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INTRODUCTION 
The INTEL ® MCS48™ 
family consists of a series 


of seven parts, including three processors, which take 
advantage 
of the latest advances in silicon techno- 
logy to provide the system designer with an effec- 
tive solution 
to a wide variety of design problems. 


The significant 
contribution 
of the MCS48 family 
is that 
instead 
of consisting 
of integrated 
micro- 
computer 
components 
it 
consists 
of 
integrated 
microcomputer 
systems. A single integrated 
circuit 


contains 
the processor, 
RAM, ROM (or PROM), a 
timer, and I/O. 


This application 
note suggests a variety of applica- 
tion techniques 
which are useful with the MCS48. 
Rather 
than 
presenting 
the design of a complete 
system 
it describes 
the implementation 
of "sub- 


systems" 
which 
are common 
to many micropro- 


cessor based systems. The subsystems 
described are 
analog 
input 
and 
output, 
the 
use of tables 
for 
function 
evaluation, 
receiving serial code, transmit- 
ting serial code, 
and 
parity 
generation. 
After an 
overview of the MCS48 
family these areas are dis- 


cussed 
in a more 
or 
less independent 
manner. 


THE MCS48™ 
FAMILY 


The processors 
in the MCS48 
family all share an 


identical 
architecture. 
The only significant 
differ- 


ence is the type of on board program storage which 
is provided. The 8748 (see Figure I) includes 
1024 
bytes of erasable, programmable, 
ROM (EPROM), 


the 8048 replaces 
the EPROM with an equivalent 


amount 
of mask programmed 
ROM, 
nd the 8035 
provides 
the 
CPU 
function 
with 
no 
on 
board 
program 
storage. 
All 
three 
of 
these 
processors 


~ 
XTAlI 
XTAL2 


t ostlllAtR 
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XTAl 


PROM 
CPU 
ADDRESS 
PROGRAM 
SINGLE 
READ 
WRITE 


EXPANDER 
MEMORY 
LATCH 
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STEP 
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SEPARATE 
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ENABLE 


TEST 
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.......- 
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INSTRUCTION 
SET 


Mnemonic 
Description 
Bytes 
Cycle 
Mnemonic 
Description 
Byt •• 
Cycl •• 
~ 


ADD 
A.R 
Add register to A 
, 
, 
e 
CALL 
Jump to subroutine 
2 
2 
.:; 
ADD 
A.@R 
Add 
data memory 
to A 
, 
, 
, 
RET 
Return 
1 
2 
0 


ADD 
A. =data 
Add immediate to A 
2 
2 
.D 
RETR 
Return 
and restore status 
, 
2 
, 


ADDC 
A. R 
Add 
register with 
carry 
, 
, 
Cl) 


ADDC 
A.@R 
Add data memory 
with 
carry 
, 
, 
CLR C 
Clear Carry 
1 
, 


ADDC 
A. =data 
Add immediate 
with carry 
2 
2 
CPL C 
Complement 
Carry 
, 
, 


ANL 
A. R 
And register to A 
, 
, 
~ 
CLR 
FO 
Clear Flag 0 
, 
, 
.• 
ANL 
A.@R 
And 
data memory 
to A 
, 
, 
u: 
CPL FO 
Complement 
Flag 0 
1 
1 
ANL 
A. edata 
And immediate to A 
2 
2 
CLR Fl 
Clear Flag 1 
1 
1 


ORL A. R 
Or register to A 
, 
, 
CPL F' 
Complement 
Flag 1 
1 
1 
B 
ORL 
A.@R 
Or data memory 
to A 
1 
1 
.• 
-; 
ORL 
A. =data 
Or immediate 
to A 
2 
2 
E 
MOV A. R 
Move register to A 
1 
1 
, 
XRL 
A. R 
Exclusive Or register to A 
, 
, 
u 
MOV A.@R 
Move data memory 
to A 
1 
1 
u 
XRL 
A.@R 
Exclusive or data memory 
to A 
1 
, 
< 
MOV A. =data 
Move immediate 
to A 
2 
2 
XRL 
A. =data 
Exclusive or immediate 
to A 
2 
2 
MOV 
R. A 
Move A to register 
1 
1 
INCA 
Increment 
A 
, 
, 


DEC A 
Decrement 
A 
~ 
MOV@R.A 
Move A to data memory 
1 
, 
, 
, 
~ 
MOV 
R. =data 
Move immediate 
to register 
2 
2 
CLR A 
Clear A 
, 
, 
0 
MOV @R. =data 
Move immediate 
to data memory 
2 
2 
CPL A 
Complement 
A 
1 
1 
:; 
:! 
MOV 
A. PSW 
Move PSW to A 
1 
1 
DA A 
Decimal 
Adjust 
A 
, 
, 
.• 
MOV 
PSW. A 
Move A to PSW 
1 
1 
SWAP A 
Swap nibbles of A 
1 
C 
, 


XCH A. R 
Exchange A and register 
1 
, 


RL A 
Rotate 
A left 
1 
1 
XCH A.@R 
Exchange A and data memory 
1 
, 
RLC A 
Rotate 
A left through carry 
, 
, 


XCHD 
A.@R 
Exchange nibble of A and register 
1 
1 
RR A 
Rotate 
A right 
1 
, 
MOVX 
A.@R 
Move external 
data memory 
to A , 
2 
RRC A 
Rotate 
A right through 
carry 
, 
, 
MOVX@R. 
A 
Move A to external 
data memory 
1 
2 


IN A. P 
Input 
port to A 
1 
2 
MOVPA.@A 
Move to A from current 
page 
, 
2 


OUTL 
p. A 
Output 
A to port 
, 
2 
MOVPJ 
A.@A 
Move to A from 
Page 3 
1 
2 


ANL 
p. =data 
And immediate 
to port 
2 
2 
;; 
ORL 
p. =data 
Or immediate 
to port 
2 
2 
a. 
INS A. BUS 
Input 
BUS to A 
, 
2 
MOV A. T 
Read Timer/Counter 
1 
1 
;; 
s 
g 
OUTL 
BUS, A 
Output 
A to BUS 
, 
2 
c 
MOV T. A 
Load Timer/Counter 
1 
, 


AN L BUS. =data 
And immediate 
to BUS 
2 
2 
, 
STRT 
T 
Start Timer 
1 
1 
, 
0 
a. 


OR L BUS. -edata 
Or immediate 
to BUS 
2 
2 
~ 
STRT 
CNT 
Start Counter 
1 
, 
.: 
~ 
MOVD 
A. P 
Input 
Expander 
port to A 
, 
2 
E 
STOP TCNT 
Stop Timer/Counter 
1 
1 


MOVD 
p. A 
Output 
A to Expander 
port 
, 
2 
;: 
EN TCNTI 
Enable Timer/Counter 
Interrupt 
1 
1 
ANLD 
p. A 
And A to Expander 
port 
1 
2 
DIS TCNTI 
Disable Timer/Counter 
Interrupt 
1 
1 


ORLD 
P, A 
Or A to Expander 
port 
1 
2 


~ 
INC R 
Increment 
register 
, 
, 
EN I 
Enable external 
interrupt 
1 
1 
~ 
's. 
INC@R 
I ncrement 
data memory 
1 
1 
DIS I 
Disable external 
interrupt 
1 
1 
~ 
DEC R 
Decrement 
register 
, 
, 
e 
SEL RBO 
Select register bank 0 
1 
, 
ex: 
C 
SEL RB, 
Select register bank 1 
1 
, 
0 
SEL MBO 
Select memory 
bank 0 
, 
1 
JMP eddr 
Jump unconditional 
2 
2 
o 


JMPP @A 
Jump indirect 
1 
2 
SEL MB' 
Select memory 
bank 1 
1 
1 


DJNZ 
R. addr 
Decrement 
register and skip 
2 
2 
ENTO CLK 
Enable Clock output 
on TO 
, 
, 


JC addr 
Jump on Carry 
=- 1 
2 
2 
JNC addr 
Jump on Carry 
= a 
2 
2 
J Z addr 
Jump on A Zero 
2 
2 
NOP 
No Operation 
1 
, 


JNZ addr 
Jump on A not Zero 
2 
2 
s: 
JTO addr 
Jump on TO = 1 
2 
2 
u 
C 
JNTO addr 
Jump on TO =- 0 
e 
2 
2 


III 
JT1 addr 
Jump on Tl 
= 1 
2 
2 
JNTl 
addr 
Jump on Tl 
= a 
2 
2 
JFO addr 
Jump on Fa 
= 1 
2 
2 


JFl 
addr 
Jump on Fl 
=- 1 
2 
2 
Mnemonics 
copyright 
Intel Corporation 
1976 


JTF addr 
Jump on timer flag 
2 
2 
JNI addr 
Jump on INT = 0 
2 
2 
JBb addr 
Jump on Accumulator 
Bit 
2 
2 


11 


Figure 
2. 
8048/8748/8035 
Instruction 
Set 
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[I Number of Available Timers 
( ) Number of Available I/O Lines 
operate 
from 
a single 5-volt power 
supply. 
The 
8748 
requires 
an additional 
25-volt 
supply 
only 
while the on board EPROM is being programmed. 
When installed in a system only the 5-volt supply is 
needed. 
Aside from program 
storage, 
these chips 
include 
64 bytes of data storage (RAM), an eight 
bit timer which can also be used to count external 
events, 27 programmable 
I/O pins and the processor 
itself. The processor 
offers a wide range of instruc- 


tion 
capability 
including 
many 
designed 
for bit, 


nibble, and byte manipulation. 
The instruction 
set 
is summarized 
in Figure 2. 


Aside 
from 
the 
processors, 
the 
MCS48 
family 
includes 4 devices: one pure I/O device and 3 com- 
bination 
memory 
and 
I/O devices. The pure I/O 
device is the 8243, a device which is connected 
to a 
special 4 bit bus provided by the MCS48 processors 
and which provides 
16 I/O pins which can be pro- 
grammatically 
controlled. 


The combination 
memory 
and I/O devices consist 
of the 8355, 
the 8755, 
and the 8155. 
The 8355 
and the 8755 both provide 2,048 bytes of program 
storage 
and 
two eight 
bit data 
ports. 
The 
only 
difference 
between 
these devices is that the 8355 
contains 
masked program 
ROM and the 8755 con- 


tains 
EPROM. 
The 
8155 combines 
256 bytes of 
data storage (RAM), two eight bit data ports, a six 
bit control port, and a 14 bit programmable 
timer. 


Figure 3 shows the various system configurations 
which can be achieved using the MCS48 family of 
parts. It should also be noted that eight of the pro- 
cessors' I/O lines have been configured as a bidirec- 
tional 
bus which can be used to interface 
to stan- 


dard Intel peripheral 
parts such as the 8251 USART 
(for 
serial I/O), the 8255A 
PPI (provides 
24 I/O 


lines) and the complete 
range of memory 
compo- 


nents. 
More detailed information 
concerning 
the MCS48 
family can be obtained 
from the "MCS48 
Micro- 
computer 
User's 
Manual" 
which provides 
a com- 
plete 
description 
of 
the 
MCS48 
family 
and its 
members. 
A general familiarity with this document 
will make the application 
techniques 
which follow 
easier to understand. 


ANALOG I/O 
If analog I/O is required 
for a MCS48™ 
system 
there 
are 
many 
alternatives 
available 
from 
the 
makers of analog I/O modules. By searching through 
their catalogs it is possible to find almost any combi- 
nation of features which is technically 
feasible. Per- 


haps the best example of such modules are the MP- 
10 and MP-20 hybrid 
modules recently introduced 
by Burr-Brown 
Research 
Corporation. 
The MP-I 0 
provides 
two analog outputs 
and the MP-20 pro- 
vides 
16 analog inputs. 
Both of these units were 


1088 
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8355 
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Figure 3. The Expanded MCS48 
TM System 


specifically 
designed 
to 
interface 
with 
micro- 


processors. 


A block diagram of the MP-I 0 is shown in Figure 4. 
It consists of two eight bit digital to analog conver- 
ters, two eight bit latches which are loaded from 
the data bus, and address decoding logic to deter- 
mine when the latches should be loaded. The D/A 
converters 
each generate 
an analog output 
in the 


range of 10 volts with an output 
impedance of 1.11. 


Accuracy 
is ±0.4% of full scale and the output 
is 


stable 
25J.Lsec after 
the eight 
bit binary 
data 
is 


loaded 
into the appropriate 
latch. The latches are 


loaded 
by 
the 
write 
pulse 
(WR) 
whenever 
the 


proper 
address 
is presented 
to 
the MP-IO. The 


lower two addresses 
(AO and A I) are used inter- 


nally by the device. Addresses A2 & A3 are com- 
pared 
with 
the address 
determination 
inputs 
B2 


and B3. If their signals are found to be equal, and 
if addresses 
A4-A 13 are all high, then the device 


is selected 
and one of the latches will be loaded. 


Address bit A I selects between 
output 
I and out- 


put 2. If address 
bit AO is set then the initializa- 


tion 
channel 
of the DIA is selected. 
In order 
to 


prepare 
for operation 
a data pattern 
of 80H must 
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A,A, 
A, 
AO 
WR----0 


.,., 
ADDRESS 
lOGIC 


LOAD 
1 
LOAD 
2 


0870 


OA 


ANALOG 
our 
, 


ANALOG 
OUT 
, 
REG 
1 


A'G'~ 


OA 


Figure 4. 
Mp·10 Block Diagram 


be output 
to this channel following the reset of the 
device. 
A block 
diagram 
of the 
MP-20 analog to digital 
converter 
is shown 
in figure 5. This unit consists 
of a 16 input analog multiplexer, 
an instrumenta- 
tion amplifier, 
an eight bit successive approxima- 
tion analog to digital converter, 
and control 
logic. 


The 
16 input 
multiplexer 
can be used 
to input 
either 
16 single 
ended 
or 
S differential 
inputs. 
The output 
from the multiplexer 
is fed into the 
instrumentation 
amplifier 
which 
is configured 
so 
that it can easily be strapped 
for single ended 0-5 
volt inputs, single ended ±5 volt inputs, or differen- 
tial 0-5 volt signals. Provisions 
are made 
for an 
external 
gain control 
resistor on the amplifier. The 
gain control eq uation is: 


G = 2 + 50kn 
~ 


A'5 
A" 
A'3 
AI] 
A" 
A '0 
A 
9 


A 
• 
A 
, 


A 
6 
A 
5 


A 
4 


A 
, 


A 
, 


A 
, 
A 0 


EXTERNAL 
GAIN 
CONTROL 


RESISTER 


l._:J 


Figure 5. Mp·20 Analog Subsystem 


With no Rext (Rext = 00) the gain is two and the 
input is 0-5 or ±5 volts full scale. Adding an exter- 
nal resistor 
results in higher gain so that low level 
(±50mV) 
signals 
from 
thermocouples 
and strain 
gauges can be accommodated. 
The output 
from 
the 
amplifier 
is applied 
to the actual 
AID 
con- 
verter 
which 
provides 
an eight 
bit output 
with 
guaranteed 
monotonicity 
and an accuracy of ±O.4'f 


of full scale. Note that 
this accuracy 
is specified 
for the entire 
module, 
not just 
for the converter 
itself. 
The 
control 
logic 
monitors 
address 
lines 
A 15 through 
A4 to determine 
when the address of 
the unit has been selected. An address that the unit 
will respond to is determined 
by 11 address control 
pins, labeled A4 through 
A 14. If one of these pins 
is tied to a logic 0 then the corresponding 
address 
pin must be high in order for the unit to be selected. 
If the pin is tied to a logic 1 then the corresponding 
address 
pin must 
be low. If 'the address 
of the 
module 
is s-elected when MEMR pulse occurs, the 
lower. four addresses (A3-AO) are stored in a latch 
which addresses 
the multiplexer. 
The coincidence 
of the proper 
address 
and MEMR also initiates 
a 
conversion 
and gates the output 
of the converter 
on to the eight bit data bus. 


The control 
logic of the MP-20 was designed 
to 
operate directly with an MCS-SO™ system. When a 
MEMR occurs and a conversion is initiated 
the MP- 
20 generates 
a READY 
signal which 
is used 
to 
extend 
the cycle of the SOSOA for the duration 
of 
the conversion. 
READY is brought 
high after the 
conversion 
is complete 
which 
allows 
the SOSOA 
to initiate a conversion 
and read the resulting data 
in a single, albeit long, memory 
or I/O cycle. The 
conversion 
time of the MP-20 depends 
on the gain 
selected for the amplifier. With no external resistor 
(R = 00) the gain is two and the conversion 
time is 
35 IlSec. For R = 510.11the gain is: 


G = 2 + 50kn 
== 
100 
.snn 


and the conversion 
time becomes 
100llsec. These 
settling times are specified in the MP-20 data sheet 
and 
range 
from 
35 
to 
175 microseconds. 
The 
READY timing is controlled 
by an external 
capa- 
citor. 
For 
a gain of 2 no external 
capacitor 
is 
required but if higher gains are selected a capacitor 
is needed to extend the timing. 


A schematic 
showing both the MP-IO 0/ A and the 
MP-20 A/D connected 
to the S74S is shown in 
Figure 
6. This 
configuration, 
which 
consists 
of 
only 
four 
major 
components, 
gives an excellent 
example 
of what 
modern 
technology 
can do for 
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the system designer. The four components 
provide: 


a. 
An eight bit microprocessor 
b. 
64 bytes of RAM 
c. 
1024 bytes of UY erasable PROM 
d. 
A timer/event 
counter 
e. 
16 digital I/O pins 
f. 
2 testable input pins 
g. 
An interrupt 
capability 
h. 
16 eight bit analog inputs 
i. 
2 eight bit analog outputs 


The MCS48 
communicates 
with the D/ A and A/D 
converters 
in a memory mapped mode (i.e .. it treats 
the devices as if they were external 
RAM). By set- 
ting an address in either RO or R I and then execut- 
ing a MOYX the software can transfer data between 
the 
accumulator 
and 
the analog 
I/O. When the 
MCS48 
executes 
the MOYX instruction 
it first 


sends 
the eight 
bit 
address 
out 
on the 
bus and 
strobes it into the 82121atch with the ALE (Address 
Latch 
Enable) 
signal. After the address is latched, 
the MCS48 
uses the same bus to transfer data to 
or from the accumulator. 
If data is being sent out 
(MOYX aRj, A) the WR strobe is used: if the data 
is being 
moved into the accumulator 
(MOYX A, 


aRj) the RD strobe is used. The one shots on the 
WR line are used to delay the write strobe of the 
MCS48 
to meet 
the data set up specifications 
of 


the MP-IO. 
In order to provide reset capability 
for the analog 
devices 
without 
dedicating 
an I/O pin from 
the 
MCS48, 
special addresses are used as reset channels. 
Executing any MOYXwith anaddressofOXXXXXXX 
will reset the A/D module; a similar operation 
with 


an address 
of X IXXXXXX 
will reset the D/ A; a 
MOYX with an address of 0 IXXXXXX will reset 
both 
devices. All data transfers 
are accomplished 
with the upper two bits of the address field equal 
to 10. A summary 
of the addressing of the analog 
devices is shown in Table I. Notice that except for 
an initialization 
channel for the D/ A (which must 


Table 
1. Analog 
Interface 
Addresses 


INPUT 
OR OUTPUT 


OXXX 
XXX 
X 
Reset 
AID 
X1XX 
XXXX 
Reset 
DIA 


INPUT 


001 
1 
nnnn 
Read 
AID 
Channel 
n n n n 


OUTPUT 


101 
1 
0001 
Initialize 
DIA 
1 01 
1 
0000 
Write 
Channel 
1 
1 0 1 1 
0010 
Write 
Channel 
2 


All mnemonics 
copyrighted 
© Intel Corporation 
1976. 


be written 
to 
following 
a reset 
to initialize 
its 
internal 
logic) all channels 
involve some form of 
data transfer. 


As 
was 
mentioned 
previously, 
the 
MP-20 
was 
designed 
to use the 
READY line of the 8080A. 
Obviously 
this presents 
a problem 
since the MCS- 
48 
does 
not 
support 
a READY 
line 
(with 
its 
attendant 
requirement 
of 
entering 
WAIT state). 
The necessity 
of a READY input can be overcome 
by performing 
a read operation 
to set the channel 
address, 
waiting 
the required 
delay (35 
J.Lsec for a 
gain of two) and then performing 
a second read to 
actually 
obtain 
the data. The second read will read 
in the data from the channel selected by the first 
read 
irrespective 
of the 
channel 
selected 
for the 
second 
read. Thus it is possible to use the second 
read to set up the channel for the third read. Each 
read can read in the current channel and select the 
next channel for conversion. 


The MP-20 is shown in Figure 6 strapped 
to input 
16 single ended 
±5 volts signals. Programs 
which 
were used to test this configuration 
are shown in 
Figure 7. The first of these programs uses the D/ A 
converter 
to 
generate 
sawtooth 
waveforms 
by 
outputting 
an 
incrementing 
value 
to 
the 
D/A 
converters. 
The second 
program 
scans the analog 
inputs 
and 
stores 
their 
digital 
values 
in a table 
located in RAM. 
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,, 
2; 
---------------------- 


3 
; 
TEST 
PRQVRAM 
FOR 
AMALOO 
OUTPUT 


<I; 
TH I 5 
PRQGoRAM OUTPUTS 
A 
SAW- 


S; 
TOOTH 
WAVEFORM 
BY 
OUTPUTtN(; 
6; 
AN 
]NCR£MEtHIN(, 
PATT[RN. 


7; 
--------------------------- 
• 
9 
; 
_._._-- 
I' ; EQUATES 
11; 
---- 
•• - 


ta 


13 
]H1TCI-I 
reo 
8B3H 
; 
O/A 
INITIALlZATlOH 
CHANNEL 


14 
INlTDT 
mu 
81H 
; 
O/A 
INITIALIZATION 
DATA 


15 
OATCH 
reo 
BBIH 
; 
O/A 
OATA 
CHANNEL 


ren; 
__ 


18 
; 
START 
OF 
T[ST 


19 
; 
.-_. 


" 
er 


22 
STA!!T: 
I"OV 


23 
"'" 
2<1 
!:!JVx 
es 
26 LOOP: 
MOV 


27 
[HC 
28 
MC/Vx 
ee 
-"" 
31 
" 


1181 
ORG 


1181 2381 
'112 
B8B3 
'11" 
91 


; 
IH!T!AUZ£ 
O/A 
A," 
IHITOT 
RI, 
tt [HITCH 


@RO,A 


8115 B8S1 
111717 
111891 
11192"15 


; 
T(ST 
LOOP-OUTPUT 
SAWTOOTH 
RI,"[)Ii\TCH 
. 


@RI,A 


LOOP 


; 
[HO 
or 
PRQC.RAM 


'NO 


Figure 
7•. 
DIA Exercise 
Program 
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SEO 
•1 
a 
........ _------------------------------ 


J 
T[ST 
PflQCi.RoIII't 
F"OR AHAlOG 
] It'"UT 
· 


THIS 
PR()(MAI'I 
SCAMS 
TH[ 
IHPUT 
CHA~LS 
5 
AHD 
STORES 
TH[ 
READINGS 
IN 
A 
TA9..E 
• 
STAATIHGAT BUrr. 
, --------------------------------------- 
•·, --._--- 
" 


, [Q\)ATtS 


11 , ------- 
" 
.,2. 
13 
BUff 
[OU 
"H 
; 
START 
OF' 8JF"FU 
••,f 
14I'11AXCH 
[OU 
15 
; 
HO or 
ANALOG 
I HF'UTS 
•••• 


IS 
AIHCH 
[00 
.BtH 
; 
8ASl 
ADllIKSS 
OF 
ANAlOG 
INPUTS 
•.,S 
16 
TICK 
[OIl 
5 
; 
EXECUTION 
TlfoI: 
OF 
DJH2 


" 
18 ; ------------- 


" 


; 
START 
OF 
T[ST 
" 


, ------------- 


1111 
21 
OI!G 
"'H 
ea 
; SHI..f' 
TO 
SCAN 
ANALOG 
INPUTS 


"" 
892f 
23STAaT: 
/01 
RI, 
#BUfF.PlAlCN 
• 11188ft 
" 


/01 
ea. _MAXCH 
"f" 
B8Br 
es 
/01 
1I" •• 
(AIHCHo/'IAXCH) 
es 
; 
SlLECT 
CHANNEL 
15 
'116 8. 
" 


/01' 
110·0"" 


'" 


; 
WAIT 
)4t 
"'IC~SEC0HD5 


"17 
BCNl 
ee 
/01 
"'4, 
•••• 
!TICK 


11.9 [C.9 
" 


,..... 
R4,S 
31 
; 
N(JoI SCAH 
ANAlOGS 
'1'8 ce 
32 
lOOP: 
DEe 
" 
JJ 
; 
GO 
DATA 
",e a. 
,. 
"C"" 
A.OR' 
J5 
,1'rN£ 
UIlO 
BUfFER 
"'D 
AI 
,. 
/01 
OIlI,A 
" 


; 
O£CREP'£HT 
BUfr[R 
POINT 
"'[1;43 
JB 
DEe 
,. 
; PAD 2. 
"'leROSEC 


."F 
BC'" 
.. 
""" 
R4, 
_It/TICK 


"'1 
EC11 
., 
OJt<Z 
R",S 
" 


I 
LOOP 
UNTIL 
DONE 


"1) 
E9.9 
., 
,..... 
R) , lOOP 
.. 
I 
REPEAT 
T[ST 
fQR{VER 
11152 
•••• 
os 
STMT 
.. 
I [HD or 
PR(lGRAI'I 
., 
[HO 


Figure 7b. 
AID Exercise Program 


TABLE LOOKUP TECHNIQUES 


In the previous section the interface between analog 
I/O devices and the MCS-48™ 
was discussed. 
In 
many applications 
involving analog I/O one quickly 


finds that 
nature 
is inherently 
nonlinear, 
and the 
mathematics 
involved in 'Iinearizing it' can tax the 


computational 
power of the microprocessor, 
partic- 
ularly 
if it has other 
tasks to perform. 
Problems 
of this nature 
are good candidates 
for the use of 
tables. 


As an example of how tables can be used as part of 
an analog output 
scheme, consider a system which 
requires an MCS-48 to output 
a variable frequency 


sinusoidal 
waveform. 
One method 
of performing 
this function 
would be to use the timer to generate 


an interrupt 
at a fixed rate of 256 times the desired 


output 
frequency. 
At each interrupt 
the appropriate 
value of the sine function 
could be calculated 
from 
the MacLaurin series: 


(_ I)k x 2k + I 
(2K + I)! 


Where K is chosen 
to be large enough to provide 
the required accuracy. 


All mnemonics 
copyrighted 
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The 
above 
calculation, 
although 
conceptually 
simple, 
would 
be 
time 
consuming 
and 
would 
severely limit the possible output 
frequencies which 
could be obtained. 
As an alternative 
to calculating 
these values in real time, the values could be precal- 
culated 
off line and stored 
in a table. Upon each 


interrupt 
the MCS-48 would merely have to retrieve 
the 
appropriate 
value from the table and output 
it to the D/ A converter. 
the MCS-48 provides 
a 


special 
instruction 
which 
can be used 
to access 


data in a table. If the table is stored in the last 256 
bytes 
of the 
first 
kilobyte 
of MCS-48 memory 


then the table lookup can be performed 
by loading 


the independent 
variable 
(time 
in this case) into 
the accumulator 
and executing 
the instruction . 


MOVP3 A,@A 


This 
instruction 
uses the 
initial 
contents 
of the 


accumulator 
to 
index 
into 
page 
3 of 
program 
storage. 
The location 
pointed 
to is read and the 


contents 
placed in the accumulator. 
If (as is often 
the 
case) 
a table 
of 
fewer 
than 
256 
entries 
is 


required, 
then the table can be located in any page 


of program memory and the instruction: 


MOVPA,@A 


can be used to retrieve 
data from the table. This 


instruction 
operates 
in the same manner 
as does 


the previous 
instruction 
except 
that 
the current 
page 
of 
program 
storage 
is assumed 
to contain 
the table. 


If it is possible 
to devote 
slightly 
more 
of the 


microprocessor's 
time to the table look up process. 


then a much smaller table can often be utilized by 
taking 
advantage 
of 
interpolation 
to 
determine 


values of the 
function 
between 
values which are 


actual 
entries 
in the table. As an example 
of this 


FLOWMETER 


-..J 
LJ 


FLOW 
METER 


AD 
MCS48 
COJ\iTROl 


PANEL 


LJ 
-..J 


r cow 
MEHR 


Figure 8. Flow Monitoring System 


1-8 


intel· 
AP-24 


process consider 
the hypothetical 
system shown in 
Figure 8. The purpose of this system is to measure 
the flow through 
the three pipes, add them, 
and 
display 
the 
total 
flow on the control 
panel. The 
system consists -of three flow meters which generate 
a differential 
voltage 
which 
is some 
function 
of 
flow, an A/D system with.at least three differential 
inputs, 
an 
MCS48, 
and 
a 
control 
panel. 
The 
schematic 
shown 
in Figure 6 could easily become 
part of this system, 
with the spare digital I/O of 
the MCS48 
used 
as an interface 
to the control 
panel. The simplicity 
of this system is clouded by 
the flow transducers, 
which are assumed to be not 
only nonlinear 
but also to require individual 
cali- 
bration 
(this is not an unreasonable 
assumption 
for 
a flow transducer). 
By using a table look up process 
and an 8748 the flow transducers 
can be calibrated 
and 
the 
results 
of 
the 
calibration 
tests 
stored 
directly 
in tables 
in the 
8748. 
(The 8748 has a 
PROM in place of the ROM of the 8048 and thus 
makes such 'one off programmin- 
oractical.) 
The results which might be obtained 
from calibra- 
ting one of the flow meters is shown in Figure 9. 
The 
results 
are 
plotted 
as gals/hour 
versus 
the 
measured voltage generated 
by the transducer. 
The 
voltage 
is shown 
in hexadecimal 
form so that 
it 
corresponds 
directly 
to the digital output 
of the 
analog 
to digital converter. 
The flow required 
to 
generate seventeen evenly spaced voltages (OH-I OOH 
in steps of 10H) has been measured 
and plotted. 


This 
information 
is shown 
in tabular 
form 
in 
Figure 
10. It is necessary 
to generate 
a program 
which will convert 
any measured 
input from OOH 
to FFH into the flow in units which can be inter- 
preted 
by a human 
operator. 
This can easily be 
done by simple interpolation. 


Figure 9. Flow Calibration Curve 


T RA.NSOUCE 
R ,.,,--,,--,,--,---r---r---r---r--o--o--o--o-r-r-r-r-, 


VOl TAGE (HE XI 00 
MtASURtD 
fLUW f-.c-r:cbHHYHY-l-1-1-1-f-f-f-t-i 


IGAl HOUR 
IL-L-.JL-Jl.-Jl.-Jl.-J-.l--'--'--'--'--'--'--'--'--'-'-.J 


Figure 10. Tabulated 
Flow Data 


The eight bits of independent 
variable (voltage) can 
be looked on as two four bit fields. The most signi- 
ficant four bits (7-4) will be used to retrieve one of 
the table values. The lower four bits (3-0) will be 
used 
to 
interpolate 
between 
this value and 
the 
value retrieved from the next higher location 
in the 
table. If the upper four bits are given the symbol I 
and 
the lower 
four 
bits the symbol 
N, then 
the 
interpolation 
can be expressed as: 


F(x) = F(I) 
+ ~ 
[F(I+I)- 
F(I)] 


Where x is the measured 
voltage and F(x) is the 
corresponding 
flow. 


If, 
as 
an 
example, 
the 
transducer 
voltage 
was 
measured 
as 48H 
then 
the flow (ref. Figure 
10) 
would be: 


8 
F = 30 + 16 (34-30) 
= 32 


A subroutine 
which implements 
this calcutau..u 
i~ 
shown in Figure 11. Before it is called the inJl"I"'1I 
dent variable (V) is placed in the accumulator 
and 
register 
R I is set to point at the first value in the 
table. Aside from simple additions 
and subtractions 


the 
only 
arithmetic 
required 
is to multiply 
two 
values and then divide them by 16. The multiplica- 
tion 
is handled 
via a subroutine 
which 
is also 
shown in Figure 
11. The division by 16 can be per- 
formed 
by a four place right shift 
followed 
hy a 
rounding 
operation. 
The routine shown will handle 
a monotonic 
increasing 
function 
of a single inde- 
pendent 
variable. 
Fairly simple modifications 
are 
required 
for nonmonotonic 
functions. 
Functions 
of two variables can be handled by interpolating 
on 
a plane rather 
than along a straight 
line. Although 
this is more 
time 
consuming, 
requiring 
an inter- 
polation 
for each of the independent 
variables and 
a third 
to 
interpolate 
the 
final 
answer, 
it still 
provides a simple means of quickly 
calculating the 
required 
function. 
The use of tables can offer a 
powerful 
technique 
for function 
evaluation 
to the 
designer. 


RECEIVING SERIAL CODE-BASIC 
APPROACHES 


Many microprocessor 
based systems 
require some 
form of serial communication. 
Serial communica- 
tion 
is extensively 
used because 
it allows two or 
more pieces of equipment 
to exchange information 
with a minimal 
number 
of interconnecting 
wires. 
The minimization 
of interconnecting 
wires results 
in simpler, 
cheaper, 
interconnects 
because 
fewer 
(or 
smaller) 
cables and 
connectors 
are required. 


Since the required 
number 
of drivers and receivers 
required 
is reduced, 
it can become 
economically 
feasible 
to provide 
much 
higher 
noise immunity 
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LDC 
OB.J 
"'0 
SOUJIC£5T"TOI:"T 
LDC 
OBJ 
"'0 
SCUK:( STATEf'£HT 


I ........................................... 
euc 
83 
56 
'H 
, 
S1 


a 
'I'''''" 
se 
, 
AT [NTRV R1 POINTSAT TAB...E 
59 ; -------- 
. 
A HAS I"DEPENDENTYARIAB...E 
6. 
; f't.II...T1PLY 
S 
., , -------- 
• ........................................... 
ee 
; SET uP COUHTANDAEX 
1 
'110 BBI8 
63 
I"lA.T: 
..", 
CO"ltT,#8 
B , ------- 
",r 
BAn 
.. 
..", 
AEX,a, 
S ; EOlIATES 
os 
; CL(ARCNHl:Y 


" 
; ------- 
"21 
97 
Ei6 lOOPA: 
CL' 


I( 
" 
, IF f't.II...TlPLlER (I) 
() 
1 THEN SHIrT 
~ODUCT 


•••• 
12 RII 
EOU 
" 


; POINTER • 
1122 
122S 
68 lOOPS: 
Jot 
S_ 
'11' 
131Ul 
EOU 
" 


: 
POINTERl 
112<42A 
•• 
XC" 
A,AEX 


'''2 
'4 
AEX 
EOU 
" 
: [XTEHSIOH or 
A REGISTER 
'12567 
" 


,"C · 
.U3 
15 
COUNT 
EOU 
" 


; COUHTER 
"26 
2A 
" 
XC" 
A,ArK 
..... 
16 TE"" 
EOU 
.. 
: 
IT"" 
5TORA(j[ 
"2767 
12 
'" 
• 
11 
13 
; lOOP lI'4T1l 
DOttE 


18 : ------------- 
"28 
[822 
" 


Mo' 
COlIfT,lOOPB 


19 : APPROXII'IIATIOH 
112A 
93 
ss 
'H 
2' : ------------- 
,. 
; [LSE ADO f'lJLTlPLlER 
M'ID SHIfT 
PRODUCT 
21 
"282A 
77 ss'"": 
XC" 
A.AEX 


"" 
22 
011(; 
"'" 
112e 6. 
18 
'DO 
A,O'U' 
23 
; 
POltH 
IU. 
AT 
TOP 
"2D 
67 
19 
'RC · 
1111 
BB." 
2" APPIlQX: 
""" 
Itlll,_TEJoF 
1l2E 
2A 
BI 
XC" 
A,AEX 


'S 
1 TE"--H 
AHD .rH 
,'2r 
67 
B' 
.RC · 
,. 
1 A-P AHD.n; 
ea 
i LOOP UHTlL 
DONE 
".2 
BIll 
" 
..", 
OIlU,_. 
"3' 
E821 
ea 
Mo> 
COI..IHT,l()(J>A 
"'''3' 
28 
."'" 


A,OIl.' 
"3283 
B' 
'ET 


.'.S 
••7 
29 
SWAP 
• 
os 


31 
; AXI-8ASE-A 
•• 
,,16 
69 
" 


ADO 
A,AXl 
87 
1 ••• --------.------.-- 


".7 
A9 
32 
..", 
AX1,A 
88 
; TABLE TO TEST PAOGRAM 


33 
1 AX1-JABLE(P) 
B9 
; 
---------- 
••••••••••• 
,. 
; A-TABLE(p·,) 
., 


'118£3 
'S 
"""" 
A,OA 
1381 
., 
0'"' 
381" 
".929 
se 
XC" 
A,A.' 
92 
",A 
17 
31 
I'" · 


'38' 
•• 
93 TABLE: 
DO 
•• 
; THIS TABLE IS rRCl'l rIG 
" 


"'B 
E3 
38 
11OVf" 
A,OA 
'381 
,A 
.. 
DO 
" 
39 
: A-TAB..E CP.U-TABL£CP) 
.382 
16 
OS 
DO 
22 
IIIC 
37 
.. 
Cf'L · 


.383 
HI 
•• 
DO 
ee 
Il.D 
69 
41 
'CO 
fI.A.' 
'38" 
rr 
" 


DO 
31 
I1.E 
37 
., 
CI'L · 


'l8S 
22 
•• 
OB 
,. 
., 
1 A-"·A/16 
I,.. 
es 
•• 
OB 
38 
.,.r3 
••1D 
.. 
CALL 
••••••T 
.387 
28 
'" 
OB 
.. 
1111 
88'2 
4S 
""" 
IiIU,_AE. 
1388 29 
,It 
OB 
41 


"1331 
.. 
XCHD 
A.OAU 
.389 
2A 
'" 
OB 
., 


.,1 •••• 7 
., 
SWAP · 


.38A 
28 
'" 


DO 
., 
,11S 
2A 
'B 
XC" 
A,AtX 
.38& 
2D 
'04 
DO 
4S 


"167219 
.. 
JB3 
.DJUST 
1l9C 
3. 
"S 
DO 
'B 
1l182A 
SI 
XC" 
A,AtX 
.380 
31 
,OO 
DO 
-e 
'1192A 
SI ADJUST; .CH 
A,AtX 
138< 3S 
'01 
DO 
S' 
,,1A 
17 
S' 
I'" · 
''''' 
38 
". 
DO 
56 
S' 
1 A-A.TAEl.E(P) 
.39. 
3r 
". 
OB 
., 
111& 69 
s- 
.00 
A,IiIXI 
,,, 
SS 
i AETUIiIH 
t t 
END 


Figure 11. Table Lookup With Interpolation 


with 
more 
sophisticated 
(and 
expensive) 
line 
terminators. 
The 
final, and usually 
most persua- 
sive, argument 
in favor of serial communication 
is that 
it may 
be the 
only 
method 
available 
to 
accomplish 
the 
job. 
The 
obvious 
example 
of 
this 
is telecommunications 
where 
it is necessary 
to encode 
parallel 
information 
into serial format 
in order 
to communicate 
via the 
telephone 
net- 
work. 
The intent 
of this section 
is to show how 
the facilities 
of the MCS-48™ 
can be brought 
to 
bear on the problem of serial communication. 


I 0 ~;-;-;;;-:0':D5:06:D7:D.1 
I 


Figure 12. Serial ASCII Code 


Probably 
the 
most 
common 
form of serial com- 
munication 
is that used by the obiquitous Teletype- 


serial ASCII. This format, shown in Figure 12, con- 
sists of a START 
bit (0 or SPACE) followed 
by 
eight data bits which are in turn followed by two 
STOP bits Cl or MARK). 
In actual 
practice 
the 
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eighth data bit usually 
consists 
of even parity on 
the remaining 
seven data bits; for the purposes 
of 


this discussion 
the eighth 
bit 
will be considered 
only 
as data. 
A minor 
variation 
of this 
format 
deletes one of the STOP bits. An algorithm 
which 
might be used to sample serial data under software 
control 
using a microprocessor 
is shown in Figure 


13. The basic intent 
of this algorithm 
is to mini- 
mize the effects of distortion 
and transmission 
rate 


variations 
on the reliability 
of the communication 


by sampling 
each data bit as close to its center as 


possible. 
Upon entry 
to this routine 
the software 


first samples the incoming data in a tight loop until 
it is sensed as a MARK (logical one). As soon as a 
MARK is detected, 
a second loop is entered during 


which 
the 
software 
waits until 
the received 
data 


goes to a SPACE (logical zero). The purpose of this 
construction 
is to detect 
as accurately 
as possible 


the leading edge of the START bit. This instant of 
time will be used as a reference point for sampling 
all of the 
following 
bits in the character. 
After 


sensing the leading edge of the START bit a wait 
of one half the expected 
bit time is implemented. 


The period 
of the incoming 
signal is called P for 


convenience. 
At the end of this wait the serial line 


is tested-if 
it is MARK then the START bit was 
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Figure 13. Sample Serial Input Routine 


invalid and the process is reinitialized. 
If the line is 


still a SPACE, then the START bit is assumed to 
be valid and a delay of one bit time is started. 
At 
the 
completion 
of the delay the first data bit is 
sampled and a new delay of one bit time is initiated. 
This process 
is repeated 
until 
all eight data bits 
have been sampled. The last bit sampled is checked 
to determine 
if it is a valid STOP bit (a MARK). If 
it is, the character 
is assumed 
to be valid; if it is 
not, 
the character 
has a framing error and is pro- 
bably invalid. A listing of a program which imple- 
ments the above procedure 
is shown in Figure 14. 
A disadvantage 
of the approach 
outlined 
in Figure 
13 is that 
while 
the processor 
is inputting 
data 
serially it must totally 
dedicate 
itself to this task. 


Accurate 
timing 
can 
only 
be maintained 
if the 
program 
remains 
in a tight 
wait 
loop 
without 
allowing 
itself 
to be diverted 
to other 
functions. 


During 
reception 
of a character 
from a Teletype 
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the processor 
will spend only a 100J,lsecs or so pro- 


cessing data and the rest of the 100 millisecs wait- 
ing to do the processing at the right time. This lack 
of efficiency (approximately 
0.1 %) in the utilization 
of processing 
power 
is why devices such 
as the 


825 I 
USART 
find 
broad 
application 
in micro- 
processor systems. 


LOC 
OBJ 


1112 
.ua 


••• 
2 
liP,,,, 
.,., 


., •• 
2611 


"'236.2 


"'43"'C 


"16 
36 •• 


1'18 
811\19 


11'A)41C 
.'.C)41C 


"'(EAIS 


"" 
91 
1\11 
)6,,, 


1113141 
"1483 


"'597 
"162619 
"18 
fil7 


"1967 


"IA 
24'14 


ettc 
BeIZ 


."[B8II<I 
'10" 
EBZ. 
"22fel( 


"2<1 
83 


5[0 
SOt.lIlC[ 
5TAT[I'I[HT 
.: 
. 
, , 


2 
; 
SIf'Pl£ 
SERIAl. 
IHPUT 
J ; 
.THIS 
CO[£ 
ASSlI'£S 
RID 
IS 


•• 
; 
COHH£crEO 
TO PIN rl 


S , 
6 ; •••••••••••••••••••••••••••••• 
, 
8 ; 
_ 


9 
; 
(QUATES 
"; 
. 
" 
12 
COUNT 
(QU 


13 
BITNO 
EQU 


1<1 DlYH[ 
[QV 


15 
III YLO 
[QU 


rs 


07 
ra 
19 SUIH: 
JttTl 
"" 
ea 
23,. 
2S 
26 
27 
29 
2S 
LOOP: 
CALL 
HB[T 


31 
CALL 
HB[T 
" 
32 
33 
3'" 
ON 


3S 
CLR 
J6 
ft. 


37 
CPL 


38 
EllTl 
RET 


)9 


4' 
LOAD: 
CLl! 


41 
JHT' 
42 
CPl 


43lLLA: 
!lIiC 
.. 
45.. 
47 
\ 
•••••••••••••• 
-.-- 
••••• 


48 
; 
O(lAY 
ONE 
HALr 
BIT 
TIME 
4'3; 
•••••••••• 
- •• ---.-- 
•• -- 


SI 
so 


52 
HBIT: 
fIIOI/ 


S3 
54 
•.•..OOP: 
f"I.'N 


55 
DJN2 


56 
DJHZ 
57 
ItET 


59 
S' 


ea, 


2 


'A4H 


; 
CDl./NTER 


: 
HO or 
BITS 
TO 
REC£lV£ 


; 
HI 
ClY 
COlR'lT 


; 
LO 
OlY 
COUNT 


lt1H 


: 
LOOP 
UNTIL 
RXO·"'-RtC 


: 
HOoI LOOP 
UNTIL 
!lXD-SPACE 
JTI 


; 
WAIT 
1/2 
BiT 
TlI'IE 


CALL 
HBlT 


; 
Ir 
rAl5[ 
START 
It£IHTlAllZE 
JTI 


: 
ELSE 
SET 
BIT 
COUHT 


CQUHT,#BITHO·1 


: 
WAIT 
1 
BIT 
TlM£ 


; 
J)£CIiEM£HT 
COUHT 


; 
·Ir 
ZERO 
UIT 
WITH 
CARRY 
SET 
ON 


; 
·rIiAl'lIHG 
[RROIi 


COUNT .LOAD 


C 


UIT 


C 


: 
LOAD DATA 
C 


LLLA 
C, 


; 
AHDLOOP 


LOOP 


; 
SET 
uP 
LOOP 


R4.#OL.YHI 


; 
LOOP 
UNTIL 
TlI'£ 
OCIHE 


R3.#OLYLO 


Rl.S 
R4 ••.•.. 00P 


"" 


Figure 14. Simple Serial Input 


The 825 I USART 
is simple 
to interface 
to the 
MSC48. 
Figure 
IS shows such an interface. 
The 
USART requires a high speed clock (CLK), an ini- 
tilization 
signal (RESET), 
data 
clocks 
(TxC and 
RxC), 
and 
data 
in order 
to 
operate. 
A circuit 
showing 
the 
connection 
of an 8748 
to an 825 I 
USART is shown in Figure IS. In the circuit shown 
the 
high speed 
clock 
(which 
is used for internal 
sequencing 
by the 
USART) 
is provided 
by con- 
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59904 
MHl 
r--l 
0 ~ 
-=- 
2 


Xl 
'2 
35 
24 
P24 


23 
P23 


72 Pn 
'21 
21 
P10 


34 '" 
33 Pl6 


32 
PIS 


~~ 
P14 


29 
P13 


28 
P12 
'11 
'17 PlO 


11 
ALE 


25 
PROG 


~~ vcc 


VDD 
s 
SS 


9 
PSEN 
20 
VSS 
t 
EA 


'27 
38 
11 
e; 
Vcc 
2. 
'SV 
'" 


37 
12 
C'D 
GND • 


'2S 
3. 
• 
RESET 
-=- 


WA 
10 
'0 
WR 
DSR 
22 


R1i 
8 
'3 
R1i 
DTR 
24 


8748 
19 
" 
0, 
DB' 
ill 
23 
" 
D. 
DB. 
m 


D. " 
DB. 
8251 


D. 
ts 
DB' 
15 
r.D 
03 
, 
DB3 


O2 
13 
2B 
092 
8-< 


0, 
DB' 
R,D 
3 
12 
27 
DO 
3. 


DBD 


T, 
T,C 
20 
2S 
TO 
eLK 
R,C 


19968 
MH, 


"V 


"Install 
Jumper 
lor 
{,o 
Baud 
Ooe-ancn 
(·111 


Figure 15. MCS-48™ 
to 8251 Interface 


necting 
the CLK signal of the USART 
to the TO 
pin of the MCS-48. The TO pin of the MCS-48 
can either 
be used as a directly 
testable 
input pin 
or it can become, 
under program control, 
an out- 
put pin which oscillates at one third of the crystal 
frequency. 
(Note 
that 
once this pin is designated 
by the software 
to be an ou tpu tit 
will remain so 
until 
the system is reset.) In Figure 15 the crystal 
frequency 
is 5.9904 
MHz so the clock provided to 
the 
8251 
is 1.9968 MHz, which conforms 
to its 
specifications. 


The initialization 
signal to the USART (RESET) is 
provided 'programmatically 
by manipulation 
of bit 
5 of port 2. It was necessary to place the reset of 
the 8251 under 
program 
control 
for two reasons. 


The first reason is that the MCS-48 does not supply 
a reset signal to other devices. The reason for this is 
that it was felt to be more useful to provide another 
pin of I/O function 
instead of a RESET OUT signal 


from 
the MCS-48. Although 
this situation 
could 
have been circumvented 
by the use of an externally 
generated 
reset which drove both the MCS-48 and 
the 8251, the second reason for program control of 
the reset to the USART still stands. The USART 
requires 
the 
presence 
of the CLK signal during 
reset 
in order 
to 
properly 
initialize 
itself. 
The 
ENTO CLK instruction 
which 
the MCS-48 must 
execute 
before the 8251 will receive the CLK can 
obviously 
not be executed 
until 
after 
the system 
reset 
has ended. 
Reset 
of 
the 
USART 
can 
be 
accomplished 
by the following code segment: 


ENTO 
ORl 
MOV 
lOOP: 
DJNZ 
ANl 


ClK 
P2, #{)OIOOOOOB 
R2, #DElAY 
R2, lOOP 
P2,#11011111B 


; TURN ON CLOCK 
; START RESET 
;DElAYUSART 
; RESET TIME 
;END RESET 


This code first enables 
the clock, then asserts the 
reset 
signal of a time 
period 
determined 
by the 
constant 
DELAY. 
The 
delay 
invoked 
is (10 
+ 
5*DELA Y) 
microseconds 
for 
DELAY 
>0. 
The 
USART requires 
a reset of approximately 
6 CLK 
periods so DELAY is chosen to be I which ensures 
adequate 
reset 
timing. 
Note 
that 
for delays this 
short, NOP instructions 
could also be used to time 
the pulse. 


The data clocks required 
by the USART are pro- 
vided by the modem if the USART is operated 
in 
the 
synchronous 
mode. 
In 
the 
more 
common 
asynchronous 
mode, 
however, 
these 
clocks must 
be provided by circuitry associated with the 8251. 


The 
5.9904 
MHz crystal 
was chosen 
because 
the 
resulting 
1.9968 MHz clock to the USART can be 
evenly 
divided 
to 
provide 
transmit 
and 
receive 


clocks to ihe USART. Assuming the USART is in 
the x 16 mode (i.e. it requires data clocks 16 times 
the baud rate) the 1.9968 MHz signal can be divided 
by 13 to generate 
the proper clock rate for 9600 
baud 
operation. 
This 
9600 
baud 
clock 
can 
be 
further divided to give 4800, 2400, 1200, 600, and 
300 
baud 
signals. The 
1200 baud 
signal can be 
divided by II to give a 109.1 baud signal which is 
within I% of the I 10 baud required by Teletypes. 


The 
MCS-48 communicates 
with 
the 
8251 
in a 
memory 
mapped 
mode 
(i.e. as if the 8251 
were 
external 
RAM). The 
instructions 
available 
to do 
this are MOYX aRj, A which stores the contents 
of 
the 
accumulator 
at 
the- external 
RAM location 
addressed 
by Rj U=O or I), and its complement, 


the MOYX A, (aJ Rj instruction 
which moves data 
from 
the 
external 
RAM into 
the 
accumulator. 


Since the MCS-48 multiplexes 
addresses 
and data 
on the same eight bit bus an external 
latch would 
be required 
in order 
to address 
the USART with 
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to add the circuitry 
necessary to use RO or RI to 
address the peripheral 
devices. The circuitry 
which 


has to be added to Figure I 5 in order to make use 
of RO or R I to address 
the USART 
is shown 
in 
Figure 
17. Note that only the changes to Figure 15 
are shown. 
The additional 
component 
required 
is 


the 8212 eight bit latch. This latch is loaded, when- 
ever a valid address 
is on the bus by the Address 
Latch 
Enable (ALE) signal provided 
by the MCS- 


48. 
During 
an external 
read or write 
cycle 
this 
address 
is used 
to address 
the 825 I in a linear 
select mode. In the circuit shown, the 825 I will be 
selected 
by any address with bit 
I a logical zero 
(XXXXXXOX) and the selection of control or data 
transfer 
(C/D) 
will be based 
on bit 
zero 
of the 
address obtained 
from RO or R I. Figure 18 shows 
the 
program 
of Figure 16 modified 
to utilize the 
addressing 
inherent 
in 
the 
MOVX 
instructions. 


LDC 
OII.J 
5£0 
sccecc 
STAT[I'I:HT 
· ._--------_._--------------------- 
, 
a 
a· 
5 
-.-.---.-.------------------------ 
•7; 
------- 
8 
; 
[Ql.hfIT[S 
'3 ; 
------- 


" 
11 
I"ICU! 
rcu 


12 
tJ..\' 
[QV 
13 UCOt 
[00 


14 
I'OD[ 
£00 


15 ee 
[00 


16 STAT 
[QU 


17 VAL 
[QU 


le 
MASK 
EOU 
,. 


20 
" 
ea 
23 TEST, 
[HT' 


" 
DOL 


2S 
I'll\! 


26 
LOOP: 
DJolZ 
" 
..•. 


28 
es 


JI 
"" 
JJ" 
JS,. 
J7 
J8 
se.. 
""., 


44 TLP: 
I'()V 


'15 
OUll 
46 
I'()VX 


47 
RRC 
•• 
..o<C 


•• 
I'll\! 


SI 
""- 
51 
KNX 
52 
IMC 
5' 
_ 
s-S, 


SUIA!.. 
TEST 


THIS 
CODE 
]HTIALllrS 
Tl£ 
USART 


AHD 
TRAHSMJTS 
AH 
IHCRO£I'ITlHG 


PATTIRt4. 
HARtwARE 
SHCWI 
IF FIG 
15. 


20H 


IIH 
"'H 
leEH 
"H 
"H" 
III'H 


11"" 
.U, 
"" 
•• CE 
"21 
117F 
"" 
"11' 


; 
IJSART 
RESET 
AOOR(SS 


; 
USMT 
RESET 
DELAY 


; 
USMT 
COPITIlOl 
ADDR{SS 


: 
USART 
I'IJD[ 


; 
USART oe 


; 
USART 
STATUS 


; 
TEST 
VALUE 


; 
CHAHG£S 
Cf'I() 
TO 
MTA 
CHAHHEL 
" .. 
0110 
'"H 
; 
TURN 
OH 
CLOCK 


; 
AND 
RESET 
USAIH 


"" 
7S 
"11 
BA2. 
"'3 BA.' 
.115 [A'S 
"'79ADr 


CL< 


P2,#l"IClR 
R2,#D..Y 


R2.l00P 


P2,#(HOTI'ICLlU 


; SHEeT 
USART 
COHTIlOl 


#I, #UCON 


P2.A 
"19 
237f 
'1'8 
lA 
I'll\! 


OUTL 


; 
SEND 
f'IODE 
AND 
CIM'\ANO 


A, 
./I'IODE 


OR',A 
; 
(CONTENTS 
OF 
R. 
UHlI'f'ORTANT> 


A, .crom 


OR',A 


'I.C23CE 


'I'E 
9. 


'I,F2321 


'111 
9. 


- 
P27 
ViR 
ViR 


- 
P26 
Ri) 
Ri) 


II~ 
os, 


-s v 
MD 
JJ 
8212 


ALE 
22 
OS, 


'0 
01, 
DO, f- 


IS 
01, 
DO, f- 


01. 
D0. f- 


8748 
te 
01, 
OD. f- 
8251 
~ 
01, 
DO, f- 
,------!.- 


0', 
DO, ~ 
~ 
01, 
DO, 
cs 
, 


01, 
Do, ~ 
CID 


0, 
0', 
o. 
0'. 


0, 
D., 


0, 
D., 


0, 
D., 


0, 
0', 


0, 
0'1 


DO 
0'0 


; 
DO 
FOREVER 


SHECT 
USART 
STATUS 


IF 
ntRDY·I 
THEN 


00; 


OUTPUT 
VAlU£; 


I NCRO'IENT 
VAlU£; 


Hm; 


END; 


'112237F 


'1143A 
'115 a. 
'11667 


"17 
E612 


'119 
F9 
'IIA 
9A8F' 


,IIC 
9f 
'110 19 


'IIE 
2"12 


A,.STAT 


P2,A 


A,OR' 
; 
(CONTENTS 
Of 
R. 
UNIMPORTANT) 
. 


TLP 


A,VAL 


P2, 
.MASk 


OR',A 
""- 
TLP 
'.0 


Figure 16. 8251 Test Program 


RO or RI. 
In order 
to minimize 
the circuitry 
in 


Figure 
15 an approach 
utilizing 
some of the I/O 


pins of the MCS-48 to address the 825 I was chosen 
instead. 
By connecting 
the chip select (CS) input 


of the 8251 to bit 7 of port 2 (P27) and similarly 
connecting 
the CID address line of the 825 I to bit 


6 of port 2 (P26) it is possible to address the 825 I 
without 
using RO or R I. The instruction 
sequence 


to access the 8251 is to first reset P27 and set P26 
to the appropriate 
state, use a MOVX instruction 
to 
perform 
the 
appropriate 
operation, 
and 
then 


finally set P27 to deselect the 825 I. As a concrete 
example 
of this addressing, 
Figure 
16 shows the 
code necessary to initialize the 8251 and output 
an 
incrementing 
test pattern 
on a status driven basis. 


If more than one 825 I were to be added 
to the 
MCS-48, or if other 
types of peripheral 
circuitry 
would be required 
(e.g. an 8253 timer to generate 


the data clocks) it would probably become desirable 


Figure 17. Modified MCS-48to 8251 Interface 


RECEIVING SERIAL CODE-A 
MORE 
SOPHISTICATED 
ALGORITHM 
Although 
the USART 
does an admirable 
job of 
performing 
the serial I/O 
function 
for the MCS- 


48™, 
there are some situations 
where it can not be 


used. These situations 
may be caused by economic 


factors, such as an extremely 
cost sensitive design, 


or because the code which must be utilized cannot 
be accommodated 
by the USART. An example 
of 


of such a code will be discussed later. Recall that 
the principal 
objection 
to the approach 
to serial 


input 
shown 
in Figure 
13 was that 
it consumes 


much of the processor's 
power by merely spinning 


in loops in order to wait preset time delays. 


All mnemonics 
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lOC 
OSJ 


112. 
U'I 
IIIl 
nCE 
1121 
1113 
"" 
•••• 
" .. 


"" 
7S 
"1\ 
BAl. 


'If) 
81111 


.115 EA'S 
,"79A0f' 


,11'23'3 


".B 
23e[ 


.110 91 
",£ 
232\ 


"11 
9. 


'Ill 
2313 
'11) 8. 
"\467 
'liS 
E611 


1117 
F9 
"\888" 
'Ill' 
,. 
11\8 
19 
'lie 
2411 


. 
----.-.--.".-------- 


1 
S(IlIALTEST 


2 
THIS 
COD( 
,,..fIALIl[S 
THE 
uSAl'n 


) 
AND 
TRA,..S/1ITS 
AH 
!HCR(I'£HT!HG 


•• 
PATTERN. 
HARI:Wo\Il[ 
SHOWN 
IF 
rro 
17. 


So 
---------------------------------_. 
• 
"8: 
EO\,lllT[S 
., 
" 
" 
"'CLR 
[QU 


12 
OlY 
[QU 


1] \.ItCH 
[OU 


141'1ODE 
[OU 


15 CMD 
[OU 


" 
STAT 
[QU 
17 VAt. 
EQU 


18 
DATA 
EQU 
.. 
.0 
" 
ea 
23 TEST; 
[HTI 
24 
ORt. 


2S 
eev 
26 LOOP 
DJHZ 


27 
AHl 


28 
ee" 
J1 
32",. 
3S,. 
" 
38,..... 
'2 
4JTLP: 
I'tOV 


4<11 
1"(1.11 
45 
RIlC 
46 
JI'IC 
., 
""" 


'8 
""" 
49 
f'IOVl 
5. 
IHC 


50 
..." 
52 
SJ 


5[0 
SOURCE 
STATEMENT 


.0" 
"""" 
ICEH 
"" 
IJ"" 
to 


; USART iESH 
ADDRESS 


; 
VSAIH 
R[S(T 
Il(LAY 


; 
USAfiIT 
COHTROL 
A[)[)RE5S 


: 
USAIH 
1'100£ 


: 
USAfHCI'!O 


: 
USAAl 
STATUS 


T[ST 
VAlU£ 


: USA"T 
DATA 
ACME SS 


IUN 


: 
TURN 
OH 
CLOCI( 


: 
AHD 
R(5(T 
USA"T 


eLK 
P2,#I'ICU! 


1!2,#I)lY 


R2 , lOOP 


P2, 
# (HQT 
I"ItllU 


; 
SELECT 
USART 
COHTROL 


A,#UCQN 


S[MD 
I1JI)( 
AHD 
CCl'I'VIHD 


A,#I1JD£ 


OR',A 
; 
(COHT[HTS 
or 
R. 
UNlf'If'QRTAHf) 


A,#CI'ID 


OR',A 


; 
DO 
fQR(V[R 


S£l[CT 
USART 
SfATlIS 


If 
TXROY·' 
THEH 
00, 


OUTPUT 
VALUE; 


IHCREI'I(HT 
VALUE; 


[HO; 


[HO; 


A,#STAT 


A,OR' 
; 
(CQNT[HTS 
or 
RI 
l/f'4[I1POIHAHT) 
. 


TLP 


A,VAL 


RI, 
#DATA 


ORI,A 


VAl 


TLP 


"0 


Figure 18. Modified 8251 Test Program 


The timer resident on the MCS-48 provides a solu- 
tion to this problem. 
Instead of spinning in a loop 
the program can set the timer for a given interval, 
start it, and proceed to other tasks. When the timer 
overflows, an interrupt 
will be generated 
to notify 
the 
software 
that 
the 
present 
time 
period 
has 
elapsed. 
An extension 
of the algorithm 
of Figure 
13 which uses the timer in this fashion in shown in 
Figure 19. This algorithm is identical to the preced- 
ing one up until the detection 
of the leading edge 
of the start bit. At this point the timer is set to one 
half of the bit time (P) and a return is made to the 
calling program which can start addi tional process- 
ing. 
At 
the 
completion 
of 
this 
time 
interval 
a 
timer 
overflow 
interrupt 
is generated. 
When the 
first interrupt 
is detected, 
the serial line is checked 
to ensure 
that 
it is in a spacing condition 
(valid 
START bit). If it is, the timer is set to P (to sample 
the middle 
of the first data bit) and a return 
is 
made to the program which was running when the 


All mnemonics 
copyrighted 
@ Intel Corporation 
1976, 


interrupt 
occurred. 
If the serial line has returned 
to 


the MARK state, a status flag is set to indicate an 
error and a return is made. On subsequent 
interrupt 
detection, 
the data is sampled, 
the timer is reiniti- 


ated, and control 
is returned 
to the program which 


was running 
when 
the interrupt 
occurred. 
When 
the 
last (i.e. STOP) bit is detected 
a completion 
flag is set and 
a return 
is made 
to the program 
running 
when 
the 
timer 
overflow 
occurred. 
By 


periodically 
checking 
the 
error 
and 
completion 


flags the running program can determine 
when the 


interrupt 
driven 
receive 
program 
has a character 
assembled for it. 


TIMER 


OVERFLOW 


Figure 19. Improved Serial Input Routine 


Using the timer to implement 
time delays as shown 
in 
Figure 
19 results 
in considerable 
savings 
in 


processing 
time; 
two 
problems 
remain, 
however, 


which must be solved before an adequate 
software 


solution 
to the problem 
of receiving serial code can 


be found. The first problem is that even though the 
delays 
between 
bit samples 
are implemented 
via 


the timer rather than program loops the loop con- 
struction 
is still used to detect 
the leading edge of 
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the START bit. Although 
this results in the waste 
of processing 
power, 
the second 
problem 
is even 
more 
serious. 
For 
longer 
messages 
the required 
accuracy 
of the clocks 
becomes 
more and more 
stringent. 
Using the sampling 
technique 
discussed 
a cumulative 
error 
of one half a bit time in the 
time at which a bit sample is taken will result in 
erroneous 
reception. 
The maximum 
timing error 
which can be tolerated 
and yet still allow proper 
detection 
of an I1 bit ASCII character 
is then: 


0.5*BIT TIME 
0.5P 
Emax 
= CHARACTER 
TIME - TIP 
= 4.5% 


where P is the period of single bit. The correspond- 
ing 
calculation 
for 
a 
32 
bit 
character 
yields: 


Emax = ~i~ 
= 
1.6% 


Since this calculation 
does not allow for distortion 
on the signals, it is obvious that either extremely 
stable 
clocks will be required 
or a more tolerant 
algorithm 
must be devised. This problem 
is parti- 
cularly serious at relatively high baud rates where 
the resolution 
of the counter (80/-lsecs with a 6 MHz 
crystal) 
becomes 
a significant 
percentage 
of the 
period of the received signal. At the 110 baud rate 
of the Teletype 
the 80/-lsec resolution 
of the clock 
allows 
a maximum 
accuracy 
of 0.33%; at 2400 
baud this figure is reduced to 3.8%. 


0 


Xl 
X2 
iNT 
RD 
WR 
RxD 
PROG 
Tl 
ALE 


P17 


},," 


Pn 
P16 
P26 
P15 
P25 
P14 
P24 
P13 
P23 
P12 
P21 
Pll 
P20 
PlO 


TO 
D7 


}"" 


D6 


'5V 
Vcc 
D5 
VDD 
D4 
ss 
D3 
PSEN 
D2 
Dl 


Vss 
DO 


EA 


":;" 


I: 


Figure 20. Detecting RxD Edges 
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Both efficient detection 
of the start bit and increas- 
ed timing accuracy can be obtained 
if the MCS48 
- 


can detect 
edges on the incoming 
received 
data 
(RxD). 
A hardware 
construct 
which 
allows 
this 
is shown in Figure 20. 


The received data (RxD) is Exclusive NORed with 
bit seven of port two and fed into the TEST (TI) 
pin of the MCS48. 
By manipulating 
P27 the pro- 
gram can now cause TI to be either 
RxD or RxD. 


(If P27 = I then Tl 
= RxD; if P27 = 0 then Tl 
= 
RxD.) Note that not only can TI be tested directly 
by the software 
but that 
it is the input 
which is 
used when the MCS48 timer is in the event counter 
mode. 
The significance 
of this will be discussed 
later. The relationship 
between 
TI, P27, and RxD 
is given by the Boolean expression: 


TI 
= P27 • RxD + P27 • RxD 


Figure 21 flowcharts 
a means of utilizing this hard- 
ware construct 
to avoid the necessity 
of wasting 
time in program loops to detect the leading edge of 
the start 
bit. The receive 
operation 
is initialized 
when 
the program 
desiring 
to receive serial data 
calls the INIT subroutine 
(Figure 21 a). Since INIT 
is going to manipulate 
the timer the first action it 
performs 
is to disable the timer overflow interrupt. 


Its next step is to set P27 to a logical I. Setting 
P27 in this manner causes the TEST I input to the 
MCS48 
to follow RxD. By setting up the receive 
circuitry 
in this manner 
a high to low transition 
will occur 
on TEST 
I when the RxD goes from 
the MARKIl';G to SPACING state (i.e. the START 


Figure 21a. 
Interrupt 
Driven Serial Receive Flowchart 
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Figure 2lb. 
Interrupt 
Driven Serial Receive Flowchart 


Figure 2lc. 
Interrupt 
Driven Serial Receive Flowchart 


bit 
occurs). 
By setting 
the 
timer 
to 
OFFH and 
enabling 
it in 
the event 
count 
mode, 
the 
INIT 
routine 
sets up the MCS48 
to generate 
a timer 
overflow 
interrupt 
on the next MARK to SPACE 


transition 
of RxD (the TEST 
I input 
doubles 
as 
the event counter 
input). 
Before returning 
to the 


calling program 
the INIT routine 
sets a flag (RDF) 


which will be cleared by the receive program when 
the requested 
receive operation 
is complete. 
INIT 
also sets a .value into a register called BCOUNT. 
The receive program interprets BCOUNl as follows: 


BCOUNT= 


Number of bits remaining 
to receive 


If set indicates that the 
START bit has not yet been 
detected 


If set indicates that the 
START bit has not yet been 
verified 


In order 
to request 
the reception 
of the 
II 
bit 
ASCII code INIT would set BCOUNT to 1100 101lB. 
The start bit has been neither verified nor detected 
and II bits (10 II B) are required. 


After INIT is called the reception 
of the individual 
serial data bits will proceed on an interrupt 
driven 
basis until a complete character has been assembled. 
When this occurs the interrupt 
driven program will 
set the RDF (Receive Done Flag) to a zero to indi- 
cate that it has completed 
the requested 
operation 
and then terminate 
itself. The procedure 
which is 


used 
to accomplish 
this is shown 
in Figures 21b 


and 21c. 


Since all operations 
of this program are the result 
of the occurence 
of a timer overflow interrupt, 
it 
is necessary to briefly review the interrupt 
structure 
of the MCS48. 
There are two sources of interrupt; 


an external interrupt 
which is the result of a logical 
zero signal applied to the INT pin of the MCS48, 
and 
an 
internal 
interrupt 
which 
is caused 
by a 


timer 
overflow 
condition. 
The 
timer 
overflow 


occurs 
whenever 
the 
timer 
is incremented 
from 
OFF H to zero whether 
it be in the timer or event 
count 
mode. When one of these events occurs the 


hardware 
in the MCS48 forces the execution 
of a 


CALL. This CALL has a preset address of location 
3 if it is due to the external interrupt 
and location 
7 if it is due to a timer overflow. 
If both of these 
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events occur simultaneously 
the external 
interrupt 
will 
take 
precedence. 
The 
CALL 
automatically 
saves the contents 
of the program counter 
for the 
running 
program 
and 
its 
PSW (program 
status 
word) 
on a stack the hardware 
maintains 
in RAM 
locations 
8-23. 
Although 
the hardware 
saves the 
program counter 
and PSW, it remains the responsi- 
bility 
of any interrupt 
driven 
software 
to make 
absolutely 
certain 
that 
it does 
not 
modify 
any 
memory 
locations 
or 
registers 
which 
are 
being 
used by the main program. 
The most convenient 
way of ensuring this in the MCS48 
is to dedicate 
the second bank of registers (RB I) to the interrupt 
driven 
program. 
One of these registers has to be 
used to save the accumulator 
(which is not part of 
the 
register 
bank) 
but 
seven 
registers 
remain; 
including 
two which can be used as pointers to the 
rest 
of the RAM (RO and RI). 
Note that 
if this 
approach 
is taken 
then these registers have to be 
allocated 
between 
the program which services the 
external 
interrupt 
and the one which services the 
timer overflow. This problem is somewhat alleviated 
by a hardware 
lockout 
which prevents 
the timer 
overflow 
interrupt 
from interrupting 
the external 
interrupt 
service 
routine 
and vice versa. This is 
implemented 
by locking out new interrupts 
between 
the time an interrupt 
is recognized 
and the time a 
RETR instruction 
is executed. 
The RETR instruc- 
tion is like a normal RET (return 
from subroutine) 
except that the PSW as well as the program counter 
is restored. 
The 
RETR 
instruction 
can be very 
much thought 
of as a return from interrupt 
instruc- 
tion in the MCS48. 


The receive program under discussion uses register 
bank I in the manner described. 
Whenever a timer 
overflow occurs (e.g. on the next MARK to SPACE 
transition 
of RxD after 
INIT is called), control 
is 
passed (by the hardware 
generated 
CALL) to the 
point 
lab led TIMER 
OFLO 
in Figure 
21b. This 
program segment immediately 
selects register bank 
I (RB I) and then saves the accumulator 
(A) in a 
location 
called 
ATEMP which 
is actually 
R7 of 
RB I. The program then tests bit seven of BCOUNT 
(R6 of RB I) to find out if a START bit has been 
verified (i.e. the edge of the START bit has first 
been detected 
and then verified to still be a SPACE 
one-half a bit time later. If BCOUNT [7] is a zero 
the START has been verified and the program pro- 
ceeds to set the timer to P (the period of the serial 
bit), get the current 
serial data into the carry bit, 
and 
then 
shift 
the carry bit into a buffer. 
After 
saving the data the program decrements 
BCOUNT 
and tests it for zero. If BCOUNT is zero the receive 
operation 
is complete 
so the program sets RDF to 
a 
zero 
and 
disables 
timer 
overflow 
interrupts. 


Whether or not BCOUNT is zero, control is passed 
to EXIT where 
A is loaded 
with ATEMP and a 


RETR 
is executed. 
Note 
that 
since the state 
of 
the flip flop which selects RB I is saved as part of 
the 
PSW, the execution 
of RETR 
automatically 
selects 
the register 
bank 
which 
was active when 
the interrupt 
occurred. 


If BCOUNT 
[7] 
is still set when it is tested, 
con- 
trol is passed to START (Figure 21c) where bit 6 
is tested 
to 
determine 
if the 
START 
has been 
detected 
yet. 
If BCOUNT 
[6] 
is set it indicates 
that this is the first occurrence 
of a timer overflow 
since 
the 
receive 
process 
was initialized 
by the 
1 


INIT subroutine. 
If this is so, the program assumes 
that 
the START bit has just started 
and therefore 
it sets the timer to one-half of a bit time (1/2 P), 
starts 
the 
timer 
in 
the 
timer 
mode, 
and 
clears 
BCOUNT 
[6] 
to indicate 
that the START bit has 
been detected. 
The next overflow will again result 
in the execution 
of the program in Figure 21 band 
again BCOUNT 
[7] 
will be found to be set. This 
time, however, 
BCOUNT [6] will be reset and the 
program 
will know that it should test the START 
bit to ensure 
that 
it is still a SPACE. This test is 
performed 
and if successful 
the timer is set for a 
bit period 
P and BCOUNT [7] 
is reset so that on 
the next occurrence 
of a timer overflow the pro- 
gram 
will know 
that 
it should 
start 
assembling 
serial bits into a character. 
If the test is unsuccess- 
ful, the subroutine 
INIT is used to reinitialize 
the 
receive program. 
In either case control is passed to 
EXIT where a return 
from interrupt 
mode occurs. 


This receive program, 
listings of which appear 
in 
Figure 22, allows the reception 
of serial characters 
transparently 
to the main running software. 
After 
INIT is called the main program 
has only to check 
RDF periodically 
to find out if there is data in the 
buffer 
for it. It would 
be fairly easy to 'double 
buffer' 
this .operation 
by providing a buffer which 
the receive program uses to deserialize 
the incom- 
ing code and a second buffer to store the assembled 
character. 
If the program 
would 
reinitialize 
itself 
upon 
completion, 
the 
reception 
of 
a string 
of 
characters 
could proceed 
in much the same way as 
it would if a status driven USART were being used. 


Although 
this program solves the first problem 
of 
software 
controlled 
reception 
(lack of efficiency) 
the 
second 
problem-sensitivity 
to 
frequency 
variations-remains. 
An example 
of a code which 
would be susceptible 
to this problem 
is the 31,26 
BCH code commonly 
used in supervisory 
control 
systems. 
(A 
supervisory 
control 
system 
is, 
in 
essence, 
a remote 
control 
system which allows a 
human 
or computer 
operator 
the 
control 
of a 
system via a serial communications 
link.) The BCH 
codes 
are 
used because 
of their 
error 
detection 
capabilities 
and are a class of cyclical redundancy 
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LOC 
OBJ 


.117 
•••• 
'112 
•••• 
••••..,. 
112' 
"24 


"'7 


.11' 
OS 
•• 
tElfIiF 


"I9'F[ 
llfA 
F223 


••• c 2307 
'"E 
62 


"'F 
SS 


IIl"A 


•• 
" 
F"7 
"'25615 


"'''' 
A1 


1t'5892. 
U" 2. 
•• ie 
67 
"'92' 


•• 
,011 £Elf 


lI,e 
882<4 
litE 
27 
It,F 
A, 
112' 3S 


tl21'''Y 


•1 
•••••••••••••••••••••••••••••••••••••••• 


a 
3· 
S•, 
•e 
" 
. 


" 
12 ; 
13 ; EQUATES 
'4; 
------- 


IS 


16 
ATE/'P 
[QU 


17 
BCOUIoIT 
EQU 


18 
COUNT 
EQU 


19 
RII 
EQU 


2. 
BITHO 
[QU 
21 p 
[00 
22 
SERBJr 
EOU 


23 
RDf" 
nu 
•• 
2S 
; 
---------.---.-.-------------------------- 


26 
; COHTRtJ.. PASSEO 
HERE IoH:H 
Tlfo£R 
OFlO 
occws 
27; 
------------------------------------------ 
,. 
ee 
31 
31 
II't.IECt 
SEl 


32 
""" 
33 


3< 


3S 
36 


37 


38 
39.. 
4' 
SLLB: 
STAT 
" 
43......".... 


so 
SI T1SRD: 
JoIN 


52 
SLOOP: 
ICH 
S3 
IIIIC 


5" 
XCH 
SS 
56 
57 
58 
S.., 
.' 
62 
63.. 
os 
••., 
••••" 


S£Q 
SOURCE 5TAT[/'£"T 


SERIAL 
INPUT 
USIHG 
THE 
MCS·4e 
THIS coO( 
ASSUOES 
HAADoWH: 


SKWt 
'N ne. 2'. 
TO US( 


THIS 
ROUTINE 
CAll 
HIlT. 


IoK:H Aor ot 
THE 
ASSO'll 
..ED 


CttARACT(1I 
WILL 
BE 
IN 
SERBJr 


0'••0'0'•" 
2IH 


24H 


; 
STORAGE 
fOR 
A DUIWtG I MTERUPT 
; CQtlTAIHS 
Hl..l'ElEIl 
OF' BITS 
'" 
f'1SG 


; 
uTILITY 
COl.IHTEA 


; POIHT[A 
HI..•••&U 
or BITS 


; 
5N'PLE 
PER IOD 


; 
SEA I AI.. 
EklFf[A 


; 
R(CEIVE 
DOH[ fLAG 


,,23fE 
11240237 


1126 5635 


1128 2)07 
112A 62 
1128 SS 
f.2C 
9A7F 


•• 2£ '5 
fl2f 
re 
•• 3. S37f 
,.32 
AB 
"33 .",y 


1135 
'441 


113723£C 
1139 62 
•• lA 
55 
IIlB re 


113C 
53Br 


IIlE 
AE 


U3f 
rr 
"4193 


11'" 
)S 


""28A8. 
U4423H 
"~62 
114745 
••.• a 882<1 
••.••A BI., 


lI"Ie 
B81[ 
"4E 
B.C8 
1151 
25 


1151 
93 


71 
START: 
I'ID\I 


72 
.186 


73,. 


7S,. 
" 
78 


79.,.,., 
.3.. 
as 
••., 
•••••• 
at 
92.3.. 
os 
96 
SLlD: 
CALL 
HilT 


97 
•••• 
'"'"'" 
"3 
SLLC: 
I'ID\I 


"4 
MOV 
'.S 
STAT 
,.. 
""" 
117 
AHL 


118 
MOV 


11'3 
; 
END; 
1" 
; 
'"EXIT 
IHTEItUPT 
I'CJOCo, 


I11 
5£.IT; 
I'ID\I 
A,ATEI'F 


\12 
AETR 


'" 
11<11; 
---------------------------- 
os 
INTIALIZ£ 
IHX.ITlf'IE:- 


"6 
; 
STARTS 
R£CE 
IV[ 
PIlOCESS 


117; 
-----------,,---------------- 
". 
" e 
ra 
'" 
taa 
taa 
'" 
"5,,. 
'" 
see 
res 
131 IHlt: 
015 


131 
ORl 


132 
MOV 
133 
1'10II 


13<1 
STAT 


135 
MOV 


'36 
""" 
137 
I'IJV 


'38 
"'" 
139 
EN 
'''1 
~T 
'" 
'""3 


A,BCOUHT 


sue 
IX" 
If 
T[sn", 
THEN 


suo 
01" 


T1I'1J!·P; 
START T1I'£A; 
P27.,; 


E. 
I 


DCCk.lHTl1Jo.; 


END; 


"'" 
""" 
STRT 
•... 


E• 


""" 
.Hl 


"""..." 


A•• 
·P 


T •• 


T 
P2,.7FH 
I 
A,BCOUHT 
A,.KH 
BCOI.JHT,A 
SUIT 


OIIG 
17H 


ELS< 


00, 


CALL 
IHIT: 


[HO: 


ELS< 


00, 


TlI'IER-PI2: 


START 
TlM£R: 


BCOUHT!61o,; 


[HO: 


A,#-(PI2) 


T •• 


T 
A,BCOUHT 


A ••• 
&rH 


BCOUHT 
,A 


I!'IIT: 
PROCEDUR[: 


00, 
DISA9..[ 
INTERRuPtS; 
P27'1; 


TIf~:I!'''; 
START 
[\I[NT 
COUNT; 


lior-,: 
BCOUHT,'C'H 
OR 
BITHO 
[MD; 


[MD 
lloUT: 


reHTl 
P2.#8'H 
A,II·1 
T.' 
C.T 
RXI,_liLY 
@RU,#,'H 
lut,#I[H 
: PQIPHAT 
BCOl.IHT 


ORU. "ue'N 
OR 
BITNO) 


Te,.T] 


,"0 


Figure 22. 
Interrupt 
Driven Serial Receive Program 


codes such as those used in synchronous 
data com- 
munications 
(e.g. BISYNC or SDLC). BCH codes, 


named 
for their originators 
Bose, Chaudhuri, 
and 
Hocquenghem, 
are characterized 
by having a length 
of n=2m-l. 
The number 
of redundant 
check bits 


can be mt where t is a positive integer (clearly mt 
';;;n). The 31,26 code fits this format with m=5 and 
and t= I. The length of each message is'n=25- 1=31 
with 5*1 redundant 
bits, leaving 26 bits available 
for data 
transmission. 
With an appropriate 
poly- 


All mnemonics 
copyrighted 
@ Intel Corporation 
1976. 


OS, 


AT["" 
,A 


; 
IF 
BCOUHTt7)o' 
THEN 


A,a:OUHT 
START 


A,#-P 
T.' 
START 
TlI"ER 


"CARRV-RIO"' 


CARRY'P27 
IHOR 
TEST1: 


I• 
••. c 
'" 
,PC 


A,P2· 
TISRO 
C 
,"SHIFT 
CARI'O!V INTO 
surFER"' 


RUoSER9JF' 
: 


~T 
I'1£I'IUXi): 


II:XI, 
_SEaElJf 


A •• 
"XI· 
A,OflU 


BCOUHToacOUlH 
-1; 


IF 
BCCMlTo, 
THEN 
BCOUtH ,SEX IT 
00, 


Ror·.; 
DISA9..E 
[X 
!I'll: 


EHD: 


""" 
CLO 


""" 
DIS 


RU, #ROf 
· 
O!lIl,A 
TCNTI 
: 
[ND; 


SElIT 


; 
[LS[ 


; 00; 


If 
BCOUKT[61'" 
THEN 


nominal 
BCH codes can detect all errors consisting 
of 2t error bits and all burst errors of mt or fewer 
bits. The 31,26 BCH code will therefore 
detect any 
erroneous 
messages with I or 2 errors or bursts of 
errors of less than 5 bits. The 31,26 format (shown 
in Figure 23) requires 
the reception 
of a start bit 
followed 
by 31 information 
bits, clearly beyond 
the capability 
of the USART but perhaps 
within 
reach of a program controlled 
approach 
using the 
MCS48 itself. 


1-18 


infel· 
AP-24 


Figure 23. 31.26 BCH Code 


A concept 
which reduces 
sensitivity 
to frequency 
deviations 
and thus allows the reception 
of longer 


codes is shown 
pictorially 
in Figure 24. The first 
line of this timing chart shows an alternative 
ones 


and zeros pattern 
on the RxD with a period of 5 
milliseconds. 
The 
second 
line 
shows 
that 
by 


sampling 
at a period of exactly 
5 milliseconds 
the 
data 
can be properly 
interpreted. 
The third 
and 
fourth 
lines show the effects 
of sampling 
with a 
period of six and four milliseconds respectively. 
In 
either 
case, an error 
occurs 
at the third 
sample 
where both 
periods 
result 
in sampling on an edge 
of the 
RxD signal. The 
third 
line of Figure 
24 


shows a hybrid 
sampling 
scheme which, based on 
some 
additional 
information, 
switches 
sampling 
periods between 
the two values. As can be seen in 
Figure 24, the data is sampled with a 4 milli.second 
period until the sampling begins to fall behind the 
data; at this point the sampling period is increased 
to six milliseconds 
and the sampling 
first catches 
up and then passes the center point of the data. As 
soon as this happens, 
the sampling 
period reverts 
to the 4 millisecond 
period and the cycle repeats. 


It can be seen that 
this scheme 
sets up a pattern 
which 
repeats 
indefinitely 
and 
the 
data 
can be 
successfully sampled. Note that the sampling pattern 
established 
is alternating 
periods 
of four and six 
milliseconds. 
The average period of this pattern, 
as 
might be expected, 
is 5msec. Line 5 of Figure 24 


shows the effect of a change in transmission 
speed 
to a period 
of 5.5 msec with 
no change in the 


sampling time. The sampling is again successful but 
the new sampling 
pattern 
is 4-{j-6-{j; 4-6-6-6, etc. 


Note that the average sample is again equal to the 
period of the received data (5.5). While this scheme 


1 
5m5eC 
PERIOD 


5msecSAMPLE 


2 
5msecPERIQO 


6msecSAMPLE 


3 
5mwc PERIOD 
4mwcSAMPlE 


4 
5msec 
PERIOD 
HYBRID 
SAMPLE...J~~~~'...L:!!...l..!..L.!U~---2.J..!.L.2...L 


5 
5 5msec 
PERIOD 


HYBRIDSAMPLE--1~.!...l...2.--'--~...!!.....L...2...J...:'c.L.C!....L...!!....~--L!-'-- 


Figure 24. Various Sampling Alternatives 


does seem to work, the question of what additional 
information 
is needed remains. 


The MSC-48 must somehow decide when it is drift- 
ing out 
of synchronization 
and 
take 
corrective 
action. 
By referring 
back to Figure 24 it can be 


seen that if the MCS-48 could determine 
where the 
edges of RxD occurred with respect to its sampling 
times 
then 
the 
additional 
information 
would 
be 
available. As can be seen in the figure the choice of 
sampling period can be based on the following rule: 


If an edge on the RxD 
line occurs during the 


first half of the current sampling period. then 
use the short period for the next sample. If an 
edge occurs during the second half of the period, 
then use the long sampling period for the next 
sample. 


If the data on the RxD line does not change, of 
course, the MCS-48 will drift out of synchronization 
just as the original algorithum 
did. As long as edges 


occur 
on TxD, 
however, 
synchronization 
can be 
maintained. 
To 
maximize 
the 
allowable 
time 
between 
edges, 
the 
following 
addition 
could 
be 
made to the above rule: 


If no edge occurs on the RxD 
line during a 


sample, then change sampling period from short 
to long or vice versa. 


Note 
that 
this addition 
to the rule will result in 


using an average of the two sampling periods when 
no edge occurs for several bit times. 


The edges of RxD can be easily detected 
by the use 
of the same structure 
(the Exclusive - 
NOR gate) 
which was added to the MCS-48 in Figure 20. This 
gate, 
which 
is used 
to detect 
the edge on RxD 
which begins the START bit, can naturally 
be used 
to detect any edge. Since the timer is being used to 
time the bit period, however, the event count input 
(Tl) 
is not useful during the receive itself. By con- 


necting 
the output 
of this gate, however, 
to the 
rnT input 
to the MCS-48 (see Figure 
25) it is 


possible 
to detect 
edges on RxD with the event 


counter 
when the program 
is trying to detect 
the 
START bit and by the external interrupt 
when the 


program is using the timer to control the sampling 
times. 
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0 


xt 
xz 
R5 
'NT 
ViA 


T, 
PAOG 
ALE 


P" 


I""" 


P" 
p,. 
P,. 
P,. 
P25 
P" 


p,. 
P" 
p'J 
P" 


P" 
P" 
P,O 
PlO 


TO 
0, 


}'"' 


D. 


VCC 
0, 


VOO 
D. 


SS 
DJ 
PSEN 
0, 
0, 


VSS 
DO 
,. 
RESET 


D 


.,V 


Figure 25. 
Modified 
Edge Detection 


A modification 
to the program of Figure 21 which 
implements 
this new sampling 'algorithm is shown 
in Figure 26. The first deviation 
from the original 
program is the addition 
of a routine (XISR, Figure 
26a 
which 
is called when 
an external 
interrupt 
occurs 
(i.e. when 
an edge occurs on RxD). This 
routine saves the status of the running program and 
then stores 
the current 
value of the timer register 
in a location 
called 
SNAP (RS of RB I). After 
doing these operations 
the program 
complements 


bit 7 of port 
2. Manipulating 
P27 in this manner 
will cause the Exclusive NOR gate to turn off the 
external 
interrupt 
and will set it up to generate 
another 
interrupt 
when the RxD line changes again 
(has another edge). 


Figure 26a. Hybrid Sampling Flowchart 


Because of this edge detection 
it is important 
to 
condition 
RxD with hardware filters to ensure that 
the edges of RxD are clean. Any ringing will cause 
repeated 
CALLs to XISR and probable 
erroneous 
operation. 
The 
changes 
to 
the 
START 
process 
(Figure 26c) are two-fold; first the TIMER is set to 
one half 
the average of the 
two sample periods 
when 
the START bit is first detected 
(BCOUNT 
[6) 
= I), and second 
the processing 
of the edge 
information 
is initialized 
by presetting 
SNAP and 
clearing P27. 


SNAP is preset so that when the reception 
of data 
actually 
begins (Figure 26b BCOUNT [7) = 0), the 
decision 
block 
which 
tests 
SNAP against 
LIMIT 
will be initialized. This block actually compares the 
value in SNAP with a LIMIT value which is used to 
determine 
if the sampling point is ahead or behind 
the 
actual 
midpoint 
of 
the 
serial 
data. 
If the 
sampling 
is ahead 
then the timer is set for TMIN; 
if the sampling 
is behind then the timer is set for 


NO 


~--------~---~ 
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Figure 26b. Hybrid Sampling 
Flowchart 
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EXIT 


Figure 26c. Hybrid Sampling Flowchart 


TMAX. By presetting 
SNAP in the manner shown 
in the flowcharts 
the second rule of the algorithm, 
(if 
no 
edge 
appears 
on 
the 
RxD 
line during 
a 


sample, 
then change the sampling periods short to 
long or vice versa) is automatically 
met. If an edge 
occurs 
then XISR will modify 
SNAP, if XISR is 
not invoked between 
two samples then the choice 
of 
timer 
periods 
will alternate. 
The 
only 
other 
significant 
change to the algorithm is that the INIT 
routine 
must now lock out all interrupts, 
not just 
the timer overflow interrupt, 
while it is operating. 


A program 
which uses this algorithm 
to receive a 
32 bit message is shown in Figure 27. 


LOC 
OBJ 


'''1...• 
I •• S"'l 
•••• 
U21 
Ut •• 
"OS 
""" 
rrrc 


112. 
112<1 


"'31466 
ee.s 
93 


1116 os 


'''7 
Af 


'U8 
FT 


"'9 
F236 


illS 
fO 
lI,e 
1314 
•• lE 
F217 


11,. 2309 
111262 
1113 
8013 


1I1S141C 


11172305 


scn 
SOUflC[ 
STATEMENT 


I 
I 
•••••••••••••••••••••••••••••••••••••• 
, 
3, 


5 
6 


7• 
9 


" 
NOTE: 
t t 
" 
ta,. 


"'6 
17 
•••••••••••••••••••••••••••••••••••••• 


ta 
19 ; 


2. 
; 
EQUATES 


21; 
------- 


ea 


23 
ATE"" 
[00 
2" 
BCOUHT 
[QU 
es 
StW' 
[QU 


26 
eOlitH 
[QU 


27 
IlXO 
[QV 


18 
BITHO 
[OV 


29 
LIMIT 
EQU 


3. 
TMAX 
EaU 


31 
TMIN 
EQU 


32 
HALF 
EQU 
3) 
SE1l9Jt 
[QU 


)4 
IlDr 
EOU 
3S 
)6 
: ------------------------------- 


37 
; 
COI'ITIWl 
PASSED 
HER[ 
01'1 [lIT. 
1Nl 


38 
: 
------------------------------- 


39.. 
" 
42 
[IVEC: 
CALL 
X!SR 


43 
RETIi 
.. 
"5; 
----------------- .......•.••.•.... 
--... 
-- 


~Ei 
; 
COHTROl 
PASSED 
H£RE 
IoI-IEN Tlf'I£R 
OF'LC 
OCCURS 
~7 
; 
•••••••••••• 
-.--~---.--.------------ 
------ 
.. 
-e 


S' 
T1't.I(C: 
S£L 
RBI 


SI 
1'101.I 
ATEfoF,A 


S2 
, 
If 
BCOUHTl71-' 
THE" 


S3 
1'101.I 
A,BCOUtIT 


S~ 
JB7 
START 


ss 
56 
57 
58 
59 
61 
61 
6' 
63 
6' 
6S.. 
67 
•• 
6' 
71 


71 
72 


73 
SLLA, 
f'I1;I 


SERIAL 
INPUT 
VSIHCt 
MCS-48 


TH I 5 
CCDE 
ASSlKS 
HAR[WARE 


SHCWi 
IN 
FIG 
2S. 
PR()GRAM 


IS 
SIMILAR 
TO 
PREVIOUS 


ONE. 
A MORE 
SOPHISTICATED 


SAl'PlIHCt 
AUiORITI-f'I 
IS 
USED 


A 
PL/M 
LIKE 
LAI'IGUACoE WAS 
USED 


TO 
CCJoM:"T 
THIS 
LISTING 
AND 


SEvERAL 
OTHERS 
I" 
THIS 
HIlTE. 
HIl 


C(J"PILER 
EXISTS 
FOR 
TH£ 
...cS-48. 


TH[ 
CCf'KNTS 
WERE 
'HAND 


CCJ"f'ILED' 
INTO 
ASSEMil..Y 
CODE 


'7 
R6 
os., 
"32" 
-<3 
·39-" 
"H 
"H 


, 
STORAC.£ 
fOlil 
A OI.JQIHG 
INTERUPT 


, 
CONTAINS 
Hl.f'tS£R 
OF' 
BITS 
IN 
f'I5G 


1 
TAKES 
T IMU 
SNAP 
SHOT 
ON 
IUD 
EDGE 


: 
UTILITY 
COUNTER 


: 
POINTER 


1 
NlJ'I8[R 
OF 
BITS 


1 
TEST 
VALU£ 
FOR 
MINIMA. 
SA/'PlIHG 


; 
!'lA. 
SAl'PLE 
PERIOD 


, 
MINll'U'I 
SAl'PLE 
PERIOD 


; 
HALF 
tiO'IIHAL 
PERIOD 


; 
START 
er 
SERiAl 
BUFfER 


: 
RECE] 
V'( 
OOHE 
fLAG 


I3H 


, 
CALL 
SERVICE 
ROUTINE 


: 
'"ENTER 
IMT(RUPT 
f'IlDE"' 


1 
DO: 
IfSNAPcLIMITTH(N 


""" 
ADD 
J.7 


A,SNAP 


A,#LIMIT 
SUA 
00, 


TlMER-""IN: 


SHAP-lIMIT": 


EHD; 


A, #"01IN 
T,A 


SNAP, 
#lIMIT-I 


"-L. 
ELSE 
00, 


T1MER-TMAX, 


SNAP-LIMIT-I; 


(NO; 


A,#Tl'lAX 


Figure 27. 
Hybrid 
Sampling Program 
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LCC 08J 
SEa 
SOI.IRCESTAT£r-£HT 
LCC 08J 
SE' 
SOURCE5TAT£I'£"'T 


"1962 
7< 
""" 
T,A 
•••• 
A 
•• SO 
'<43SLLD: 
CALL 
IMIT 
filA 
BDI) 
75 
""" 
SHAP,#LlMIT-' 
,« 
ELSE 


76 
START Tlf'lER; 
... 
00, 
••ic ss 
71 SLLB: 
STRT 
'<6 
TII'I:R-(TI'IIHoTI'IAX)/2; 
78 
/·CARIi!Y·'U:O'/ 
'47 
START TIMER; 
,. 
CARRY.P27 XO!itTESTt; 
... 
BCQl.IoIT[&I-'; 


11'0 
'11I 
•• 
lit 
A,P2 
... 
£MOl 


IIIE 
rr 
., 
III.C 
A 
".C 
2lEC 
151 SLLC: ..., 
iII.#HoIILF" 
"'f 
4622 
82 
-"', 
TlSltD 
•••• r 
62 
'51 
..., 
T,A 
112111I1 
.3 
CPL 
C 
•••• , 
55 
'52 
STIlT 
T 
.. 
"SHIfT 
CARAY!PHO BUFFER'I 
,.5. FE 
153 
..., 
A,8COUNT 
ss 
A•.• ·S(ABUFl 
,.51 
53Bf 
'5< 
.... 
A, •••• 
,.. 
86 
COUNT-••, 
IIS3 A( 
15S 
"'" 
BCOUHT,Ill 
.7 
DO IoIillE 
COU'+TU'; 
,so 
; 
[NO, 


•• 
RSHFT I'IEI'IUXO); 
'57 
, /'(l1T 
INT(IWPT 1'1)0(" 
89 
RU-JUI-'; 
•• 54 
FT 
158 SUIT: 
..., 
A,ATE"" 
•• 
CCIUPIT-COUHT-l: 
•• SS 93 
15' 
,"", 
., 
END; 
,.. 


11221182. 
92 TlSAO: ..., 
Al', 
#SU9JF 
,., 
---------------------------- 


1124 
BA." 
., 
..., 
CIlU'fT, 
•• 
162 ; 
IHTlM.IZE 
ROUTIH[- 


1126 
28 
•• 
SLOOP 
lOlt 
A,RU 
163 ; 
STARTS 
RECEIVE 
PIKlC£S5 
112767 
95 


"" 
A 
'6< , ------------------.--------- 


1128 
2. 
96 
lOlt 
A,.AU 
,.. 
•• 29 18 
97 
IHt 
'" 
'66 
INIT: 


1t2A 
(A26 
•• 
OJltZ 
CO~T ,SLOOP 
"7 
PROC[DI.Ji(; 


99 
BCOUtolT 
-BCOUHT• I ; 
'68 
00, 


'" 
IF BCOU,NT-ITH[N 
,ss 
D[SA9..[ 
[NTUUPTS: 


112C E(S" 
"' 
0"" 
BCOUNT,SEX[T 
170 
P27o': 


112 
00, 
17' 
T1I'1(Ro.,: 


113 
RDFol; 
172 
START [VENT COONT: 


"' 


O[SA9..( 
El 
INT: 
173 
Raro': 
1IS 
, 
EKO: 
,7< 
BCO.JtU-'CIt4 
OR BITI'tO 


1t2E an.• 
'06 
..., 
RU,_ROf 
17S 
EHO: 


113127 
'17 
CL. 
A 
'76 
END UHT; 


1t3\ 
A' 
11. 
..., 
ORU,A 
1156 
15 
177 II4IT: 
DIS 
I 


11323S 
11. 
DIS 
TCNTI 
ItS73S 
'78 
DIS 
TCNT! 


113315 
"' 
DIS 
I 
llsa 
8A86 
17' 
0" 
P2,_8IH 
11' 
, EHD, 
IISA 
2)f"F 
,.. 
..., 
A, _.1 
113 •• , ••5•• 
112 
.•.. 
SEXIT 
IISC 
62 
,., 


""" 
T,A 
113 
, ELSE 
ItSO 
4S 
,.2 
STRT 
CltT 
"' 
, 00, 
llSE 
11824 
'.3 


""" 
RU, 
.ROf 


'15 
IF 9COUttTI6)ol 
THEN 
1161 
1'9 
,.. 
""" 
A,11 


1136 
FE 
"6 
START: ..., 
A,9COI.JHT 
'16' 
AI 
'85 
..., 
OIilI,A 
1137 
OZ"C 
'17 
JB6 
SLLC 
.062 
2S 
'86 
[It 
TCNTI 
118 
00, 
1t63 
EEl 
,.7 
..., 
ElCOUKT,_ICIM 
OR BIn«) 
"' 
IF T{ST1-1 
THEH 
It6S 
83 
1118 
II(T 


1139 
S6-4A 
'20 
JT1 
SLLD 
'89 


12' 
00, 
19. 


122 
TlJ'£RoTl'tIH; 
19' , ........................ 
123 
START TlJ'£R; 
192 ; 
IHTEliUfl'TSER'V1CEROUTlHE: 


'2< 
SNAP-UfoIIT.,: 
193 , ........................ 


12S 
P27-1; 
,9< 
, X[SR: 
126 
[It I 
'95 
PROCEDURE; 
127 
BCOONTC7Jol: 
'96 
00, 
'28 
END; 
'97 
'"ENTER 
INTERUPTI'IOOP I 


•• 3B 2309 
'20 
""" 
A,.Tl'tUt 
t •• 
Sf4Af'oTII'IER; 


•• 3062 
130 
..., 
T,A 
'99 
P27-rtQT P27; 


ItX 
SS 
13' 
STRT 
T 
211 
(PtO XISR: 


"31' 
11)15 
132 
..., 
SHAP,.L)J"!lT.' 
.166 
os 
211 
X1SR: 
"L .., 


•••• '9A7F 
133 
.... 
P2,.7'FH 
1167 
,.; 
212 
..., 
.AT£f"P,A 


•••• 3 IS 
,3< 
[It 
I 
1168 
42 
213 
..., 
A,T 


•••••• FE 
'35 
..., 
A,9COUHT 
1169 
AD 
2•• 
..., 
SHAP,A 
•••• 55371' 
'36 
.... 
A, .7FH 
116#1 lA 
2IS 
lit 
A,P2 
•••• 7AE 
137 
I'tN 
BCOUHT,A 
11GB 0381 
206 
." 
A,.aIH 
•••• a '''5'' 
'38 
...• 
SEXIT 
•• 60 3A 
217 
OUTL 
P2,A 
13' 
ELSE 
1t6E 
1'1' 
••• 
..., 
A,AT{"'" 


'"~ 
00, 
II6f' 
83 
219 
II(T 
,,, 
CALL INIT; 
211 
; END or 
PROOIiAl'l 
"2 
EKO: 
211 
[Ita 


Figure 27. 
Hybrid 
Sampling Program 


All mnemonics 
copyrighted 
@ Intel Corporation 
1976. 
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TRANSMITTING 
SERIAL CODE 
indicated 
in all but the most cost sensitive applica- 
tions. 
An exception 
to this rule occurs 
when the 
system, 
although 
full duplex 
in nature, 
actually 
transmits 
the same data as it receives. An example 
of this is a microprocessor 
driving a terminal 
such 
as a Teletype. 
Although 
the circuit to the terminal 


is full duplex, the data that is transmitted 
is generally 
the same as that received. A minor modification 
to 
the program shown in Figure 26 would implement 
this mode of operation. 
The modification 
would be 
to the XISR 
routine 
and it would add the code 
necessary 
to place the TxD I/O pin in the same 
state 
as the RxD line. Since any change in RxD 


results 
in a call to XISR, this modification 
would 
cause 
the 
retransmission 
of 
any 
received 
data. 
Whenever 
it becomes 
necessary 
to transmit 
data 


which is not being received, the program of Figure 
28 could be used in a half duplex manner. 


Serial transmission 
is conceptually 
far simpler than 


serial reception since no synchronization 
is required. 
All that is required 
is to use the timer to generate 
interrupts 
at the bit rate and present the character 


to be transmitted 
serially at an I/O pin. A program 


which does this is shown in Figure 28. The trans- 
mission of serial data becomes much more compli- 
cated ifit must occur simultaneously 
with reception. 


If both 
reception 
and" transmission 
are to occur 


simultaneously 
then 
obviously 
contention 
will 


exist for the use of the timer. It is possible to allow 
the 
simultaneous 
reception 
and 
transmission 
of 


serial data using the timer as a general clock which 
controls software maintained 
timers. The attainable 
baud 
rates 
using 
such 
techniques 
are, however, 


limited and the use of a 8251 USART is probably 


sec 
SOURCE 
STAT[~NT 
LO< 
OB, 
sea 
SOUIi'C[STATEI'£HT 


"'I' 
lA 
)7 
'" 


A,P:2 


SUIAL 
TIlAliSl'lIT 
OM TH( 
MCS48 
"" 
038. 
J8 
,"- 
A, _elH 


"'2)1'1 
se 
DUll 
P2,A 


to 
USE 
PuT 
A CKAI1 
IN 
surI' 
AND 
"') 
1'619 
.. 
.s: 
BITOH 
SET 
CtiARA ..•• TO 
.rrH. 
IoI-I[H 
TH( 
"'5'3AEf" 
" 
..•. 
P2,ltCBlT 
, 
TRANSMITTER 
IS 
R[AD'f 
rOR 
ANOTHER 
1111 
."'B 
" 


...., 
EXIT 
.. 
CHAIl 
IT 
WILL 
CLEAIl 
CHARAv, 
T", 
"'9 
BAI' 
4381TON: 
OI!L 
ea. 
IfSBIT 
, 
TRANSMISSION 
IS 
DOU9..E 
surf"[I1(O. 
"'8 rr 
unIT: 
"'" 


A,AT£I"P 


B 
eeic 
93 
'5 
R£T1i 
, 
.. 
" . 
., 


· 
------_ 
.............. 


" 


(GUATES 
'B 


· 


BIT 
ROUTINE 
ta 
.. 


· 


·PICI(S 
THE 
NEXT 
BIT 
TO 
TRANSMIT 
" 


se 
-----.-._.---- 


lle7 
14 
AT[MP 
to" 
" 


STORA(,( 
rOR 
A 
DuR]J'OC. 
[HT. 
s r 
18116 
15 pros 
rcu 
se 
; 
PARALLEL 
TO S(ltlAl 
COf'N(IlT(l1 
•• to r a 
52 
BIT: 
MOV 
A,COUNT 


IUS 
16 
BUrr 
to" 
es 
; 
CHARACTER 
BUfFEIl 
"'E 
C627 
53 
" 


IOU 


Ill." 
17 
CHAIlAV 
EO" 
.. 
: 
CHA~ACTE~ 
AVAILAB..E 
rLAG 
..2. 
re 
5' 
MOV 
A,PTOS 


1113 
re 
C()UrIT 
EO" 
" 


•• BIT 
COUtHE~ 
1121 
67 
55 
eec . 
'eEr 
19 
C81T 
reo 
'En~ 
; 
MASt( 
TO CL[A~ 
UO 
I" 
P2. 
1122 
OB. 
'" 


OI!L 
A,ItB'H 


Ill' 
21 
SBIT 
EO" 
1111'1 
/"lASt( 
TO 
SET 
UO 
'''' 
P2. 
112.AE 
57 
MOV 
PTOS,A 
H07 
" , 
EO" 
-" 
; 
P£~JOO 
or 
TlO 
1125 
CB 
58 
[)(C 
C••••• T 
22 
1126 
B) 
59 
err 


23 
.................. 
.0 
,. : 
COtH~Ol 
PASSED 
H£1i'( 
Of* TJI'I£~ 
~RrLCw 
112797 
., IDlE: 
CC, 
C 
25 . .... 
, .......................... 
1128 
rc 
se 
MOV 
A,CHA~AV 


U,1 
es 
1129 
9620 
ea 
.JHZ 
GOT"'" 
" 


; 
[HT[~ 
]HT[~uPT 
MCID£ 
1129 
I'll 
.. 
C"- 
C 


U,1OS 
29 
TorLO: 
sn, 
'B' 
lilt 
B) 
.5 
er t 


U.8 
Ar 
es 
MOV 
ATEI"P,A 
.. 
" 
. SET 
TII'£~ 
rOR 
P 
1120 
FO 
67 
GQT[)HE, 
MOV 
A,BUfF 


11192)07 
" 


MOV 
A,ItP 
"2E 
AE 
•• 
MOV 
PTOS,A 


eU962 
32 
MOV 
T.' 
112r 
99'A 
ee 
MOV 
COUHT,It18 
u.e ss 
)) 
stet 
r 
U)1 
BC" 
" 


MOV 
CHA~AV, 
It, 
,. 
: 
GET 
8IT 
]HTO 
CA~~Y 
11))83 
" 
err 
IUO 
1.10 
35 
CALL 
BIT 
" 
. 
[HO 
or 
P~oc.AAM 
,. 
: 
SET 
UO 
TO 
CA~~Y 
" 
"0 


Figure 28. 
Serial Transmission 


All mnemonics 
copyrighted 
© Intet Corporation 
1976. 
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GENERATING 
PARITY 
Many communications 
schemes require the genera- 


tion and checking 
of parity. 
If a USART is used 
it can be programmed 
to automatically 
generate 
and check parity. If the communications 
is handled 


by software within the MCS-48™ then the program 
must 
perform 
parity 
calculations. 
Calculating 
parity 
is easy if one remembers 
what parity really 
means. A character 
has even parity if the number 
of one bits in it is even. A character 
has odd parity 


if it has an odd number 
of ones. The program seg- 
ment shown in Figure 29 can be caused to calculate 
parity. It starts by setting a loop count to eight and 


Lot 
OBJ 
S(Q 
SOURCE 
STATEMENT 


"'2 


•·2; 
•••••••••••••• 


3 ; 
•• 
; 
PAj;tITY 


5; 
THIS 
PRQC.RAI'I 
CoENU!AT£S 
PAlillTl 


6; 
OH 
TH( 
ACCl"AATOA 


1; 
CARRV 
WILL 
B£ 
SET 
IF' 
A 
HAS 
ODD 
PARIYV 
·; 
'3; 
•••••••••••••• 
.. 
" 
12 
; 


I) 
; 
EQUATES 
14: 
--. 
• 


" 
16 
COUHT 
mu 
" 
18 
PAIi!: 
osc 


te 
...", 
2. 
CLIi! 
" 
ea 


23 
LOOP: 
RA 
2<1 
JBt 


25 
CPL 
27 


20 


" 


I'll 


.," 
BAIS 


.lt297 


'UH 
COUNT ,:r8 


C 


: 
SET 
LOOP 
COUNT 


; 
INITIALIZE 
CARRY 


; 
rOR 
EACH 
ZERO 
BIT 
IN 
A 


; 
CCl'IPLEMOH 
THE 
CAIilA'f 
flAG 


11.377 
1".'2'7 
".6 
A7 


A 
OV£. 
C 


'"0 


Figure 29. Parity Generation 


clearing the CARRY flag. After this initialization 
a 


loop is executed 
eight times. During each execution 
the accumulator 
is rotated 
and the least significant 
bit is tested. 
If the bit is a zero the CARRY flag is 


complemented, 
if the bit is a one no further action 


is taken. Since an even number 
of zeros implies an 


even number 
of ones 
for an eight bit character, 
after 
all eight 
loops have been accomplished 
the 


CARRY 
bit will be set if an odd number 
of ones 
were encountered; 
it will be reset if the number 


were 
even. 
Since 
the 
RR 
instruction 
does 
not 


involve CARRY 
the net 
result 
of executing 
this 
program 
loop 
is to set CARRY 
if parity 
is odd 


without 
effecting the character in the accumulator. 


CONCLUSION 


This Application 
Note has presented 
a very small 
sampling 
of 
the 
application 
techniques 
possible 
with the MCS-48™ 
family. The application 
of this 


new single chip computer 
system 
to tasks which 
have not yet yielded 
to the power 
of the micro- 
processor will present a fascinating challenge to the 
system designer. 


All mnemonics 
copyrighted 
© Intel Corporation 
1976. 
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INTRODUCTION 


Ap·40 


This application 
notes 
presents 
a software 
package 
for 
interfacing 
members 
of 
Intel's 
MCS-48™ 
family 
of 
single-chip 
microcomputers 
with 
keyboards 
and 
dis- 


plays 
using 
a minimum 
of 
external 
components. 
Be- 


cause 
of the similarity 
of the architectures 
of the vari- 
ous members 
of the family 
(the 8035, 8048, 8748, 8039, 


8049,8021, 
and 8022 microcomputers; 
also the 8041 and 
8741 
universal 
peripheral 
interfaces 
in 
the 
UPI-41<!l 


family), 
the 
code 
included 
here 
could 
run with 
minor 
modifications 
on any member 
of the tamuv. 


Since 
keyboard 
and 
display 
logic 
can 
be just 
one 
of 
several 
functions 
handled 
by 
a 
microprocessor, 
the 
added 
cost 
of including 
these 
functions 
in a system 
is 
minimal. 
In fact, 
considering 
the extremely 
low cost of 
sta~dard 
X- Y matrix 
keyboards 
and integrated 
displays, 


their 
use is often 
more cost effective 
than even a hand- 
ful of discrete 
switches 
and indicators. 
Thus, the addi- 


tional 
flexibility 
of keyboard 
input 
and display 
output 
can be added 
to inexpensive 
consumer 
products 
(such 
as games, 
clocks, 
thermostats, 
tape 
recorders, 
etc.), 


while 
producing 
a net savings 
in system 
cost. 


Since 
each 
potential 
application 
will 
have 
its 
own 
unique 
combination 
of keys and display 
characters, 
the 
program 
is written 
so that 
very 
little 
modification 
is 
needed 
to interface 
it with 
a wide 
variety 
of hadware 
configurations. 
In general, 
the only 
changes 
required 
are within 
the set of initial 
EQUates at the beginning 
of 
the program. 


Along 
with 
the basic 
software 
for driving 
a multiplexed 
display 
and/or 
scanning 
and debouncing 
an X- Y matrix 
of key switches, 
a collection 
of 
utility 
subroutines 
is 
also 
included 
for 
implementing 
the 
most 
commonly 
used 
keyboard 
and 
display 
utility 
functions, 
such 
as 
copying 
simple 
messages 
onto the display 
or determin- 
ing the encoded 
value of each key in the key matrix. 
As a 
result 
of 
the 
versatile 
architecture 
and 
applications- 
oriented 
instruction 
set of the MCS-48 family, 
the entire 
package 
fits 
into 
about 
250 bytes 
of internal 
program 
ROM or EPROM, leaving 
the rest of the ROM space for 


the program 
to cook the perfect 
piece of toast, 
or what- 


ever. By tailoring 
the software 
to match 
a known 
hard- 
ware configuration, 
or by selecting 
only those functions 
needed 
for a given application, 
the program 
size could 


be even further 
reduced. 


Since what is being presented 
in this application 
note is 
a software 
package, 
rather 
than 
the 
usual 
hardware/ 
software 
system 
design, 
the format 
of this note is some- 
what 
different 
from 
most 
- 
it consists 
primarily 
of a 


long program 
listing 
reproduced 
in the following 
pages. 


For the most 
part, 
the 
listing 
is self-explanatory, 
with 


comments 
introducing 
each subroutine 
and major code 
segment. 
Some 
parts 
of 
this 
introduction 
are 
repro- 


duced 
in the program 
listing 
itself, 
explaining 
the con- 
figuration 
of the 
prototype 
system. 
However, 
an addi- 


tional 
bit of explanation 
would make the listing 
easier to 
understand, 
especially 
for those 
readers unfamiliar 
with 


the concept 
of multiplexed 
displays 
and keyboards. 


In traditional 
digital 
system 
design, 
various 
hardware 
registers 
or counters 
~ere 
used to hold 
binary 
or BCD 
values which 
had to be conveyed 
to the user. The stand- 
ard way of presenting 
this 
information 
was by connec- 
ting each register 
to a seven-segment 
encoder 
(such as 
the 
7447) driving 
a single 
display 
character, 
as repre- 


sented 
by Figure 
1. Thus, two ICs, seven current 
limiting 
resistors, 
and about 
45 solder 
joints 
were required 
for 
each 
digit 
of 
output. 
Consider 
how 
traditional 
tech- 


niques 
might 
be (mis-)applied 
in designing 
a microproc- 


essor 
system: 
the designer 
( luld 
add a latch, 
encoder, 


and resistors 
for each digit 
of the display. 
Still 
another 
latch 
and decoder 
could 
be used to turn on one of the 
decimal 
points 
(if used). The characters 
displayed 
could 
only be a sequence 
of decimal 
dlqlts. 
In the same vein, a 
large matrix 
of key switches 
could 
be read by installing 
an MSI TTl 
priority 
encoder 
read by an additional 
input 
port. 
Not only would 
all this 
use a lot of extra 
I/O ports 
and increase 
the system 
price 
and part count 
drastic- 


ally, 
but 
the 
flexibility 
and 
reliability 
of 
the 
system 
would 
be greatly 
reduced. 


+V 


CIRCUIT 
REPEATED 
FOR EVERY DIGIT OF DISPLAY 
(DOTS USED TO INDICATE 
SOLDER 
JOINTS) 


Figure 1. Wrong Way to Design Multiple 
Digit Displays for 
Microcomputer 
Systems 
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Instead, a scheme of time-multiplexlng 
the display can 
be used to decrease costs, part count, and interconnec- 
tions, while allowing a wider range of character types to 
be used on the display. The techniques used here are 
fairly typical of today's integrated subsystems designed 
especially for controlling keyboards and displays (such 
as In calculators or the Intel<l>4269,8278, and 8279 Key- 
boardlDlsplay Controller Devices). 


In a multiplexed 
display, all the segments of all the 
characters are Interconnected In a regular two-dimen- 
sional array. One terminal of each segment Is in com- 
mon with the other segments of the same character; the 
other terminal Is connected with the same segments of 
the other characters. This is represented schematically 
in Figure 2. A digit driver or segment driver is needed for 
each of these common lines. 
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CURAENT 
SUNK IY 


DlOITOAIVEAS 


Figure 2. Schematic 
Representation 
of 6·Diglt, 7·S~m.nt 
Common·Cathod 
LED Muttlpl •• ed Display 


The various characters of the display are not all on at 
once; rather, only one character at a time is energized. 
As each character is enabled, some combination of seg- 
ment drivers is turned on, with the result that a digit 
appears on the enabled character. (For example, In Fig- 
ure 3, if segment drivers 'a', 'b', and 'c' were on when 
character position 1#6was enabled, the digit '7' would 
appear in the left-most place.) Each character is enabled 
in this way, in sequence, at a rate fast enough to ensure 
that the display characters seem to be on constantly, 
with no appearance of flashing or flickering. 


In the system presented here, these rapid modifications 
to the display are all made under the control of the MCS- 
48™ microcomputer. 
At periodic intervals the com- 


puter quickly turns off all display segments, disables 
the character now being displayed and enables the next, 
looks up the pattern of segments for the next character 


to be displayed, and turns on the appropriate segments. 
With the next character now turned on, the processor 
may now resume whatever It had been doing before. The 
whole display updating task consumes only a small frac- 
tion of the processor's time. 


IElIElIElIEllE/.lE/. 


1 DIGIT 
j DRIVERS 


Flgu," 3. Segment and Digit 
Drlv.rs 
u•• d with 6·Posltlon. 
7·Segm.nt 
LED Display 


Moreover, since the computer rather than a standard 
decoder circuit is used to turn the segments off and on, 
patterns for characters other than decimal digits may be 
included in the display. Hexadecimal characters, spe- 
cial symbols, and many letters of the alphabet are pos- 
sible. With sufficient imagination this feature can be ex· 
ploited 
for some applications, 
as suggested by the 


examples in Figure 4. 
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Flgur.4. 
Exampl •• of Typlcll 
M•••• 
g•• 
Posslbl. 
with Simple 
7·Segm.nt 
Displays 
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As each character 
of the display 
is turned 
on, the same 
signal 
may be used to enable one row of the key matrix. 


Any keys in that row which 
are being pressed at the time 
will 
then 
pass 
the signal 
on to one of several 
"return 
lines", 
one corresponding 
to each column 
of the matrix. 


(See Figure 
5.) By reading 
the 
state 
of these 
control 


lines, and knowing 
which 
row is enabled, 
it is possible 
to compute 
which 
(if any) of the keys are down. 
Note 
that 
the keys need not be physically 
arranged 
in a rec- 


tangular 
array; Figure 
5 is merely 
a schematic. 


COLUMN 1 COLUMN 2 
RETURN 
RETURN 


LINE 
LINE 


COLUMN 
3 
COLUMN 
4 
RETURN 
RETURN 
UNE 
LINE 


-'- t 
--'-I 


TO 
SWITCHES 


ON 
ADDITIONAL 


RETURN 
LINES 


FROM 
SWITCHES 
ON 


ADDITIONAL 
SCAN 
LINES 


Figure 5. Schematic 
of X- Y Matrix Multiplexed 
Keyboard 


Since 
each character 
is on for only a small 
fraction 
of 
the total display 
cycle, its segments 
must be driven with 
a proportionately 
higher current 
so that their brightness 
averages out over time. This requires 
character 
and seg- 


ment drivers which 
can handle higher than normal levels 
of current. 
Various 
types of drivers 
can be used, ranging 
from 
specially 
designed 
circuits 
to 
integrated 
or dis- 


crete 
transistor 
arrays. 
The 
selection 
depends 
on 
several factors, 
including 
the type of display 
being used 
(LED, 
vacuum 
flourescent, 
neon, 
etc.), 
its 
size, 
the 
number 
of characters, 
and the polarity 
of the individual 
segments. 
Some drivers 
have active 
high 
inputs, 
some 


active 
low. Some invert their input 
logic 
levels, some do 


not. 
Some 
require 
insignificant 
input 
currents, 
some 
present 
a considerable 
load. Some systems 
use exter- 


nal logic to enable one of N characters 
or to produce 
the 


appropriate 
segment 
pattern 
for a _given digit, 
some sys- 


tems 
implement 
these 
functions 
through 
software. 


Because 
of these 
and the other 
variables 
which 
make 
each application 
unique, 
provisions 
are made in the first 
page of symbol 
EQUates 
to allow 
the 
user to specify 
such things 
as the number 
of characters 
in the display 
or the polarity 
of the drivers 
used, and the program 
will 
be assembled 
accordingly. 
The display 
is refreshed 
on 
each 
timer 
interrupt, 
which 
occurs 
every 
32 x 
(TICK) 


machine 
cycles. 
'One 
machine 
cycle 
occurs 
every 
30 
crystal 
oscillations 
for the 8021 and 8022, or every 
15 
oscillations 
for all other members 
of the family.) 
A more 
detailed 
explanation 
of these variables 
is included 
in the 
listing. 


Port assignment 
is also at the discretion 
of the user - 
all port references 
in the listing 
are "logical" 
rather than 
physical 
port 
names. 
The port 
used 
to specify 
which 
character 
is enabled 
is referred 
to as "PDIGIT". 
The out- 


put segment 
pattern 
is written 
to "PSGMNT" 
and the 
keyboard 
return 
lines 
are 
read 
by 
"PINPUT". 
These 


logical 
port names 
may be assigned 
to whichever 
ports 


the user pleases. 


By way of example, 
the breadboard 
used to develop 
and 
debug 
this 
software 
used 
a matrix 
of 
16 single-pole 


push buttons 
and an 8-character 
common-cathode 
LED 


display 
with 
right-hand 
decimal 
point. 
No decoders 
ex- 


ternal 
to the 8748 microcomputer 
were 
used; 
all logic 
was 
handled 
through 
software. 
PDIGIT 
was 
the 
8-bit 


bus, PSGMNT 
was port 1, and PINPUT was port 2. The 


drivers 
used 
were 
75491 
and 
75492 
logically 
non- 
inverting 
buffers: 
high 
level inputs 
were used to turn a 


segment 
or character 
on. Pull-up resistors 
were used on 


the 
8748 
output 
lines 
to 
source 
the 
current 
levels 
needed 
by the buffers. 
The 8748 was socketed 
on the 
breadboard, 
and 
was 
driven 
with 
an inexpensive 
3.59 
MHz television 
crystal. 
The short 
test program 
included 
in this listing 
was used to echo key depressions 
as they 
were detected, 
and to invoke 
four 
demonstration 
sub- 


routines. 
A summary 
of the subroutines 
included 
in this 
listing 
with a short explanation 
of the function 
of each is 
included 
in Figure 
6; Figure 
7 shows 
how 
the various 
utilities 
interact. 


KBOIN 
Keyboard 
Input. warts 
unur one keystroke 
Input 
has been received 
from the keyboard. eeterrn.nes 
the meamng or legend erthat 
key. and 


returns 
With the encoded 
value in the accumulator 


CLEAR 
Blank out the display 


ENCACe 
Encode accumulator 
With brt pattern 
corresponding 
10 the segment 
pattern 
needed by the display 
to represent 
Ihat symbol 
or character 


Uses the value of tne accumulator 
when called 10 access a table con- 
taining 
the patterns 
for all legal Input values 


WDISP 
Write into Display. wntes 
the bit pattern 
In the accumulator 
into the 


ne •.t character 
POSition of the display 
Maintains 
a character 
posmon 


counter 
so that repealed calls Will automatically 
write characters 
Into 


secuennat 
POSitions 


AENTAY 
Right·hand 
Entry. 
Stores 
the accumulator 
segment 
pattern 
In the 
display In the fight-most 
character 
posmon. 
Shifts all other characters 
to the ten one place 


PRINT 
Print a stnng of arbitrary 
characters 
onto the display 
Usefut tor pro- 
mpting 
messages 
wammqs. 
etc 
Uses a table 01 segmenl 
patterns 
In 
ROM so that messages Will not be restncted 10 numbers. 
letters. etc 


FILL 
Fill the display 
With the character 
pattern 
In the accumulator. 
Useful 


for writing 
dashes. segment 
test patterns. etc., Into all character 
posi- 
tions 


ECHO 
Wall tor a key 10 be pressed 
by the operator 
and wnte that key onto 
the display 
Used tor providing 
feedback 
to the operator 
when enter. 


Ing numenc data. etc 


RDPADD 
Adds or deletes a oecnnat pomt to the character 
at rrre flght·hand 
Side 


of the display. 
for entenng 
Hoallng 
oomt numbers 


HOLD 
Called when a key IS known to be down 
Does not return until all keys 


have been released 
Used tor organ-type 
keyboards. or when some ac 
non Should not be «uuateo untu the key invoking 
that acnon has been 
released 


DELAY 
Prov.oes a crude real-lime delay corresponding 
10 the varue of the ac- 
curnutator 
when called 
Can be used to cause display 
characters 
to 


bltnk, to momentarily 
uesn Information, 
to enable a buzzer 
etc Could 


also be used by the program when delays ere needed. such as to slow 
down 
the computer 
reecuon 
rete while 
playing 
a game against 
the 
human operator 


Figure 6. Utility Subroutine Definitions 
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CLEAR 
PRINT 
ECHO 
RDPADO 
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HOLD 
DELAY 


KBOIN 
ENCACC 
RENTRY 


Figure 7. Subroutine 
Interrelationships 
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Figure 8 Prototype System Schematic 


1-29 


•• 


N.C. 


infel· 
Ap·40 


1515- JI 
/1(.5-48/1.:;"1-41 
11A(:~(1>l!·SEt1BLH', 
1/2 a 
ANa 
INTEL 
NCS-48 
f.H'BOAA[:'VlSF'LHi' 
HPi'LlCi11 
IQtl N('TE 
APF'ENDL; 


LOC 
OEiJ 


1 $HftCf<'IJFIL~ 
:~p;EF 


~ lTITlE('AF"40 
INTtL 
1K~:-4i; 
I.E~;AA[)/[.ISi'L"'" 
APF'Lif..lnIOII 
NOTE APPENI)IX" 


4 
,THE 
FOLL(!~mIG 
SOFTWARE F'AClftGE 
PPOliWE5 
k SEVEN SEGftENT 
(,lSF'lHY 


S ,INTE.'FfiCE 
Hili 
MIC~'OCOflf'IJTERS 
iN 
rHf. 
INTI:.L MCS-48 
Ft<t'ilL',' 


€, 
.' THE CODE IS 
IoIP.ITTEN so 
'fHAT '~AI1IOi.lS HIlI"[lIolRf'E 


t ,CI.lIlFIGlJf'H'lJONS 
CAN DE ACC':~1(I{.+iTE[. BY I<E:fHt.ltKi 
fiiE 
HIIlIHl. 
';~'IRBt.ES 


8 
,IN 
MOSf 
SJTIJftTiONS, 
THE I<E',~.'vr'~'SFLH~' 
UIlEI?FACE 
WILL 
f;E PW.I!''£[' 
TO 


9 
. !IlF'LEMENT 
MO.E 
SOPHlSTICfHED 
"INGLE-'JHiP 
S'l'5IEt15 
(UtLCiJuno~'s, 
)1~Al.lS·(lOOS, 


1~ 
,ETC.), 
filTH 
SECTIONS 
OF 
THE FiJlliJfJINiJ un SfL.ECTEv 
RND i10(.IFJE[) 
AS NECES5A~\' 


11 ,FO~' 
Ef1l:.H AF'F'LlCRTION 
1', 
<. 
' 


L ,A 
SI/lJiLE 
SIH'C~JTJNE 
('.fHE" 
I,Uj.'SH) 
I, USE(, 
TO 
IMF'LEMENT 
~OTH 
THf. vISIo'LH',' 


14 
i'KIlIIPLEiING 
AN(, ~E','BOftPt, 
S(UI~lNlj, 
1.'~,IN(, THE 
:"tlr. 
SjljNHl 
E:(lfH 
TI) ElftH 


15 
,ONE 
CHH.'ACH:.' 
OF THE: [)ISFU'I 
AM) ,0 
~·TROBE ONE 
.'(1101 
OF THE >:-y 
"E" 
tlATn, 


16 
.1HE: 
SUt~OUTiNE 
t'~.l5T f:<E Utll.E[i 
5I.1Ffl>: IENfLy' 
,:HEtI 
FI IJOJl'F. 
rH~ 
DISI'LA'i 


1" 
,CHftF:ACTE~':' 
CM) IIOT FLlCJ'H'- 
Ai 
LEAST 
5·.1 lI.WIf'lETE 
1lISPLft',' 
5Cnlr3 
~'E" 
'.[(J)NC 
1:3 ,10 
H('('(~~)[JfiTE 
SWITCHE:, 
I~ 
Hf<'8m:Hl'~' CHEAPNESS, fHt. DEBl~JHCE 
Tlt'o£ 
CAN ~E 


is ,~.uT,) BE AIr,' 
[ltSlPED 
NlJHfjE~ 
or 
WNF'LETE 
SCftNS 


2~ 
,THl.lS 
THE [)EBOI.INC£ lItlE 
IS 
H FUNCTION 
fJF 80TH 
1HE SCftN 
,,:fiTE 
AHDTHE 
'~Hll.lt 
i1 ,OF 
CUNS fFlNT 
'VEBNI:E' 


22 , 
i~ ,IN 
THIS 
LISTING, 
THE 
INTEI'.NftL 
TI,'!E~' 
I'; 
IJSE[: 
'(I) IjfNEF'fHE 
INTERIWf''i:3 
THRT 


~4 
,SERVE 
AS It TIME 
Bft5E 
FIJI;: THE ~U'PE5H 
5L1Bf."JlJTIrlE 
i~, ,AlTERNitTE 
TJI'IE 
BASES MIGHT BE fIN UTEPNfli. 
OSClLl~f"»' 
([)"IVIrIG 
lHE 
lN1ERI1UPT 


26 
,PIN 
01<' POLLED B', ft TEST 
01' 
INPUT 
PIN, 
.. fl SOFTWA.:E 
[>RA',' LOOP 
IN 
THE 8AC~iJPOIJN[J 


2;' 
,Ff<'OG"nr., 
I~ 
PE"'lODIC 
CALLS 
ILl 
THE Sl:E"'(JlITlNt. 
F"OI~ THI"OI.uJHOIJT 
lHE 
IJSEP'S 
PIII)I}PAM 


2':, 
,HT 
RfHiOPII linE 
F'LACES 


29 
,iN 
THESE 
CASES, 
THE cort 
5TFilHlNG 
RT LHl:EL 
TI jilT 
'TIMER 
INTEI"RUPT) 
ANf' 
TIPEr 


:<iJ 
,mINT 
liE1IJRN\ 
caULT. 
STiLL 
BE USED TO :;fWE HND "ES10IIE 
AI:CUflIJlflT~ 
CONTENTS 


31· 
THE INTtYRlJF'l 
SERVICING 
~OUTINt 
SELEcrs 
"EfJI STEf<' 8AIW 1 


:2 
,I'O~ 
1 HI:. NEWEl> 
REGISTERS 


;4, 
::5 ,WIOlTWI 
BY .JOHN WHftHCI/oI, 


36, 
l? tEJECT 


iNTEL 
SINGLE-CHIP 
m'lF'!JTEI< 
APPLlCATIO'6 


All mnemonics 
copyrighted 
© Intel Corporation 
1976. 


1-30 


infel· 
Ap·40 


15IS-1I 
HCS-48/Uf'I-41 
I'IHC~O HSSEMEUR .. v: e 
ftP4€f 
INTEL 
HCS-48 
KEY80AR[I,-'vISPlfl',' 
fiI'PlICATJCN 
ImTE 
APPENDIr; 


i«. 
OOJ 
SEI 
SOUl/lE 
STRTEHENT 


38 . IN THIS 
Ii'lPWENTAl 
Wt. ijf 
THE DISf'Ul'T' 
SCAN. 
IT 
IS 
HS5I.tIED 
'IHAT THERE WIll 


:>9 .. BE IIElAl 
I'~El Y LITTLE 
I/O 
OTHER THAN Ft:W 
THE Kc'T'BI:*lRr,/[1! Sf'LR'T' 


40 
• IF 
THIS 
IS 
rHE CFlSEr 
THEN THERE ts NO NEE[) FOil F~ 
AIW AOOITIfH1L 
EX1EPNAL 


41 
.LOGIC 
(5OCH 
AS OtlE-IJ-EIGHT 
[;EI))[1[1I5 
011 :;C:','EN-SEG/olENT ENCODERS), 
THOUGH 


42 
. THE~'E WILL STILL 
BE A NEED FOl<' CUf''RENT OR'OLrAf.£ 
~IVER5. 
ACCOROIPr.! Ht 


43 
. THE T'r'PE Of- [) [SPLAY 
BE I NI) USED 


44 
. 


45 
·lNIHb 
liSmtj. 
THE PROCES501O' 1.'0 
PORTS ARE 1013ICAlL', 
DIVWED 
A~ FOllOWS 
46. 


47 
; F'rJIGIT-E!GHT 
BIT 
"(IIIT 
IJSH' 
TO ENABLE.. (~ 
tiT f1 TIME .. 
THE II()IYWIJAL 


48 
. 
CHAF'ACTEIt'S OF HN EIGHT W,: r SH'EN-5EGMI::NT 
IJI5f'LA','. 
WHILE ALSO 
43 ' 
5TFI~IPr.! 
THE POWS I)' 
HN X-'r' MATRIX k'E'r'E:OAI<f' 


~.e, 
8IT~ 
ENABlES 
THE LEFTMOST CHARACTEIt' H/() 
rHE BOTTl)tl 
ROW OF lHE 
IbC· .. 


51 . 
BIT 4 ENAIllES 
THE TOP ~:OW OF THE 4~'; I(Hi AN[, THE f.{IUPTH CIftRACTE". 


52 . 
BJT~ 
ENABLES 
THE RIGHTMOST CHAf;A(:',ER 


5:; 
. 
iA 4X8 
KE'T'BOAllr· COl.~,[i ~E :.T;;OOW 
B',' ALSO LlSlN(' 
BIn-B!Ta 
~..; . 
A/-j() EXTENfJING 
OR ELIMINAl 
fNG THE TAl:U.. 
'l£GNI),;,' 
) 


55 
. 
THE ENABlING 
OF ONE BIT 
(ACTIVE 
HIGH OR LOW, 
IS 
ACCI)10flATE[1 B',' 
st . 
ACCESSING 
A LOO~-lIf' 
TABlE 
l.filLED 
CHI'5TE' 


5i" 
. 
THIS 
TECHlHQtJE 
TAKES RBWT 
FiJIji 
B~'Tb 
MOfE 
,'01'1 THAII Ft rECHt-H(lI~ 


58 
. 
OF ROTATING 
fi 'ONE 
T~W(jH 
A FIELe, 
OF 
ZEROES' 
IN THE ACC 


59 
. 
AN ftPf'POPPIATE 
NUf1BE11OF ilHES, 
BUT IT ALLUWS SO/1E ArJ(IITIONAL 


6e 
. 
FLEXABILIT'T' 
IF 
THE DRI'.'ERS 
BEING 
USl:iI HAVE t1 COI'1BINATORIAL 
INPUT 
61 
; 
(flS 
IN THE 7545;< FftI'IlL'T' OF HIGH-CURRENT, 
HIGH-'~OL TAGE DRIVERS). 


62 • 
THE CHIo'STB TABLE COIJUI PPOVIDE 
Etl(:oOEv OU1PUTS. 
NINE 
DIGITS .. FOil 
6, . 
EXAMPLE, 
COUUi BE ENABLED WiTH ~r\ BITS 
Or 
(BUFFERED. 
OllTPUT 
64 
. 
(001001.· 0011310· 001100, 
010001. 
91001.,. 
'WH'30.1l11*'-l1, 
190010, 
1001~iI.l) 


65 I 
iF 
I/O 
LINE~, NEED TO BE CONSEI1','ED. 
OR IF 
I1HNY DIGllS 


66 
• 
HUsl 
BE DISf'Lfl'/ED, 
fill EXTERNAL DtU.x:oER CfJUlfJ BE AfJ{)ED TO THE 5','5TEI' 
67. 
DIJ<:ING C'lWftCTEII 
TRfiNSITIONS 
A 'BLANK' 
CHARACTE~ IS 
68 ; 
EXPLICITL'T' 
WIIITTEN TO THE DISf'LA'1 
THUS, 


69 
. 
THERE WILL BE NO CHARACTEr<' 'SHfiDOWING' 
CAUSED B~' THE 


7e 
. 
r'ACT THAT THE HAR[IWARE OR SOFI WARE DECODER KEEPS 
ONE 


71. 
OIJTPIJT.. AND HillS 
1)l1E CHliRACTEI1, 
ACTIVE 
AT ALL TII1ES 


72 } 


73 
. PSiJMNT-EIGHT 
BIT 
PORT TO ENABLE THE SE\lEN 
SEGMENTS & D P 
OF A 5TANriARr, 


74 
; 
DISPLR\' 


75 
. 
BIT7-BlTe 
CORI<:ESPOND TO THE DP AND SEGllENT5 
G T~OllGH 
A, 
RESPECTJIIEL'r' 


76 
r 
IT 
IS 
POSSIBLE 
TO ACCOI1OOATE 


77 
. 
r>RIVE~S 
WHICH ARE EIHU 
LOGICALL'r' 
INVERTING 
OR NON-INVERTING 
BY 


78 
• 
SETTING 
.,'ARIABLE 
'sEGPOL' 
(SEGMENT POLAI<:lTY) 


79 
; 
NOTE THAT B~' HAiliNG 
ARBITRAR'T' CONTROL OIlER EACH SEGI1ENT. 
NOI/-NIJI1EIt'IC 


89 
. 
CHARACTERS CHN BE REPRESENTEV 
ON A SEIIEN SEGMENT IJ I SPLAY. 


81 
. 
AS SHOIIN IN EXAI'IPlE 
SlI3ROU r I NE 'TE5T2 
82 ; 


83 
$EJECT 
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AP49 
INTEL 1'11;5-48 rEYBOARD/1)lSPlAY 
APPLlCAflON 
NOTE APPENI)IX 


UX 
OBJ 
SOlIf1CE STATEMENT 


84 ,PINPUT-FCMJP 
HIIjH-lJl?DE~' 
BIlS 
USED i\= INPUJS 
F~Ot'1 lHE 
YE~'BOfif(D RETIJIi'N LINES 


85 
' 
AS51.IP1tS THAT A· fE', 
DOWN IN 
HE CUf?PENTL'j ENABLtL: ROw WOIJl.[) REllIRN 


86 
; 
A LOW LEI/EL 
87 ; 
IN THIS 
CASE. 
BIT? 
RETURNS THE LEFTI10ST 
COLlJI'IN. BIT4 
THE PIGHTN05T 


S8 
' 
THE HIGIH'~rJ[R 
BIlS 
ARE U5E[; SIJ THAl 
IF 
AN OH -CHIP 
DECOVEI< IS USEr' 


89 ; 
10 ENABlE 
UP TO 16 
CHARACTEflS, 
FOi1 r"Al1f'LE., 
IT COULD BE VliIVEN 
B', 
ge ; 
THE LOW OfiDH 
B ITS 
OF THE 5HI'I£ 
F'C•• :i 


91 
, 
NOTE ALSO THftT IF 
A SIXTEEN 
KE',> HAlll,,: 
WERE I:..LEW'ICALL't' 
Of':(;ANIZfCo 


92 
' 
IN Ft 2:<8 ARRA',>, ONLY TWO flETIJPN LI tiES WCUJU) BE NEEDE(l. 


93; 
(IN 
THIS 
CASE, 
PERHAPS 
TIl M'l() 11 COIJU\ Sf 
1.l5E[1 FOfI INF1.1T E:IT: 
" 


94· 
95 ,PlILL-UP 
RESISTORS 
ON THE lIETl..lf1N LlN£S 
MIGHT BE Itl 
Ol<r!l:f/ IF 
THE~:E IS 
AN',' 


96 .,POSSIBILlW 
OF A HIGlf-IIf'WENCE 
CON{~JCTlVE PI'tTH THR0IJuH THE SWITCH WHEII 
9, ; IT 
IS 
SllPf'fJSED 
TO BE 'OPEtI 
98 ,(THIS 
PHENOHENON HRS ACTlIALL', eUN 1)85EPYEl, 
) 


519 
; 
100 , THE rA;'h'ERS 
USEr, 
IN THE PI10TOll'PE 
WfYE ALL NON-INVERTING 
IN THAT 
1~1 
,A 
HIGH LEVEL ON AN WTPlIT 
LINE 
Lo USEli 
TO TURN f1 CHI1Rt'lCTER OR SECMf"T 
;).'j 
102 . THERE ARE A TOTAL OF SE'fEN 
1/8 
Ll NES L£rT 
O',H 
le? ' 
104 ,THE 
ALGOIdTHI1 FOR l~'I"'INGIHE 
DISF'LA',> USb 
A l<LOCf OF INTER'1ftL 
RA/'! 


195; 
AS liISPLA',' 
PEGISTE~S, 
WITH ONE IlYll 
COfiRESPON[ilNlj 
TO EACH CHAAAC1ER Of 
TH~ 


106 
; DISPlAY 
THE EIGHr'BITS 
OF EACH BYTE C;jI~'I1r~;POND TG THE SEIIEN Sb3HENT5 
& liF' 


107, 
OF EACH CHARACTER 
IF 
AN EX1E~NfiL 
ENCoroER IS 
IJSE[! (SUCH AS A FOIJR-fiIT 
TI) 


HIS 'SEVEN-SEGMENT 
ENCOttJ( 
Ofi A flOI'I fO~ TRANSLATING ASCI I TO 


199 
; SIXTEEN-SEGMENT 
'STAIi'~;JRST" 
DISf'UW 
F'AT1ERNS), 
THt:: TABLE ENTRIES 
WOLlll) HOLD 


110, 
THE CHARACTER COOES. 
(IN 
JHE F(lI;:ME~' tASE. 
RN L1NUSE[) BIT 
CUULv ~E usm 10 


111, 
ENABLE THE o P ) 


uz . THUS, 
WRITING 
CHAf"FtCTERS TO THE (; ISPlfl'r' 
FH~1 THE BACKliROUND P~OOIIAM 


113 
,REALLY 
ENTAILS 
~ITING 
rHE AF'P~OF'~'linE 
SEGI1Hn 


114 
.' PATTERNS 10 A [iISPLAY 
REGISm'- 
TfIE I'llTUAL OllTPllTTING 
15 RU10l'1f;TIC 


115 
; THE LEFT"-l5T 
CHARACm' 
CORRESPOIID~, 1(' 
THE LAST B~'TE OF THE DISPlA\' 


116 
,REGiSTERS. 
At{) 
IS 
ACl:ESSEII 
B'I NEXTPL=8 
(SE£ 
SOIJReD; 
[HE RIGHl'I'lOST 


117 
; CHIlRACTER IS 
THE FIRST 
I>ISPLR~' 
8~'TE, 
WHEN NEXTF'L=L 


118 
; I.lTILIT'o' 
SUBROIJTINE~ 
Af"E INCLu[lfD 
HERE TO H'ftN5lATE 
FOUR BIT 
NUMBERS TO HE:~ 


119 
; DIGIT 
PfllTERNS, 
AND WRITE THEM iNTO THE DISPLAY 
REGISTE~S 
SEQOEN1IALl 
T' 


129; 
(EITHE~ 
FILLING 
FROM THE LEFl- 
H. p, 
CALCLlLATOR STYLE Of< FflOi'I THE 


121 
; I1IGHT- 
T I 
STYLE, 
SUBROllTlNES 
Wl>ISP ANI) RENTR••', 
RE~ECTIVEL'r' 
1 
122 , 


123 
; THE m'BOARD 
SCANNING ALGOIIITH/1 SHliWN HERE REQlIIRES 
A ~E', 
Sf 
DOWN F(1fi 


124 
; SOME 
NUt18E1I OF COI1PLETE DISPLAY 
SCANS TO BE ACKNOWlEGEII 
5INI:E 
IT 
IS 
125 ; INTENIlf.[) 
~OR 'QNE-F INGH" 
OPERATI ilN. 
TWlHE',' 
ROLLO'.'ERIN-KE', 
UJCKCN)T HAS 


126 
; EUN 
IHf'LEI1ENTED 
HOWEVEII, 11Ol)IF I CATI ONS WOULr, BE POSSIBLE 
TO ALLOW, FOI' 


127 
,EXAMPLE, 
ONE KEY IN THE MATP1:~ 10 
BE usm AS H SHIFT 
KET' OR CONTPOL KE', 


128 
,TO BE HEW 
DOWNIlliILE 
ANOTHH 
~E',' HI THE MATRIX IS PRESSE[I 
,SEE 
r~:'TE WITHIN 


129 
, THE BOI)',' OF THE LISTING. 
) 


Be ' 
131 $E,lECT 
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AP49 
INTEL 
11C5-4~ 
KEI'BOAR{)/[)I5PLA't' 
APPLlCFtTION 
NOTE fl?PENVIX 


LOC 
(liJ 
SEQ 
SOURCE STATEMENT 


E2 ,(BE 
AWfIRE THAT ~IO MO.:[ THif/ Hllj ~l',~CAN c~E~ 
BE r~)I,1N MESS 
r,100£5 


13:; 
'ARE 
PLACEr' 
IN SEIo:IES ~ITH 
ALL OF THE SWITCHES- 
CE~TiHNl"" 
NOT THE CASE FOR EL 
134 
. CHEAPO KEI'BOARDS- 
BECAl~ 
50'1£ c..JI'IBINATIOI6 
Of THREE KE'r'S (1()\oIl WILL RESI.A.T 


135 
,IN 
A 'PHflNTOf'l· 
FOI.II1TH KE'" BEING PcRCEIVU, 


136 
. THE F'HfiNTOtt KE',' WOIJL[; BE THE F(JIJRTH CO~.·' 
IoIHtN THREE KE'IS FWlING 


E7 
. A "'ECTANGtlAR 
PI'ITTERN (IN 
THE ~:-',' KE', MAW!X' 
IiiE 
DOWN ) 


ES . IF 
DIOOES 
Ali'E PLACE[: 
IN THE SCftlfHNG 
MR~'A''', CWSIDERATlONS 
/'lIST 
BE ~11« 


139· 
ABOIJT HOW THE DIODE VOLTAGE [l!;OF WILL AfFECT 
INPUT LOGIC 
LEVELS. 


149, 


141 
. WHEN ~ [,EBOUNCED rtv 
IS 
[IETECTEr', 
H£ NlJf'lBER I.lf ITS 
POSITION 
IN Ht: KE', 


14~ 
. I'tATRI>: iLEFT-TO-PIGHl. 
BOTTI.~i-TO-TOP. 
STATi:TING FiWt'I ee) IS 
PLACED INTO 


143 
.• :A11 LOCATIONKBV8UF' 
AN INPUT 5l~:I)iJTlNE 
TIi!:N NEED ONlY REA() THIS 
LOCATION 
144 
.~Ef'EA1EDLY 
TO fi.1ERHlNE 
lilJi 
A KEI,' HAS BEEN PRESSED 
WHENA KE'T' IS DETECTEV. 
r, 


145 
. A SPECIAl 
COf,E B\'TE 
SfUIlD 
BE 
WRlTIW 
BAC~. TO INTO'KBWJF 
TO PREVENT 


146 
; REf'EArEC' 
fofTEC1IONS 
OF 
THE SAl1I:: 
KE\' 
147 
'THE 
flOIJTlNE 
KBVIN' 
r.o£M(lN5n'AiE~: 
A WPI(.AL 
INPlIl 
P~(.Il0COL 
ALOOO WITH fi HETHOO 


148 
,FOR 
TRANSlATIP«J 
A m' P(;SI [ION 
TO ITS 
ASSOUATEro 
SIGNIFICfKE 
BY ACCb~.IN(j 


14:~ 'TABLE'LEGIl6' 
IN ~ 


150 
. 


151 
$EJECT 
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ff'4Q' 
INTEL 
111:5-48 KEYBOffPD/DISPLA\' 
APPLICATION 
IfJTE 
APPENDl:, 


LOC 
UB..' 
SOtlllCE 
'3TATEI'IENT 


152 , •• ·*•• ·•• *H. ~***.**H*************************************** 
;5:: ' 


154 
• 
INlT!AL 
EQlJATES 
TO DEFlNE 
SYSW1 
CONFIGURATION 


lSS ' 


156 ,***.*t ••·u****~*.******.*********************************** 
lS7 
; 


158 P[)IGIT 
!:f}J 
159 PSGl1NT 
Ef,lIJ 
160 PINPUT 
~(~.I 


161 
162 
163 
164 
165 
; 


166 
POSLOG 
167 NEGUJG 
168 
169 CHRF'(IL EI}/J 
17~ SEGPOL . EG~J 


171 WFHSK 
WJ 
172 . 
ln 
(,HflRNO 


17'4 NPO'lS 
17'5 NU'LS 
176 . 
1(7 
TICr. 


178 OfE:NU: 
1,9 ~LAtjj( 


1813 
181 
182 ; 
183 ENCHSK 
184 . 
185 $EJECT 


tC~J 


EOIJ 


EOIJ 


EOO 
FQlJ 


mu 


BUS 
F1 


1"2 


; USED TO ENABLE CHARACTERS fH) STROOE 
ROWS OF KE't'BOff(D 


,USED 
TO TURN ON SEGHENTS 
OF ~RENTL 
V ENABLED DIGIT 


· PORT 
USED 
TO SCAN FOR KE'~ CLOSURES 


; (NOTE 
THAT THIS 
PORT 
ALLOCA1ION 
USES 
THE HIIHR 


; ClJPI<ENT S01JRCING 
Afi III T',' OF THE BUS TO SWITCH 
ON THE 


,DIGIT 
DRIVERS, 
fW 
LEAVES 
F'23-F'29 
FkEE 
FOR lISllll 


,All 8243 PORT EXPAt«JEI<: IN THE 5'o'STEH. ) 


OOH 


flfFH 


POSLOG 
r DEFINES 
WHETHER WTPlJT 
Lll.Es 
ARE ~TlVE 
HI 
OR LOll 
FOSLOG 
,··.FOR [,RI','JNG 
CHAI"ACTERS fiN()' SEGMENT PATlERUS 


~lH"i 
,rH WES 
BITS 
USED 115 INPUT 


8 


4 


4 


; NlJMBE~ OF DHIlTS 
IN DISPLAY 


,~·ows OF KEVS 
;LESS 
THAN OR EIllft. 
TO CIflRNO) 


,LESSEf.· 
DII1ENSION 
OF KEYBOORD HATRIX 


-18H 
4 


O\JH 


· [:ETERl'IItE 
INTERRUPT 
INTER'.'Al 


NUMBER OF 5LiCESSIVE 
SCANS BEFORE 
KEV CLOSURE 
ACCEPTED 


· COflf: 
TO BLRNK 
DI SPLAY 
CHARACTERS. 


· ("C~-'L[) BE 20/-1 IF 
flSCII 
DECOOING 
Rfl'I 
USED OR 0fH 
IF 
.7447- T'r'PE 
SEVEN-SEGMENT 
DECODER EXTERNAl 
TO 8748) 


· SELECTS 
WHICH BITS 
ARE RELE~'ANT 
TO ENCACC SIJBROUTlNE 
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AP48 
I NTEL ~-48 
KEYBOARD/D I SPLAY APPLI CA TI ON NOTE APPENDI X 


LOC 
OBJ 


, 
0002 


8804 
ooe5 
8806 
0087 


0828 


0021 


0022 


0023 


0037 


186 
; *************,~*******************-*********************** 
187; 
188 ; 


189 
; 


190 
; POINTERS USED FOR INDIRECT 
RAI'I ACCESSING: 


191 
PNTRB 
EQU 
R8 


192 
PNTR1 
EQU 
R1 
193 NEXTPL 
mu 
~? 


194 


195 
; 


196 ;*********************************************************** 
197 ; 
198; 
199; 


200 
; PNTR8 
EQlJ 
281 ; PNTR1 
EQIJ 
282 A5AIIE 
EQlJ 


283 ROTPAT 
EW 
284 
ROTCNT 
EQU 


285 
LAsTKY 
EW 


286 
CURDIG 
EW 
287 ; 


288 ; *********************************************************** 
289 
; 


218 
; 


211 
J 


212 
~'EPTS 
EQU 


213 
KEYLOC 
EQIJ 


214 
KBD8UF 
EQU 


215 


216 
RDELAY 
EQU 
217 
.; 


218 
; 


219 
; 


229 
SEGWlF' 
EQlJ 


221 
222 
; 


223 
.;*********************************************************** 
224 ; 


225 
, 


226 
; 


227 
; 


228 
; 


SEt;! 
SOURCE STATEMENT 


BANK a REGISTERS IJSED 


; USED TO KEEP TRACK Of CHARACTER POSITION 
BEINJ 


; WRITTEN 
INTO 
• 
BANK 1 REGISTER ALLOCATION 


DATA RIll'! ALLOCATION 


R8 


R1 


R2 
R4 


RS 


R6 
R7 


(ALREADY DEFINED) 


; HOLDS ACCUI1ULATOR Yfl.lJE 
DURING SERYICE ROUTINE 


; USED TO HOLD INPUT PATTERN BEINJ 
ROTATI:D TIf1IXXiH 
CY 


; COUNTS NlJlBER Of 
BITS ROTATED THROOOHCl' 


; HOLDS KE'{ POSITION 
Of LAST KEY DEPRESSION DETECTEll 
; HOlDS POSITION 
OF NEXT CHARACTER TO BE DISPLFM:D 


32 
33 


34 


; KEEPS TRACK OF SUCCESS1VE READS OF SAf'IE KEYSTROKE 


; INl"'REMENTED AS SIJCCESSIVE KEY LOCATIONS SCANNED 


; CARRIES POSITION 
OF DcBOUNCED KEY FkOI1 REFRSH ROUTINE 


; \ 
BACK TO BACKGROI.JN) PROGRRI'I 


; NON-ZERO IHN 
DISPLAY 
IN PROGRESS 
35 


THE LAST (CHARNO) 
REGISTERS HOlD THE DISPLAY 
SEIJIENT PATTERNS 


; BASE Of 
REGISTER ARRAY FOR DISPLAY 
PATTERIf." 


; \ 
(COlilv 
BE ANYWHERE IN 
INTERNftI.. RAI'I) 


NOTE THAT LASTKY, 
CURDIG, 
AN{) F1 RETAIN 
STATUS INFORi'lATION 
FROI'! 


ONE I NTERRUPT TO THE. NEXT. 
AlL 
ono 
REGI STERS MAY BE USED IN 


THE USER'S 
OWN INTERRUPT SERVICING 
ROUTINE 


229 ;*********************************************************** 
239 ; 


231 
$EJECT 
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NOTE APPENDIX 


LOC 
OOJ 


900"? DS 
0088 
HA 


9009 23F9 
!lOOB 62 


990C 1419 


009E FA 
900F 91 


SEt:! 
SOURCESTATEt1ENT 


232 , 


213 -'*******4*****""'*********"****************.~*"'*********,'**,l<** 
234 ; 
235 ORG 
000H 


2$6 
JMP 
INIT 
237 
; 
238 ; 


239 ; *********************************************************** 
24!:l ; 


241 ORG 
242 
; 


243 -'TIINT 
244 -' 
245; 


246 -' 
247, 


248 TIINT 
249 


007H 


1I!1Er<' INTERRUPT SlJBFOUTINE 
CALL /Hi 
TO LOl 
OOiH WHENTII1E~ TH1E, OUT 
TIMER CAN fiE RE-INITIALLlZED 
Ar 
rHIS 
POINT IF vESIPfD 
USED HERE TO CAUSE THE [)ISPLAY 
REFRESH HNC, KE',' SCAN 
ROUTlNb 
ro 


fiE L'ftlLED fHIOOICIl.L',' 


SEL 
RBl 
1t)\I 
ASA't'E.,Ft 
It)I/ 
A,IT! et( 


MOll 
r. A 
258 
251 


252 -' 


251 -'******u'******.*~"'***********************************,..*~**'" 


; RELOAD TIIH' 
INTEr<'Vt1l 


254 
; 


255 -' 
256 , 
257 ; 


258 ; ************************* .•*.•**********".***************.~**'~ 
259 , 
269 
.261 
, 


262 
; 


263 ; 


264 .' 
265; 


266 ; **********'.************************.*********************** 
267 -' 
268 -'TIRET 
269 TIRET 
2i'B 
271 ; 


272 SEJECT 


THE USER'S ~ 
TIHEI1 INTERRUPT ROUTINE i1F 
IT EXISTS) 
COULD 


BE PLACED AT THIS POINT 


uu 
REFRSH 
; CAUSE DI 5PLA'~ TO BE CIf'DATED 


THE COI1PlCTE INTERFlIPT ~:OUTINE SHOULD BE COPIED HERE 


TO SAVE A FULL LEVEL OF 5Ub'ROUTINE NESTING. 
IT WAS WRITTEN AS A SUBROUTINE HE~'E FOR lHE SAKE OF CLAIIIl'f 


TIi'lER 
INTE~:RlJPT RETURN CODE- RESTORES HeC VALUE 
!'tOy 
A, ASAVE 
kETR 
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AP4e 
I NTEL I'tCS-48 
KEYBOAJI()/lH SPLAY APF'l I CATI (Jl 
IfJTE 
fiPf'END I X 


LOC 
OBJ 


0010 
2300 


0012 
39 


0013 
2357 


9015 
6f 


0016 
A3 
0017 
132 


0018 2337 


001A 
6F 


0018 
A9 
oolC F1 
OOtD 39 


001£ 
8821 


002B 
0A 


SEQ 
SOI..lRCE STATEMENT 


273 
; .••********** ••***.**.* ••.•******·.**.•1••• *****.**.** ••••• ***•• 
274 ; REFR~ 
~ROUTINE 
TO n TIPLEii 
SEVEH-SEG/'1ENT DISPLtrr'S 


275 
. 
EACH ou CAUSES THE I£XT 
CHAIIACTEJI TO BE [iISPLfWEI:;. 


276 
; 
ACCORDING TO THE C(JlTENT5 
OF THE SEIJ/'IAf REGISTER 
ARRAY 


277 
. 
REFRSH SHOI.lD 
BE CALLED AT LEAST EVERI' I1SEC OR SO 


278 
.**.**.******.*******.***.***.* 
••**.**.* ••.~*-I<**H*•..•***-I<*U. 
279 ; 


289 
REFRSH 
MO'~ 


281 
OUTL 


282 
fiEFR1. 
1'10',' 


283 
ADO 
284 
MO','P 


285 
iJUTL 
286 ; 


287 


288 


289 
290 


291 
292 
293. 


294 
; •• ***.**•••••*.u*** ••****••*****•.•.********.******** ••**.** 
295 
; 
THE NEXT CHARACTER IS 
NOW BEING 
DISPLAYEr! 
2% 
; 
THE KEyBOARD SCAN ROUTINE 
IS 
INTEGI<fiTED IPno 
THE DISPLAY 
SCAN. 


297 
r 
WITH THE CURRENT ROW ENERGIZEli .. CHECK IF 
THERE FtfIE AN'! INPU1S 


298 
; ********** ••****••*.********.****************************.* 
299; 


300 
SCAN. 
MO',' 
f'NTRe, ~EI'LOC 
.' SET POINTER 
FOR SE'.IERftl 
KEI'LOC REFEflEI(:ES 


391 
IN 
tl, PINPlJT 
; LOAD ANY SWITCH CLOSURES 
302 
; 


303 
; •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


304." 
THIS 
BLO(.I( OF CODE IS 
NOT NEEDED BY THE KEYBOAPf, S(fiN 
LOGIC 
••• 
305;.' 
HOIoIE't'EI", ITS 
lNCllJSI(Jl 
IoWLD SPEED THII(lS 
IJf' Ft BIT 
8Y 
••• 


306 
,.. 
SKIPPING 
O',U: 
ROWS IN IoIHIGH NO KE'r'S APE [iOWN. 
11. 


397 
;.. 
IT WAS OI'tITTED HERE TO CONSERVE ROt! SPACE.. 
BUT tllGHl 
BE 
••• 


388 
,.. 
RESTO~:ED IF 
'~RY 
LARGE KEYBOARDS (ESPECIALL',. 
THOSE WITH EIGHl 
••• 


399 
.•• 
KEYS PER ROW) ARE TO BE USED WITH THIS 
AlGORITHI'I 
••• 
319 
.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


,11 
;.. 
CPL 
Ft 
; ANY CLOSURES [.oETECTED ARE NO:oIONE BI T5 ••• 


312." 
ftNl. 
ft, .INPMSK 
••• 


313; 
•• 
JNZ 
SCftN1; 
- IF 
A KI:Y W 
THE CURRENTL', ENABLED ROW IS 
DO•• , ••• 


314. 
U; 
NO KE',. IS 
NOIoI[iOlolN 50 
THE KEI'LOr 
COIJNT MA',' BE IJP[IA1ED DIRECTL',o 
U. 


315; 
•• 
~101/ 
A. @PNTRB 
Ii. 


316; 
•• 
ft(i(i 
ft•• NCOlS 
••• 


317 
,.. 
~lOV 
~NTRe.. 
A 
m 


:?18 
; U 
JI1P 
SCAN6 
••• 


319 
; •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


328 
;.. 
IF 
THIS 
COOE IS 
lISED. 
SIJB5TITlJTE 
THE 'Je 
SCANS' 
HAIR LINES 
••• 


321;" 
HENCE WITH' 
JNC 
SCANS' 
TO A(:COIIOOATE THE INVERTED f'OLAfi'lTY 
••• 


322 
.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


323 
$EJECT 


ft, .BLANK );f)R SEGf'IX. 


PSGMNT, fl 
; WI1ITE BLANK FArm~1 
TO ~.£(;c·m'ERS 


ft..• CHFSTB 
,LOCI!( IJf' DIGIT 
ENfilllE 
PAnE!?N 


ft, ClfRDIG 
; AD\) CURDIG tlI5PLACEI1ENT 


ft, ~ 
. ENABLE ONE 81 T OF ACCUMULATOR 


f'DIGIT. 
A 
. ENE~GIZ£ 
CHARACTEI" 


110\1 


HOO 


MOV 
MOll 


OUTl 


. WRITE NEXT SEGMENT PATTERN 


; LOAD BASE OF REGISTER 
Al"RAY 


,ADD CURDIG DISPLACMENT 


ft.ISEGI1Iif' 


A, CURIIIG 


PNTR1. A 
H..~PNTkl 
f'5GI'INT.. H 
; LOAD Ace 
W/ NEXT SEGllENT PATTEI'N 


,ENABLE 
APPROPRIATE 
SEll1ENTS 
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infel· 
Ap·40 


ISIS-I1 
PlCS-48IUPI-41 
P1ACROASSEIIBLER, Y2.e 
PIG: 
9 
AP40 
INTEL PlCS-48 KEI'BOffRI)/DISPLAY APPLICATIO:-I t()TE APPENOIX 


LOC 
003 


8821 BD84 
0023 F7 
0024 
RC 
002S F63F 


0027 
A5 
8828 85 


0029 
FE! 
9El2A 2E 
0028 
DE 
f:t82C B829 
eB2E (;634 


324 ; •.• ~*•••.•*********** •.******.** ••.*.*t**** ••••••.•****.*** ••••• 
325 i 
ROTATE BITS T~JH 
THE Cl' WHILE INCI<:EPENTII¥.lKEYLOC. 


326 , •.•****••••• ***********.*********.******.**.*.*** 
•••*••**.*. 
32;' , 
328 SCAN1: 
110\1 
329 NXTLOC: RLC 
:ne 
r10V 
m 
Je 
332 
. 


333 ,**.** •••••• ***••*••• ***••• ***••*********************.*.**** 
334 ;' 
335; 
336 i 
33i' 
; 


338, 
339 ; 
340 ; 
341 ; 
342 ; 
343 
i 


344 ; 
345 ; 
346 ; 
347 ; 


348 .;*******.*********"'***************************** •.•******** •.• 
349 ; 
358 
351 
352 ; 


353 ; **************************._ 
•••**••*••.•*.***** •.•**••***** 
354 ; 
A KEI'STROKEWASDETECTa) F~ 
THE CURRENTCOlUPIN. 
ITS 


355 ; 
POSITI ON IS IN REGI51ER KEYLOC. 
SEE If 
SA/'IE I(EY SENSED LAST CI'ClE 


356 ; *********** ••**••••• **••••• ***.************** ••******.**.** 
357 
; 


358 
359 
360 
361 
362 
363 ; 
364 $EJECT 


SEQ 
SOORCESTATEIlENT 


IMCNT, tNCOL5 


A 
1i'0TPAT,A 
SCAN5 


; SET UP FCf< (1«:tl.5) 
LCJ(l'S THPOOlH 'NXTLOC' 


iSAVE SHIFTED BIT PfiTTERN 


; WE sit 
IN CY INDICATES KEI' t()T [;(JIfj 


HT THIS POINT IT HfiS JUST BEEN DETERI'III£D THAT THE 't'fUIE 
OF KEI'LOC IS THE POSITION OF A KEY WHICH IS NOWDLW! 
THE Ftl.LOWING CODE CEBOUI«:ES THE KEY, ETC. 
IF I'IOOIFICATIONS TO THE KEI'aOARDLOGIC, 
I. E. 
THE INClUSION 
OF A SHIFT, 
CONTIIOL OR P!OOEKEI' III THE KEY IlATRIX ITSELF) 


ARE DESIRED.. THEY SIO.lI) 
BE I'll« 
AT THIS POINT, BEFCf<E 
THE DEBOUNCELOGIC BEGINS 
Fill 
EXAI1PLE" AT THIS POINT 
KEI'LOC (;(QD 
BE C\l1PARE() AGAINST THE POSITION OF TH[ I100E 
KE'~, AND IF THEY "ATCH SET SOMEFLAG BIT AI{) J"'" 
TO 
LABEL 'SCANS' 
OR, 81' COMPARII¥.lKEI'LOC AGAINST THE LAST 
m' 
DEBW«:Ev, 
II1tI£DIATE TIoIO-I(E','Rtl.LO\'ER (;(Qv 
BE 
IMPLEMENTED. 


tu 
CPL 


; t!ARK HilT 
AT LEAST DIE KEY WASDETECTED 


; \ 
W THE CURRENTSCAN 
Ft 
Ft 


MOY 
XCH 
XRL 


110\1 


JZ 


; PNTR9 S1 ILL HOLDS IKEYLOC 
A,~NTR9 
A, LASTKY 
A, LASTKY 
PNTR9. tNREPTS 
SCAN] 


; PREPARE TO CHEcr ANO/aI 1100IFY REPEAT COIJIT 
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infel· 
Ap·40 


ISlS-11 
MCS-48/IJPI 
-41 
I1ACRO ASSEI'IBLER, 
V2. f! 
PAGE 
HI 


AP4e 
INTEL 
MCS-48 
KE~'BOARDiDISf'LfW 
APPLICATION 
I«lTE 
APPENDIX 


LOC 
OB3 


0038 
BOO4 
0832 
!l4:SF 


0034 
FB 
0015 
C63F 
00:17 07 


B!l38 
All 


0039 
~63F 
0038 
FE 


003C 
8822 


003E 
All 


003F 8821 
ll041 18 
0042 FC 


0043 
ED2:> 


0!l45 
EF57 


SEQ 
SOI.J'CE 
STATEMlNT 


365 
;*******.*.****.************~** •.••~••***•••*.*******.***** ••* 


366 . 
A DIFFERENT 
~EY WAS flEAD ON THIS 
CYClE 
TfftN 
01' THE PllEVHlJS 
CYCLE. 


367; 
SET 
NREPTS 
TO THE OEBOIJNCE f'ARAl'ETE~ 
FOR A NEW W,nOOWN 


368 
; •• ***************.****••••"'********.*•••****•••************ 


369 ; 


371 


HOII 


JHF' 


@PNTRfI. tr.iBNCE 


SCANS 


372 .; 


373 
;****••••*.~**.*••******.,.*~************.*.*.****.***.**.**** 


374 ; 
SAME KEY WAS CHECTED 
AS 00 
PREY I OIJS CYCLE 


375. 
LOOK AT NIIEPTS. 
IF 
ALREAD~' ZERO· 
00 NOTHING. 


376 ; 
ELSE 
OECREHENT NREF'TS 


177 
; 
IF 
THIS 
RESiJLTS 
IN ZEI/O, 
MO',iE LASTK~' 
INrO 
KBOBUF 


378 ,.********* ••••• *****•••**.*****.*."'** ••••*"**"*******.***** 
379 ; 
388 SCAN,. 
MO••• 


si31 
382 
383 
384 
385 
386 
387 
388 ; 
389 SCftN5· 
~9B 
:>91 
392 
393. 


394. 
395 SCAN6. 
:5%; 


397 
$EJECT 


.JZ 


A, f!oF'NTR!l 


SCANS 


A 


@PNTRIl.A 


SCANS 


A,LfiSWY 


PNTR!l, IVBDBUF 


~NTR<l,A 


; I F ALREADY ZERO 


; iNOICATE 
ONE MORE SlICCESI~'E 
kH 
llETECTWN 


; IF 
OECREI'IENT DOES NOT RESUlT 
IN ZERO 


; TO I'1ARK NEW KEY CLOSUIIE 


• 
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OEe 
MO'v' 


JNZ 


HO." 


I'IOV 


MOV 


MOil 


INe 


1'101/ 


DJNZ 


F'NTRB. IKE~UtC 


@PNTR9 


R,I<OTPAT 


ROTCm, 
NXTLOC 


DJNZ 
CIJRDIG, SCfiN3 


1·39 


inteJ· 
Ap·40 


ISIS-I 
I 
MCS-48/l1PI-41 
MACRO ASSEMBLER, 
'J2. (I 
PAGE 
11 


AP4!! 
INTEL 
I1C5-48 
KH'BOAli'lVDISPLRY 
Hf'f'LICATlON 
NOTE APPENI)I;~ 


LOC 
OBJ 


9047 
BF88 


0049 
B800 


l!84B 
764F 


004D 
BEFF 


884F 
A5 


005€t 8923 


0052 
Fl 


0053 
C657 


B855 
87 


88S6 
Al 


8857 
83 


SEQ 
5(dJRCE 
5TATEMEN; 


398 , 


399 ,*************"'*****************************"'*****'4<********* 
·48e ; 
THE FOLLOWINfj 
CODE SEGMENT IS 
USED B'~ THE KE'r'BOAR() SCANNING POUTlNE 


481 
.; 
IT 
IS 
EXECUTED ONLY FtfTEI" 
A REFRESH SEQUENCE OF f1lL 
4'32 ; 
_ 
THE CHftFACTE"'5 
IN THE DISPLAY 
IS 
COt'lPLETED 


483 ;****************************t*.***"'***"'>/'t*"'***"'**t**.~"' 
•.••."'''' 


484 
; 


485 
MOV 


486 
MOll 
487 
JFl 


488 
MOll 


489 
5CAN8 
CLI" 
4Hl; 


411 ,********************** 
•.**********************,~************* 
412 
; 
THE NE~:r CODE SEGMENT 15 THE INTERRUPT-DRIVEN 
PORTION OF THE 'DELA'," 


413; 
UTILITY 
IT 
DECREMENTS RAl1 LOCATlON'RDE1AY' 
ONCE PER DISPLAY 
SCAN 


414; 
IF 
'RDELAY' 
IS 
NOT f1lREADY 
ZERO. 


415 
; ***"***.~***********.************"'**HH**"****'H***"'*****h 


CURl)IG, ICHARNO 


@f'lm:e,.lIe 


SCANI3 


LASTKY, lIeFFH 


F1 


; PNT~:e STILL 
CONTAINS 
IIKEY'LOC 


; JUMP 1F ANY KEY''; WERE rJ[TECT~[l 


; CHANG!:: <LASTK'~) 
WHEN NO KEYS ARE DOWN 


416 
' 
417 
110\0' 


418 
t1O~' 


419 
JZ 


428 
DEC 


421 
I'fO\I 


422 
; 


423 
SCAN9 
RET 
424 
, 


425 
; *"'**i'**"'***.***""I'H'·**** •• ·t·,·.•.·,··~.•.·I."t**H*********'t,.t***+.****** 
426 ; 


42~ 
,CHRSTl; 
IS 
filE 
Bi;~,E f-lI~-IH[ f'f'lfTm.s 
10 ENAIlLE 
ONE-OF-CHARNO 
CHARACTERS. 
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PNTRL tRDELfi'r' 


A,@PNTR1 


SCAN9 


A 


~NTRLA 


0057 
4V• CllI":::f8 
~·QI3 
d-l} Ar..:, 
!JFFH 
~.) 


0058 
e1 
4':::1 
[:ot; 
I tk3;J<ciOJ.J.jk (:O~CHRHJL) 


8O~;'90, 
4:'tl 


C' 
j~tlljli0tlWE: 
:~\)F CHRPljll 
. 
~/t· 


e.::SA 
1'4 
,Cl 
[,[, 
,9i:{1<j!)il:ii£ :~%':HRPOLi 


€)(:5t: 
B3 
47.~ 
l!E· 
13O»~1 Hj~1CJE; :';OR CHRPOU 


eese 
1(1 
.1]:' 
r'E' 
..Of:I(I10(l:30S XOP CHRPOU 
O~5~)21.' 
4:<4 
(IF: 
{:)(llOO8tl0f; 
XOR CHRF'Ol) 


00':'0[ 4e 
435 
eof: 
( 0100eOO€tB 
XOP CH~:POL) 
00'51' Be 
4'!t. 
r'E: 
(11)I)t~eB 
XOR CHRF,()L) 
4~;; 


4'R fEIECT 


1-40 


infel.. 
AP·40 


ISIS- 
II 
M(S-48!1IF'H1 
Ii~(~'f) B:<,EI'IE:t.E~.V2 e 
PF(jf 
12 


AP4e 
INTEL 
!'IC~-48 
IT,'f:iOApr';,['ISPLFI'.' 
ftPPlICATION 
NOTE APPENIIIX 


LOC 
08.1 


1~1613D5 
1~1F.18"08 


~C:J6? 8:322 


IWo5 
BOfJ' 
~3f;' Bx21 
0069 B(1(~ 


oo6B n~tl 
006[1 3A 


alt6E 
C5 
oo.;,F 149E 
0071 A5 
0072 23F0 
00{,4 
62 
t~75 55 
~t7f, 
25 


0077 
148:; 


0~79 
8281 


0078 14BA 
~t7D 
14DB 


ge,F 
9477 


0081 2400 


SEI) 


'NITI~LiZES 
P~'OCES:J)f,' 
REGISTERS 


SEL 
RB1 
t'II)! 
CURD I ij, ICHAf:NO 


i10~' 
F'NTRll. '!'Br -BI.lf 
t·to\, 
~F"nRil, IIJHH 
'K'',' 
F'NTF:e, IKEYlOC 
t101.' 
~~m:B, le 


M,)',' 
ft,. IlNf'IISK 
')'.lTL 
"''f'UT, ft. 
SET 
BIDIRECTIONAL 
INf'LIl 
LINES 


SEL 
RE-'0 


CALL 
CLE~; 
UTI LI T',' FOR SETTING 
INITIAl 
DISPLAY 
REGI~TERS. 


CL~' 
F1 


"11)\1 
ft, ITlCK 
; LOO[) 
INTERRUPT 
RATE VftUJE 


MO',' 
T" A 


STRl 
T 


EN 
wm 
;EIlftBLE 
TII'IER 
INTERRUPTS 


H9 
,HIlT 


440 
INIT 
441 
442 
447 


444 
4d5 
J46 
447 
448. 


449 


450 
4S1 
452 


453 
454 
455 
. 


456 , 


457 ,***•.**•.•'*********'***********+****************************** 
458 
. 


459 
,;ECHO 
46e . 
461; 


CHECK f (I~'AN'T' NEW KI::'r'STROKES [HECTED 


TRANSLftTE 
EACH KEI'STROKE 
INTO ft SEGlENT 
PATTERN 


>iIIr' WPlTE 
IT 
INTO TI£ 
APf1?OPRIATE 
DISPLAY 
REGiSTER 
46Z : 


46] ''''****'******'*****~'*******''********'.*************''*''** 
•.*** 
464 
• 


465 
ECHO' 


466 
467 , 


468 
, 


469 
470 
471 
472 ; 
473 
FKE'\' 
.,11\1' 
474 .; 


475 
SEJECT 


GALL 
KBDltl 
.'GEl 
NEXT KE~'STRO<E 


.,IB5 
FIZEY 
,JIJiP 
IF 
t:EY 
IN RIGHTHAND 
COLUI1N 
SHn 
THE Ace IS 
IJSE['o sv ENCACC AND RENTR~'., ns CONTEN1S 
MUST 
BE PI"OCESSEr.- ,)0' ,A','cv 
f:EJ'~'E 
ENCACC IS 
CALLED 


CALL 
WCACC 
; FORM APPROPRIftTE 
SEG/'IENl 
PATTERN 


CALL 
P.ENW,' 
; WI/ITE 
PATTE~:N INTO DISPLAY 
RECilS1ERS 


.,IMP 
ECHO 
,LOOf 
INC>fFINITEL',' 


FUNCTN 
. JUMP TO OFF -pAf'JE 
CODE TO CALL DE/'IO ROUTINE 
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1·41 


infel· 
Ap·40 


IS I 5-1 i t'lCS-48iUF'I-41 
;'iKC~·O HS')aIEU_~·· 
V;: 1.1 
PAGE 
E 


HP4~1 
INTEL 
MCS-4:': 
f,E't'8(iFiF'h'DL:,PLH', 
A~li..l(HTION 
NOTE 'iF'PENI)l;,: 


ftt183 
892.2 


tifl85 
238ti 
0087 21 


13€188 ~'28=~ 
!ro~:A€G8E 


ft0BC 8i 
0e~:O ~~:? 


tll)8E 


tlt18E 
4F 


008F 
11? 
009tl 4E 
~IOSfl ~.~; 


~1~19~:is 
~094 19 
~jij95 24 
tt~~614 


0€197 
15 
0':t98 16 
tt~~9 2~ 


tI~19H 11 


,,1~)9E: 12 


f)~19C L; 


tl\:i9[) 21 


J ~6 
I ;:.+';4:,,: t. , .••.;•..+::+ ·•. ·f··f··;.:+. t'+ +"*.•:*.•.*.t..+:*.j(**.t*:j':+:,+: 
•. :f:,+:.t***************-****** 


J-.-C 
F,' 
niE 
C!)I_~(:lmIG 
SUBROUTINES 
IMPLEMENT 
THE UTILITIES 
C0I-1/1ONLY USED 
FOR 


47'~ 
l'105T 
1:E','80P.~'[.''![)ISF'LA',' 
APPLICATIONS. 


48€1 
7H£',' ':~!,-IL[, 8£ 
USEr' 
EXPCTL~' 
AS SHOWN HERE 
01<:ADAPTED 
FOR 
SPECIAL 
CASES. 
4~~1 


4<:2 
, •.•,*"." rH ,H*·.·.•••·.•••.*••UH***.H·I*.************************ 
48:? 
484' 
VEt'IN 


48'3 
486 
487 
, 
488 ' 
.189 


J?fl 
K8[,IN 
491 


4"2 
4~(~ 


494 


VE'r'p.OA~,[) INPUT 
5IJBF'l.1UTI NE. 


CiAiL[J 
f:E 
IJSEr< 
TO INTE~'I'ACE 
THE USER'S 
BACKGI<'OllNV PROG~:AI'l IoIllH 


THE 
INTEPF"JPT 
[)RIVEN 
'EYBOA~:[i 
SCANNER. 


~'EilJ~N:: uflL',' 
AFTER 
A NEW fT6TROKE 
HfiS 
BEEN 
DETECTED 
AND DEBOUNCED. 


E.N(,)l,E[) ','ALiJE 
OF fT,' 
(~ATHER 
T~ 
ITS 
POSiT!')-j 
IN 
SWITCH 
MATRIX) 
IS 


F'ETU:;:Nc[) 
H~ THE 
ACCI}1ULRl G~·. 


11:)1/ 
pm~'L IfHo£!UF 
11')',' 
FI..8tf~ 


:<CH 
~, 1~F'~rrRl 
JK 
K8DIN 


H[if, 
H' #LE GN[)5 


HOVP 
H, I~A 


~ET 


,KBDBUF 
WILL 
~~ 
MARKED AS CLEAR 


,LOAD 
BUFFER 
vALUE 


.:AW 
8ASE 
OF KEY ENCODING 
TABLE 


; OBTAIN 
8'r'TE 
REPRESENTING 
KEY SIGNIFIUlNCE 
J96 
497 


4?c: 


49~ 
. LEGN[)S 
IS 
THE 8RSE 
F~' 
TABLE 
SHOWING 
kE'r' 
MATW; 
SIGNIFICANCE 


5~lrl 
FOil 
THE VEl'BOAF'li 
USED 
IN 
THE F'ROTOT't'PE. 


5131 
I:E,' 
Lf!','OUT 
IS 
AS 
SHfJloIN TO THE I<IGH1. 


'ji,fj 
'mTE 
THAT 8IT':-S!T4 
IlA''; BE U~~D 
TO ENCOliE 
KEY TYPE 
IN 
THIS 
CASE. 


~,<14 
BliJ 
WDICATES 
REGtlAR 
DECIMAL 
DIGiTS, 


513'5 
~:!T5 
rNDiCA~ES 
RIGHT-COLUMN 
FlINCTIml 
KE'6, 


5~16 
Eo 1T':' 
INfoICATE5 
Pt~ICTlJATIO'i 
11AI<K5 ( 
'" AND I 
) 


~{t8LEGN[>S 


5139 


5113 
511 
:'12 
5B 
514 
51~' 


516 
517 
518 


51? 
52~ 
5~1 


C;'",- 
-sc : 
::24 


~i25 $EJ~C~ 


mJ 
i $ AN{', I3FFW' 
.. USE 
LOW OI<tJER 
B ITS 
AS TABLE 
It«X 
~)B 
4FH 
'is 
ltlH 


r'B 
4EH 
[;S 
28H 
PDIGIT4==} 
1 
2 
3 
(1) 


r'b 
1711 
os 
18H 
PC'IGIT5==) 
4 
J 
6 
(2) 
os 
BH 


[>EI 
24H 
F'DIGJT6==) 
? 
B 
9 
(3) 
[,B 
14H 


fiEl 
ISH 
PDIGlT7==) 
~ 
0 
• 
(4) 


[>1:- 
16H 


OB 
22H 


[,E· 
ilH 


[!E: 
12~ 
1/ 
V 
V 
Y 


[if: 
EH 
F'INF1JT7 
PINPIJT6 
PINPUT5 
PlNPUT4 


DB 
21H 


All mnemonics 
copyrighted 
© Intel Corporation 
1976. 


1-42 


infel· 
AP·40 


1515-11 
HCS-48/IJPI-41 
NH(FO fl5SEMBLER, 
V2. ~ 
PAGE 
14 


ANe 
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APPLICATION 
NOTE 
APPENtJIX 


LOC 
06J 


~O9£ V38 
aef!0 
8938 


eaR2 BF08 


ililf14 
I'll 
'!fIAS. 19 


B0fl6 
EFA4 


00fl8 
BFBB 


0ftAA 83 


eeAB F8 
Befit: R3 


OOA{) C684 


il0flF 
14D9 


OOB1 18 


ooB2 
B4AB 


0€t84 83 


0085 


OOB5 lE 


tlOO6 se 


OflB? 74 


(teBS '54 


ettB9 
tl8 


SEt;) 


c: •...,.., 
.•,,-,' 
526 . **>i'*~."******~***l<·H' .'*,.•..*******,.***********************"'* 


SOURCE STATEt1ENT 


528 
: CLERR 
~S29 


53ft: 
FILL 


531 
CLEAP. 


512 
FILL 


534 
CL~:l' 


5~5 
536 
51.7 


~lTES 
'8LANI<" 
CHARACTERS INTO ALL DISPLAY 
REGISTERS. 


F'ETIJRN5 ~HTH NEXTPL SET TO LEFTt105T 
CHARACTER POSITION 


.IRlTES 
5~GMEm 
PfiTTERN NOW IN Ace 
HlTO ALL C-ISPLAY REGISTERS 
~tO\l 
A, .BLANK 
:\OP. 
SEGF'Ol 


MO'" 
PNTR1, #SEGM·1 


MOll 
NE~<TPL #CYARNO 


~11)\I 
@PIIT~:!.,P 


HIC 
PNTR1 


DJ"IZ 
NEXTPL CL"'l 
t10V 
NEXT?L.. »CHARNO 


RET 


·ST~i 
THE BLANK CODE 


. POI NT 10 NEXT CHARACTER TO THE LEFT 


5313 
5]9: 


549 ; ***,l<.ot********************************"'******************** 
541 : 


542 
: PRINT 
543 .• 


544: 
545 .: 
546 . 
547 ,: 
548 ,: 


549 
PRINT: 


5.Ja. 


551 
552 
553.:1lI 
554 
55'5 


556 
F'RNTl 
5~7 ; 


SUBROUTINE TO COP\' H STRING OF BIT 
PATTERNS FRtt1 ROM TO THE 


DISPLAY 
REGISTEr.s 
STRING STARTS AT LOCATI[)j 
POINTED TO BY PNTR0. 


CONTINUES UNTIL 
AN ESCAPE CODE (9FFH) 
IS 
REACHED. 


NOTE THAT THE CHARACTER STRING PUT OUT MUST BE LOCATED ON TI£ 
SAlE 


PAGE AS THIS 
StJBR(tIJTI"lE.. 
SINCE SAME-PAGE MOVES ARE USED. 


PRINT 
IN 
TlIRN CALLS EITHER 
~JJBli:illITINE 
'WOISP' 
OR 'RENTR't" 


TO ACTtJAlL-~ EFFECT WRITING 
INTO THE DISPLfl'r' 
REGISTERS. 


~10'" 
A, PNTRa 
: LOAD NEXT CHARACTER LOCATION 


MOYP 
A,@A 
,LORD BIT 
PATTERN INDIRECT 
J Z 
PRNTl 
; ESCAPE PATTERN 


CALL 
WOI5P 
,OUTPUT 
TO '£XT 
CHARACTER POSITION 


ICALL 
RENTR'I 
INSTEAD 
IF 
MESSAGE IS 
TO BE RIGHT JUSTIFIED) 


I Ne 
PNTPll 
; I NtJEX POINTER 


.IMP 
PR!NT 


PET 
, DONE 


558 .:*************************"'**"'********************* 
.•.******** 
559 : 
:f.e : JOHN 


561 i 


562 
JOHN 


563 


564 


565 
56£. 


567 


56B 
: 


56? 
$EJECT 


A~AY 
HOLC'S THE BIT 
PATTERNS FOR THE LETTERS 'J(Hj' 
(SEE 
'TE5T2') 


(NOTE THAT 'OHN' 
IS 
WRITTEN IN LOWER CASE LETTER~) 


mu 
$ AND 0FFH 


DB 
9eel1110B 
~~JR SEGPOL 


[;B 
019111808 
XOI< SEGPOL 


r-B 
€111101U0a XOR SEGPOL 


r£ 
e10101BBB 
XUR SEGPOL 
[J8 
00 
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Af'40 
INTEL 11(5-48 
KEYB(iA~'lV1.)ISPLAY flF'PLI CAT! ON litHE 
APPEND1:< 


LOt; 
OBJ 
\ 
SOURCE STATEI1ENT 


ti0BA 531JF 
etl8C ~Gce 


OOBE A3 
aOBf 33 


570 ; *************.•~.••*******************.t******•.•*.•************ 
571 
' 
'572 
; ENCfiCC ElICODES LSNlBEH 
OF ACe INTO HEX E<IT HmER~1 
INTO ACe 


57] E~FtCC 
ANt. 
Fl,IEHeMSI'; 


574 
RO!.i 
R, 8DGf'flTS 


575 
MOW 
Ft, I~A 
576 
~'ET 


577 
,C'GPHTS 
IS 
THE t:ASE FOR THE TAEU 
OF ~fj~1ENT 
PATTERNS FOR THE BASIC 
:,78 ..['lGP; 
HERE THE FULL HEX SET 'v-F! 
IS 
INCLUDED. 


-:;~9 'FOil 
IIRN'" U:'U' ~F'·UCAT!0I6, 
T~ 
CHARACH:::~ SET MAY BE AMENCIfDOR AUGl'lENTE[J 


58e ,TO !NCU.H 
A{)(ilTImlAL 
SPEClflL PURPOSE PftTTE~N5. 


'):,:1 
,FORHRi 
IS 
PfjFEDCBR 
IN 5TANDfWD SEVEN-SEGMENT ENCODWG WINENTlON 
582 
, 
IoIliH'E P REPRESENTS 
THE DECIMAL POINT 
et(:~ 
583 [)OPATS 
EQlJ 
S AlII) BFTH 


€lftCIJ 
?F 
584 
DB 
001111118 
:1:1R ,EGPOL 


00(1 
il6 
585 
DB 
0000»111:18 
~OR 5EGPOl 
001:.258 
%'6 
00 
~lel1el1B 
'{OR 5EGPOl 
~n 4F 
587 
(lB 
eW(111118 
:<OR SEGPOl 


eec4 
66 
588 
liB 
01!OOl1€1B 
:~DI" SEGPOl 


OOCS 6fi 
589 
[)f: 
1311€tlll!tlS 
XOI" ~.£GP!)l 


OOC';, 7V 
598 
OB 
01111191B 
X(lR SEGPOl 
flOC7 Oi' 
591 
D8 
~013~10111B XOR SEGf'OL 
0OC8 iF 
592 
OB 
01111111B 
XOR 
5EGPOL 


00(9 
6(' 
593 
liB 
~l1l3el11B 
XOR 
SEGPOl 


OOCA 77 
594 
roB 
~1W)111B 
r.OR 
5EGPOl 
eecs 7C 
595 
l'of: 
011:1.1108B 
:~O~' SEGPOl 
~:c 39 
596 
00 
001110018 
XOR 
SEGPOl 
OO([,'5E 
597 
r<B 
1310111100 
:~Of1SEGPOL 


OOCE 79 
598 
DB 
01111001E: 
,:OR SEGPOl 
Bf.tCF 71 
599 
roB 
€l11lOOO1B 
i:oR 
SEGP\l. 


6!!13, 


6131, *****~"'**~"'.*t****t***.******.**************************** 
~2 ' 
6~3 ; W[>lSP 


lIOO\l A9 


0001 
FF 
(1002 8331 


00D4 29 
fIl()5 
A1 


001)6 EFDA 
9!!(i8 
BF88 


OOIAl 83 


6e4 ' 
60S; 
6e6 W()[SP 
~? 
688 
61:19 


618 
611 


612 


613 
WDISF'l 
E:t4 
: 


615 
SEJECT 


IoII1!TES BIT 
PATTERN NOW IN ACe INTO NEXT CHARACTEP P05ITlW 


Of THE DISPLAY 
(NEnpl). 
AOJIJ5T5 
NEi<TPL POHlTEI<' VALIJE. 


IIESlIlJS 
IN [)ISPLA~- BEING FILLEr- 
LEFT TO RIGHT, 
THEN RESTARTING 


'10. 
PNTRL A 


MOll 
A, NEXTPL 


flPD 
A, lSEGMAP 


XCH 
H, PNiR1 


MOV 
~Plml,A 


OJNZ 
NEXTPL I4DISP1 
11011 
NEXTPL tCHARNO 


RET 
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Af'F'llCATlON 
NOTE APPENDIX 


LOC 
OB] 


OODB 8938 
OOD[; 8F% 


aeDF 21 
OOHI 19 
00E1 EFDF 


OOC 
BFIlB 


~0E5 ;,} 


00E6 Dttl 
00£8 ~G3~ 
l~R 
f19 
IJ0EE:~1 


iJOEC n::;~ 
tllH Al 
ttl)EF 8] 


OOFe os 
(l0Fl 
FE 


0ttF2 C5 
ttOF3 37 
~~F4 96Fe 
tflo)F6 83 


aeF7 
B923 


001'9 
Al 


BilFA F1 


OOFB 96FA 


OOFD 83 


SE!) 
SOURCE STATE~1ENT 


616 ,*1<~*1<**~."**,*"*~ 
.•*~.*·.u*~ ••.•*.**.,t***t** .••••*.*.***** ••• *.* 
617 
~13 
RENT"", SIJB":otJTIrlE 
T'J ENTER ACe CONTENTS INTO THE RIGHT~T 
vIGIl 


619 
. 
'IN(' '5HIFT 
EYEWTHING 
ELSE ONE FtFlCE 
TO THE LEFT 
620 ~·ENWJ· 
1.10',' 
F'rHRL JSEIJI'1ftP+1 


621 
MOV 
~'E·"TPL. ICHARNO 
622 F;ENTPl 
;~CH 
fl. 1~~mRl 
62:; 
IN'~ 
P~IWl 
624 
DJNZ 
NEXTPL .IIENTII1 
62'5 
MOI/ 
NE>:TFL tCHARNO 
; POINT 
TO LEFTI'10ST CIftACTER 
626 
~'ET 


628 ; ·tt*.uu·u** •• " •.t.••**.•.t.•.•.•••.••.• 
HH********.'t.** ..••.•****••• u •• * 


t;;"? 
. 


63~ 
; •.[;PAW 
TOGGlE £.oEC!MRLPOINT 
HI LAST CHARACTEf: DISPLAY 
CHARACTER 


6]1 
. DPRW 
TOGGLES rE!I'1FiL 
POINT 
IN THE CHARACTER POINTED TO BY THE ACC 


6::2 
' 
6~3 Pff'AW. 
/ll)V 


634 
[,PA[l(" 
AW 


MOll 
toj(;',' 


',:RL 


MOo.; 


RE: 


637 


H,181H 
ft,ISEIJMftP 


PNT~l· 
>t 


M.'~NTPl 
~. IS0fl 
tlf'NTR1. fj 


'SET 
lNOEZ 
TO RIGHTW".JST POSlTI~ 


. AIXt:55 DISPLA',' 
REGISTER 
FOR DESIRED 
ftfICE 


EA!!. 


641 
. 'u·~~ ~.~*****************************************.****.***** 
E.42 . 


64] 
; HOl[l 
~44 ; 


645 
HOLD' 


646 


647 
648 
649 
~5a 
6~;1. 


652 
;**~************.***••*****.*****.*.***.*****.***** .•*.****** 
653.; 


654. 
DELAY 
655 .; 


656 
DELA'r" 


657 
658 
DRA','!. 


1'.'59 
6':'!! 


661 
fEJECT 


SUBROIJTlNE CALLED WHEN KEY IS 
KOOfI 
TO BE DOWN. 


WILL NOT RETIJHN !'IT I L KE'r' IS 
RELEASED. 
sa 
1\'81 


/11)1/ 
F<, LASTK', 


SEt. 
~Be 


CPL 
A 
JNZ 
HOLD 


RET 


. (LflST~I')=OFFH 
IFF t(l I<.'EIISDOWN 


SUBROUTINE HANlJS UP FOfi H£ NIJI'lBER Cf ClWlHE 
[;ISPlfll/ 
SCANS EQlR. 


10 THE CQlHENTS OF THE AU.UI'U.ATOfI 
WHEN CALLEr.. 


MO',' 
PNT~:L iR[lELA'r' 
MO\! 
@f'NTRLfj 


110',' 
f1.~F'NW! 


HlZ 
CHA'r'1 


RET 
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AP40 
INTEL 
1IC!-41': 
I:EYB(~[VDISPLftY 
AF'PUGHTlOtj 
N01E 
APPENVIX 


LOC 
OBJ 


t1100 
121•• 


81B2 
3291: 


'3104 
529A 


81tl6 14H 
l!le~: 'l477 


elBA ?42E 
eHlG 
0477 


010£ 
3424 


8110 
84(' 


0112 
3416 
8114 
8477 


8116 
BF88 
8118 
B&1l3 


911A 
FF 


011B 
14811 
€t11D 1400 


811F 
EB1A 


0121 
BF08 


0123 
83 


SE!) 
50IJPCE 
STATEr-IENi 


€.£2 (lPG 
HJ0H 


663 
' 


6(.4 
r ~.~*.** 
.•**.,••u*t~** •.•**~*.***.**~*.*.***u******~******** 
665 
; 


,,£.6; TliE f,oo£ 
ON THIS 
PAGE IS 
FI» 
[lEl1CJNSTI?ATlOll PURPOSES 
ONLY- 


6£·7 
. I TRUEL." r'OtIBT PlHETHEF' AlI'l' ENO I.ISEPS flOllD 
LIKE 
TO SEE A NAI1E 


668 
; POI'P I NG UP ON TYE I ~ CRlCI.1LFtTUP SC~'EENS 


6~9 
; HOWEvER 
THE ('f)()E 
SHOIolNHE!?E OOES It{)ICATE 
HOW THE UTILlT'r' 
SUBROUTINES 
;7e ; WeLtIDf(, 
HH'E UdJL(, 
E:E PCCE5SED 


671 
. THf. ~'OI.lTIIIES 
~'iEI1SEL \ifS 
RF:E CALLE[) WHEN ONE OF THE FOUR BUTTONS 


67<' 
0'1 THE ~\GHT-HAN[) 
~:IDE OF THE F'P010WPE 
KEYBOAFD 15 PRE5!'.£D. 


~.74 .• **'U****.***U'***.*4·••*********",****·~*****U****"'******~ 
E.~5 . 


676 
. ~UNCTN P.OIJT!Nf: 
TO H1F'LEMHjT ONE I)~ ~OIJR DEI'\/) UTILI TIES, 
ACCORDIIll 


6','7 
; 
TO IojfjICH OF THE FOIJP FI.~n 
I ON KE','S IoIIlS PI1ESSED 


67& FIJNCHjlBll 
FI.INCT1 
6~? 
')B1 
~I.INn2 
68~ 
.)E:2 
FIJNCn 


681 
682 
Ft~ICT4 
683 
E.84 
. 
685 FUNcn 
f.8E. 


687 
; 


688 FIJU2: 
68~ 


6ge ' 
691 FIJNCTi· 
692 
693 ; 


694 
,;*******.***************************.************************ 
695· 
£.96 
; lEs11 


697 
TE511: 


698 


699 
15T11 


7a8 


781 
702 
7e3 
7114 
785 . 


786 
SEJECT 


CfU 
RDPAOO 
J"tP 
ECHO 


CHLL 
rrsn 


JMP 
ECHO 


CAlL 
lEST2 


JI1I' 
Eel(l 


CALL 
lESTl 


JI'f' 
ECHO 


CODE SEGl'lENT TO FILL 
DISPLAY 
p.EGrsm:~. 
WITH DICiITS 
[)()WN TO '1' 


MO\! 
NEXTPL .CHARt/{1 


I'IO~' 
PNTR0,ICHARNO; 
SET FOR EIGHT 
LOOP REPETI1 
IONS 


MO\! 
A, NEXTPL 


CALL 
ENrACC 


CAlL 
WOISP 


kIN, 
PNTR0, TST11 
; CI»~' 
NEXT (lIGIT 
INTO DISPLfi',' 
RECiISTERS 


MOI/ 
NEXTPL ICHARNO 


RET 
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NOTE APPENDIX 


LOC 
OBJ 
SJ)I~CE STATEI'IENT 
SEQ 


0124 B8B5 
0126 
14AB 
8123 2364 
~12A 14F7 
B12C (t49E 


7i3? 
; ***•••• ***.*~*******.****.********************************* 
7€t8, 
7~9 'TES12 
7HI; 
711 TE512 
m 
713 
;'14 


71'5 
('16 ' 


717 ;**t****,t**H'~****~********~'******************************** 
718 , 
719; TEST? 


1oIR1TE5THE SEGl'lENT PATTERN FOR 'JOHN' 
ONTO THE DISPLAY, 


WAITS FOI< ~ WHILE, IfID THEN CLEAf:5 THE DISPl~' 


HOI! 
F'NTR0,~,1OHN 


CALL 
F'F'INT 
110\,1 
H, 1100, 
SCAN DiSPlAY 
FOR 100 CYCLES 


(:All 
DElAY 
)t1f' 
GLEAP 


72~ ; 


9JBROJJTlNE TO FILL 
D1SPlffY 
WITH DASHES 
JUMPS INTO SUBROIJTlNE 'CLEAR' 
I'IS S(R)N ss THE m' 
IS IIElERSE[) 
~~)V 
fI, '81000סס00 
I(OR SEGPOL ; PATTERN FOR' -' 
012E 234~ 
01313 HAS 
~E2 14F0 


13134 1349E 


721 ; 


722 TESt? 
m 
CALL 
FILL 
/24 
CAll 
H{IL[, 


725 
.IMP 
CLEAR 


726 
; 


727 ,tH******H't*****.*****'*********************"'************** 
;:'28 
' 
729 EN{) 


lISE~' S~'ME:OLS 


ASfl'~E 
0082 
BLANKסס oo 
CHARNO8008 
CHJ;'POlסס oo 
CHRSTB 0057 
CLEAP 
ee9E 
CLRl 
00A4 
caDlG 
11997 
fU.NCE 
0004 
DELAY 
[!f:1F7 
DELAY1 tl0Ff1 
OOPATS llOCB 
DPA[)I) 
9eE8 
ECHO 
9877 
ENCACC09BA 
ENCI1SKIl89F 
FILL 
00Atl 
FKEY 
0081 
FIJNCT1 ~112 
FIJIU2 
alaE 
FIJNC13 910ft 
FLINCH 0186 
FlJNC1N 9100 
IO..D 
OOFO 
INIl 
0069 
!NPMSI( fN!H 
JOHN 
0085 
V8(lBiJF 0~22 
KOOIN 
0083 
KEI'LOC 8821 
LASTKY eee6 
LEGIaJS Il98E 
NCOLS 0004 
H[GlO(; 
OOFF 
NEXTPL B007 
N!1EPTS 982e 
NROWS 0084 
NXTLOC 0023 
PDIGIT 
8818 
PIIf'UT 
9009 
PNTR~סס oo 
PNTRl 
8001 
POSLOOסס oo 
~'INT 
OOAB 
PFNT1 
00B4 
PS&lNT BOOS 
RDELAY 0023 
RDPAOO98E6 
PEFRl 
001: 
REFIISIi ~el e 
~'ENTRl OODF 
RENTIIY OOIlB 
ROTCNT 9005 
ROTPAT 0084 
SCAN 
981E 
SCfItl 
8921 
:UfE 
00]4 
SCHll5 
003F 
SCAN6 
0045 
SffiN8 
004F 
SCAN9 
0057 
SEGItAP 9837 
SEGPOL eeee 
TEST1 
9116 
TEST2 
8124 
TESB 
tll2E 
TICK 
FFF0 
T1INT 
0007 
TlRET 
000E 
T5T11 
!l11A 
WOISP 
8900 
WOI5P1 980A 


ASSEMBl~' COPIPlETE, 
NO ERRORS 
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ISIS-JI 
ASSEIIBlEI1SVI9l. 
Cf<OSSREFERE"-'£, "'2(1 
PfG: 
1 


ASA't'E 
282. 
249 
269 
BLAPt: 
1791 
289 
531 


C.HARNO173. 
220 
495 
441 
533 
r:~'" 
612 
621 
625 
697 
698 
703 
.J~r 
C.HRPOl 169. 
429 
430 
431 
432 
m 
414 
435 
436 


Cll<STB 282 
428. 


ClEAI1 
449 
5311 
715 
725 


elF1 
5:.>4. 
S36 
CIJRDIG 206. 
283 
289 
395 
495 
441 
DEE-'NCE178. 
378 


DELfW 
6561 
714 


LoElR'l'l 6'58' 
659 
[,GPAiS 
574 
583. 
DPA!)f' 
634. 
ECHO 
465' 
471 
683 
686 
689 
692 
ENCACC 469 
573. 
700 
ENCI'ISKm. 
S73 
FILL 
532. 
7-''',~ 


FKEI' 
466 
4m 
FlINCT1 678 
6911 
F!JNtT2 
679 
68St 
FLINCH 689 
685. 
FlKT4 
6821 
FIJNCTN 473 
678. 
HOLD 
645. 
649 
724 
INIT 
236 
4491 
INf'l1SK 1711 
446 
JMl 
562. 
711 


KSOOlf 
214. 
386 
442 
498 
KBDIN 
46S 
498. 
493 
KEI'LOC 213. 
300 
389 
444 
lASTKI' 
295. 
359 
368 
38S 
498 
646 
LEGNI)S 494 
508. 
InlS 
175. 
128 
NEGLOG 167. 
NEXTPL 193. 
533 
536 
537 
687 
611 
612 
621 
624 
625 
697 
699 
793 
NREPTS 212. 
361 
NR~S 
1741 
NXTLOC 3291 
392 
POIGIT 
158. 
285 
PINPUl 
1691 
301 
447 
PNTR9 
1911 
'300 
358 
361 
379 
389 
383 
386 
387 
389 
398 
496 
442 
443 
444 
445 
549 
554 
698 
792 
711 
PNTR1 
192. 
2ge 
291 
417 
418 
421 
498 
492 
532 
534 
535 
686 
699 
618 
628 
622 


623 
635 
636 
638 
656 
657 
658 
P05LOfi 166. 
169 
179 
PRINT 
5491 
555 
712 
PI1NT1 
551 
556t 
PSGItNT 1591 
281 
292 
fIDELA\' 2161 
417 
6S6 
RDPAOO 633. 
682 
REFR1 
282. 


" REFRSH 268 
2891 
REliTi'll 622. 
624 
Ji'EIHRI' 479 
628t 


All mnemonics copyrighted 
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1515-(( 
RSSEI16'W' 
SVl'o8lt 
CROSS REFEflEt«:L 
V2 B 
PAGE 
2 


I<OTCNT 
2134. 
328 
392 


ROTPAT 
203. 
:;30 
:!91 


:CfiN 
Sl3eJ 


SCAN1 
:QBI 


SCANs 
362 
380. 


~Ci1Ii5 
331 
371 
381 
384 
3891 


:-CAN6 
3951 


SCANS 
487 
4I;l9. 


SCAN? 
395 
419 
423. 


5EiJI1AP 
22a.t 
2813 
532 
608 
6213 
- 634 


SEGf'OL 
1791 
2Be 
531 
563 
564 
565 
566 
584 
585 
586 
587 
SW 
SS9 
5ge 
591 
~92 


593 
S94 
59'5 
5% 
597 
598 
599 
722 
TEST1 
691 
697. 
TE5T2 
6BB 
7111 


lESE 
6SS 
722. 
TICK 
mt 
25e 
451 
T!lNT 
248' 
TlRET 
269. 
T5T11 
699. 
702 
W['lSF' 
552 
6136. 
,ftl 


WfJISPl 
611 
613. 


CI/OSS 
REH.IIENCE 
CCfIIU 
lE 
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INTRODUCTION 


The Intel<l>MCS·48 family of microcomputers 
marked 
the first 
time an eight 
bit computer 
with 
program 
storage, data storage, and 1/0 facilities was available on 
a single 
LSI chip. 
The performance 
of 
the 
initial 
processors in the family (the 8748 and the 8048) has 
been shown to meet or exceed the requirements of most 
current applications of microcomputers. A new member 
of the family, however, has been recently Introduced 
which promises to allow the use of the single chip 
microcomputer in many application areas which have 
previously 
required 
a 
multichip 
solution. 
The 
In- 
tel<l>8049 virtually doubles processing power available 
to the systems designer. Program storage has been in· 
creased from 1K bytes to 2K bytes, data storage has 
been increased from 64 bytes to 128bytes, and process- 
ing speed has been increased by over 80%. (The 2.5 
microsecond instruction cycle of the first members of 
the family has been reduced to 1.36 microseconds.) 


It is obvious that this increase in performance is going 
to result in far more ambitious programs being written 
for execution in a single chip microcomputer. This ar- 
ticle will show how several program modules can be 
designed using the 8049. These modules were chosen 
to illustrate the capability of the 8049 in frequently en- 
countered design situations. The modules included are 
full duplex serial 110, binary multiply and divide routines, 
binary to BCD conversions, and BCD to binary conver- 
sion. It should be noted that since the 8049 is totally 
software 
compatible 
with the 8748 and 8048 these 
routines will 
also be useful directly 
on these proc- 
essors. In addition the algorithms for these programs 
are expressed in a program design language format 
which should allow them to be easily understood and 
extended to suit individual applications with minimal 
problems. 


FULL DUPLEX SERIAL 
COMMUNICATIONS 


Serial communications have always been an important 
facet in the application of microprocessors. Although 
this has been partially due to the necessity of con- 
necting a terminal to the microprocessor based system 
for program generation and debug, the main Impetus 
has been the simple fact that a large share of micro- 
processors find their way into end products (such as In- 
telligent terminals) which themselves depend on serial 
communication. When it is necessary to add a serial link 
to a microprocessor such as the Intel<l>MCS·85or 86 the 
solution is easy; the Inlel@8251A USARTor 8273 SDLC 
chip can easily be added to provide the necessary pro- 
tocol. When it is necessary to do the same thing to a 
single 
chip 
microcomputer, 
however, the 
situation 
becomes more difficult. 


Some microcomputers, such as the Intel 8048and 8049 
have a complete bus interface built into them which 
allows the simple connection of a USART to the proc- 
essor chip. Most other single chip microcomputers, 
although lacking such a bus, can be connected to a 
USART with various artificial 
hardware and software 
constructs. 
The difficulty 
with 
using 
these 
chips, 


00670A 


however, is more economic than technical; these same 
peripheral chips which are such a bargain when coupled 
to a microprocessor such as the MCS·85or 86, have a 
significant cost impact on a single chip microcomputer 
based system. The high speed of the 8049, however, 
makes it feasible to implement a serial link under sott- 
ware control with no hardware requirements beyond two 
of the 1/0 pins already resident on the microcomputer. 


There are many techniques for implementing serial 110 
under software control. The application note "Appllca- 
tion 
Techniques 
for the MCS·48 Family" 
describes 
several alternatives suitable for half duplex operation. 
Full duplex operation Is more difficult, however, since it 
requires the receive and transmit processes to operate 
concurrently. This difficulty 
is made more severe if it is 
necessary for some other process to also operate while 
serial communication is occurring. Scanning a keyboard 
and display, for example, is a common operation of 
Single chip microcomputer based system which might 
have to occur concurrently with the serial receiveltrans· 
mit process. The next section will describe an algorithm 
which implements full duplex serial communication to 
occur concurrently with other tasks. The design goal 
was to allow 2400 baud, full duplex, serial cornrnunica- 
tion while utilizing no more than 50% of the available 
processing power of the high speed 8049 rnlcrocom- 
puter. 


The format used for most asynchronous communication 
is shown in Figure 1. It consists of eight data bits with a 
leading 'START' bit and one or more trailing 'STOP' bits. 
The START bit is used to establish synchronization be- 
tween the receiver and transmitter. The STOP bits en- 
sure that the receiver will be ready to synchrontze itself 
when the next start bit occurs. Two stop bits are nor- 
mally used for 110 baud communication and one stop 
bit for higher rates. 


START 
BIT 
01 
02 


UL.........l.-...L.-...L--L.-.l..-...l.....--L-...I 


STOP 
03 
04 
05 
06 
07 
08 
BIT 


Flgur.l. 


The algorithm used for reception of the serial data is 
shown in Figure 2. It uses the on board timer of the 8049 
to establish a sampling period of four times the desired 
baud rates. For 2400 baud operation a crystal frequency 
of 9.216MHzwas chosen after the following calculation: 


f = 480N(2400)(4) 
where 480 
is the factor by which the crystal fre· 
quency is divided within the processor 
to get the basic interrupt rate 
2400 
is the desired baud rate 
4 
is the required number of samples per 
bit time 
N 
is the value loaded into the MCS·48 
timer when it overflows 
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The value N was chosen 
to be two (resulting 
in f = 9.216 


MHz) so that the operating 
frequency 
of the 8049 could 


be as high as possible 
without 
exceeding 
the maximum 
frequency 
specification 
of the 8049 (11 MHz). 


; ST~T 
(J' REC£11r{ROOTII£ 


i=====--==== 


; 1 IF REC£11r{Fl~ 
TI£N 


; 2 
IF SERlfl. 
1tf'UT=SPACETI£N 


;] 
REC£11r{~:=1 


; 3 
BYTEFINISI£D ~: 
=8 


;2 
EII)IF 


; 1 ELSE 
SINC£ REC£11r{Fl,.;..-t 
Tl£N 


; 2 
IF SYN: ~ 
TI£N 


; 3 
IF SERlfl. 
1tf'UT=SPfU 
Tl£N 


; 4 
SYN: FLffi· =1 


,4 
DATA:=88H 


; 4 
Sfff'\.E 
CHTR:=4 


; ] 
ELSE 
SINC£ SERlfl. 
1tf'UT=161( HO 


;4 
REC£11r{Fl";:=8 


;3 
OOIF 


; 2 
ELSE 
SINC£ S'M: Fl";:1 
TI£N 


; J 
SAPI'lE ~m: 
=5A!I'lE ~R-1 


; 3 
IF SAPI'lE ~ 
HO 


; 4 
SAPI'lE CWfTER: =4 


; 4 
IF BYTEFINISI£D Fl~ 
TI£N 


; S 
CIlRI"V:=SERIfl. Itf'UT 


; 5 
SHIFT OOTARIGiT WITHCIlRI"V 


; 5 
IF CIlRI"V=1TI£N 


; 6 
Il<DATA:=DATA 


,6 
IF DATAREfl>YFlflJ=8 
Tl£N 


; 7 
BYTEFINI5I£D 
FL";:1 


; 6 
ELSE 


; 7 
BYTEFINISI£D Fl";:=1 


; 7 
D'tURlH 
FlAG:=1 


;6 
Ell) IF 


;5 
OOIF 


; 4 
ELSE 
SUU 
BYTEFINISI£D Fl";:1 
Tl£N 
; 5 
IF SERlfl. 
1tf'UT=I6I( 
Tl£N 


, 6 
DATAREADYFL";: =1 


; 5 
US!: 
SUU 
SERIfl. IIf'UT=SPACE TI£N 
; 6 
ERI/flI Fl";: 
=1 


;5 
OOIF 


; 5 
RECfIYE FL"; =8 


;5 
51'1«: FL";=8 


,4 
OOIF 


; 3 
EII)IF 


;2 
EII)IF 


'1 
ENDIF 


Figure 
2 


The 
timer 
interrupt 
service 
routine 
always 
loads 
the 


timer with a constant 
value. In effect 
the timer is used to 


generate 
an independent 
time base of four times 
the re- 


quired 
baud rate. This time 
base is free running 
and is 


never 
modified 
by either 
the 
receive 
or transmit 
pro- 


grams, 
thus 
allowing 
both 
of 
them 
to 
use the 
same 
timer. 
Routines 
which 
do other 
time 
dependent 
tasks 
(such as scanning 
keyboards) 
can also be called periodi· 
cally at some fixed 
multiple 
of this 
basic 
time 
unit. 


The algorithm 
shown 
in Figure 
2 uses this 
basic 
clock 


plus a handful 
of flags 
to process 
the serial 
input data. 


All mnemonics 
copyrighted 
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Once 
the 
meaning 
of these 
flags 
are understood 
the 
operation 
of the algorithm 
should 
be clear. The Receive 
Flag 
is set whenever 
the program 
is in the process 
of 
receiving 
a character. 
The Synch 
Flag 
is set when 
the 
center of the start bit has been checked 
and found to be 
a SPACE (if a MARK is detected 
at this point the receiver 
process 
has been triggered 
by a noise pulse se the pro- 
gram 
clears 
the 
Receive 
Flag 
and 
returns 
to the 
idle 
state). 
When 
the 
program 
detects 
synchronization 
it 
loads 
the variable 
DATA 
with 
80H and starts 
sampling 
the serial 
line every four counts. 
As the data is received 
it is right 
shifted 
into 
variable 
DATA; 
after 
eight 
bits 
have been 
received 
the 
initial 
one 
set 
into 
DATA 
will 
result 
in a carry out and the program 
knows 
that 
it has 
received 
all eight 
bits. 
At this 
point 
it will 
transfer 
all 
eight 
bits 
to the 
variable 
OKDATA 
and 
set 
the 
Byte 
Finished 
Flag so that on the next sample 
it will test for a 
valid 
stop 
bit instead 
of shifting 
in data. 
If this 
test 
is 
successful 
the Data 
Ready 
Flag 
will 
be set to indicate 
that the data is available 
to the main process. 
If the test 
is unsuccessful 
the Error 
Flag 
will 
be set. 


The transmit 
algorithm 
is shown 
in Figure 
3. It is exe· 
cuted 
immediately 
following 
the receive 
process. 
It is a 
simple 
program 
which 
divides 
the 
free 
running 
clock 
down and transmits 
a bit every fourth 
clock. The variable 
TICK COUNTER 
is used to do the division. 
The Transmit· 
ting 
Flag 
indicates 
when a character 
transmission 
is in 
progress 
and is also used to determine 
when the START 
bit should 
be sent. The TICK COUNTER 
is used to deter- 
mine when to send the next bit (TICK COUNTER 
MOD- 
ULO 4 = 0) and also when the STOP bits should 
be sent 


(TICK COUNTER = 9 
4). After the transmit 
routine 
com- 
pletes 
any other 
timer 
based 
routines, 
such 
as a key· 
board/display 
scanner 
or 
a 
real 
time 
clock, 
can 
be 
executed. 


'ST~T 
(J' ~IT 
ROOTII£ 


;=------ 
- 


,1 
'1 
TICK ~:=TICK 
~.1 


; 1 IF TICK ~ 
IQ) 4=9 Tl£N 


; 2 
IF TRIf&UnIl«l 
Fl";:1 
TI£N 
; 3 
IF TICK roMTER=88 1918 88 BII6Y 
TI£N 
;4 
~ITTII«l 
Fl";:=8 
, 3 
ELSE 
IF TICK roMTER=88 1881 88 BII6Y 
TI£N 


,4 
SEll> 00 
P6K 


;4 
~lnll«l~·=8 


; 3 
ELSE 
SINC£ TICK ~<>TI£ 
ABOYECWfT TI£N 
,4 
SEll) NEXTBIT 
" 
EII)IF 


; 2 
ELSE 
SINC£ ~mll«l 
Fl~ 
TI£N 


; 3 
IF TRltlSltIT REIllEST Fl,.;..-t 
Tl£N 


; 4 
X'HBYT:=NXT8I'T 


; 4 
TRANSltITREIllEST Fl";: 
=8 


,4 
~mII«l 
Fl"; 
=1 


,4 
TICK ro.nlm·=8 


; 4 
SEll> SYN: BIT (SPfU) 


; 3 
ENDIF 


; 2 
EII)IF 


; 1 EII)IF 


Figure 3 
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Figure 
4 shows 
the complete 
receive 
and transmit 
pro- 
grams as they are implemented 
in the instruction 
set of 
the 8049. Also included 
in Fig. 4 is a short routine 
which 
was used to test the algorithm. 


JSI~:-II 
~1CS-48.'UPI-41 
I'tAC~O ASSEMBLER, 
'n B 


LOC 
OB) 
SOIJRCE STATEr1HlT 


1 :*._***'.' *.1'.'1t*****************************l***~***.*****'*********'" 
********** 


2 .• 
* 


3; * 
THIS 
PRorJRAI1 TESTS 
THE HU 
t~JPLE;< 
COI'tI1U1HCf1TJON ~(lFTWAP.E 
* 
4 ;. 
* 
5 .:****"'***·I.**.*t*H·*** .•.***~**'~tHt**·t*.t;.H·**;t*H* 
;,***,t***.<**.t***************'**** 
6 . 


7 $INCLlIfoE(F1.UPTEST 
PDU 


8 .• 


:3 . 
STRRT 
()f 
'1EST 
POllT INE 


H) .. 
===================== 
11. 
12 ' 
13. 


14 
; 


15 
; 


16, 1 EPPOR 
COUNT =~ 
17 ; 1 REPEAT 


18 
.' 2 
PATTERN 
=0 


19 
2 
INITIf1lI2E 
TIMER 
20 ,2 
CLEAR fLAGB','TE 
21; 2 
FLAG1 =11AF'K 


~'2 ; 2 
REPEAT 
23 ; j 
IF 
TRilNSI-1IT REQUEST 
FLAG=B 
THEN 


24 
; 4 
Ni;TB','TE •=PATTE~'N 


2~, 
r 4 
TRA'ISMIl 
f(EQlJESr 
FLAG=1 


26 ..? 
ENDIF 
27 : 3 
IF 
DATA READ'I FLAG=1 
THEN 
28 ; 4 
PATTERN 
=OK[lATA 


29 
: 4 
['ilTA 
PEACN FL fiG =(1 


J8: 3 
EPJrIIF 


31,2 
!JNTlL 
ERPOR FLAG OR OYERRUN FLAG 


:52 
; ~ 
nH'EMHn 
ERROR COUNT 
n ;1 IJNTIL 
FOREVER 


34 
EOF 


1'i tEJECT 


סס oo (5 


36 
ORG 
ij 
37 : 1 SELECT 
REGISTEr< 
BANK e 
38 
5El 
~'Be 


~~~.; 1 G:)TO TEST 


40 
IMF' 
TEST 
41 $ 
INCLUDE< . F1 UAliT! 


42, 
4] : 
44 ; 
45: 
46 , 
47. 
48 ,; 
49 ; 


OO'J1 2400 


A5'IIlCHPONOllS 
RECEIYE/TIIANSMIT 
ROU1INE 


THIS 
ROIJTINE 
RECEIVES 
SU:II1L 
CODE USING 
~'lN 
TO AS RXD 


AND CONCIJF1''EN1LI' 
TRANSI1ITS 
USING 
PIN 
P27 


NOTE. 


THIS 
ROUTINE 
USES 
FLAG 1 TO BUFFER 
THE TRANSMITTED 


Figure 4 


All rnnernorucs 
copyrighted 
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LOC 
00.1 
5(ltg£ 
STRTEI£tIT 


0029 
9921 
0022 
9923 


9991 


9919 


9929 


SEQ 


se ; 1 DATA LINE. 
THIS 
fLl"INflTES 
TI£ 
JITm: 
THAT 
51 ,1 WOULD BE CAUSED BY VARIRTIONS 
IN THE PECElYE 
52 .1 
TII1ING. 
NO OTI£R 
Pf,'OOI1A14 fiR'!' USE FLft(j 1 IflILE 
53 .1 THE TII1EI1 
IIITEl1l1l1PT 
IS 
ENABLED 
S4 ; 
'55; 
56; 


'57 
. 
58. 
59 . 
REGISTER 
ASSIGlf1I:NTS-BAN<l 
68 ; 
61 ; 
62; 


63 
RTEI'IP 
EQ.lJ 


64 
FLGBYT 
EQjJ 
65 
66 
67 
SAi'lCTIi' . Eoo 


68 
TCKCTfi 
EllIJ 


69 
REOO 
EQU 
79 ; 
71 ; 
72; 
73 ; 


74 
I'IOI(DAT 
f(lIJ 


7S 
I1DfITR 
Eoo 


76 
IIXIITBY 
EQlJ 


77 
rtI'''<TBY 
EQU 


78 
$EJECT 
79; 
80; 
81 . 
82; 
83 ; 
84 ; 
SS; 
86; 


37 
RCIIFLG 
SS 


89 
SYNFU3 


99 


91 
BI'FPI'L 
92 


93 
DRDYFL 
94 


95 
ERRFLG 
96 


97 
TRRQFL 
98 


99 
= 199 
= 191 
TRNGFL 
= 192 
= 193 
0YR\.tl 
= 104 


======================= 


R7 


116 


USED TO SAVE 
ACClJ'U.Al~ 
CONTENTS 
l>URlr«l 
INTERRltT 


WNTA I liS 
VAf;1OUS FLAGS 
USC!) 1 0 CONTROl. 
1 HE f<ECE!'¥'E 


fI(> 
T~St1lT 
~lf"ESS. 
SEE 
CONSTANT DEFINITI~ 
F~ 


THE "1EflIH NG OF EACH BIT 


SAMPLE 
C()JNTEI" 
FOR THE RECIEYE 
f1tOCES!> 


SAMPLE WJIITEP 
F~ 
TI£ 
TRANSltIT 
PROCiSS 


IJSED AS POINTER 
Rl.:GISTER 


Rff1 
ASSIGtll'lENTS 


============= 


201i 


21H 


2211 


23H 


RECEIYE 
RETURNS 
VALID 
DflTA 
IN THIS 
BI'TE 


RECEI'.t. 
ACCUUATES 
DATA IN 
THIS 
BYTE 


s 
CONTAINS 
BYTE IlEING 
TRR.'IS"J1TED 


; 
CONTAIr-OS THE NEXT BYTE TO BE TRANSMITTED 


COIlSTANTS 


THE FOLLOWING 
CONSTANTS 
ARE USED TO ReCESS 
THE FLAG BITS 
WlTfilNED 


IN k'EGISTER 
FLGEVT 


EQlJ 
91H 
SH 
WHEN START 
BIl 
IS 
FIRST 
DETEm.D 


f(fSET 
WHEN f(fCElYE 
Pk(f.;ESS 
IS 
CMLETE 


Eoo 
92H 
SET 
WHEN STAIIT BIT 
IS 
't'ERIFIED 


RESET 
HN 
RECE I 't'E PROCESS 
IS 
COI1PLETE 


EOO 
04H 
RESET 
WHEN STffiT 
srr 
IS 
FIRST 
DETECTED 


; 
SET 
WHEN THE ElGiT 
DATA BITS 
HIM 
fU 
B£EN 
kECUYEIi 
UA) 
OOH 
SffflLD 
BE RESET 
BY I'll I N PROOR~ 
WHEN MTA 
IS 
ACW'TED 


SET 
BI' RECEIVE 
PROCESS 
WHEN STOP 
81 HS) 
ARE YERIFIED 
EQlJ 
1eH 
SHOtlD 
BE RESET 
BY mlN 
PROORAI'I WHEN 5AIf'l1!) 


SET 
BY RECEIYE 
PRQr"ESS 
IF 
A ~RAI1II(l 
E~ 
IS 
DETECTED 


Eoo 
29H 
TESTED 
SI' 
IIfIIN 
PROGRAM TO DET~INE 
I~ 
Rl.:ADI' W 


TRflW'Jm 
A tEW BYTE-SET 
TO I~ICATE 
lHAT 
NXTBI'T 


HAS BEEN LOADED 


; 
fiESET 
BY TRANSI1IT 
PROCESS 
WIIEN BYTE 
IS 
ACCEPTED 


EOO 
4eH 
; 
SET 
WHEN TRRNSlHSSION 
OF A BYTE STARTS 


, 
RESET 
HN 
STOP 
!lIT 
15 
TRANSI1llTED 


EQU 
88H 
; 
SET 
B'~ RECEIYE 
PROCESS 
WHEN fNERltj 
OCCURRS 


; 
SHOOUi 
BE RESET 
8'r' /'lAI N PROORAI'I IHN 
SAI1PLED 


Figure 
4 (continued) 


All mnemonics 
copyrighted 
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SOURCESTATEMENT 
LOC 
OB,) 


0080 
FF7F 
9900 


9007 
~6IlA 
eee9 9:5 
ooeA 1)5 


eeoc 
27FE 
98!.lE 62 


000F 7615 
0011 
9A7F 
oon 8417 
001:5 8A80 


0017 
FE 


0018 
1224 


001f1 3(-64 


00lC 
FE 
00lD 
4301 


00lF 
53FB 


0021 fiE 


0022 ~464 


8024 :m8 


SEQ 


= 105 .; 
= 196 ; 


= HI? ; 


= 198 , 
= 109 I'IftRI( 
= 11!:1 SPfICE 


= 111 STPBTS 


= 112 
=lB 
= 114 ; 
= 115 $EJECT 


= 116 
; 


:: 11l ; 


GENERAl CmJ5TANTS 


E9IJ 
8IJi 
EQlJ 
NOT 8eH , 


EQlJ 
a 


USEl' TO GENEFATEDA I'IARK 
IJSED TO GENERATEA SPACE 
C.(lIITROLS THE NUMBEROF SHIP BITS 
o GENERlmS 
ONE STOP BII 
1 GEtHATE5 
TI.'O SllJ' 
BITS 


START OF RECEIVEiTRflNSI1IT 
INTERRUPT SERVICE mUTINE 


= 118 ; 
===================================;=============== 


= 119 ; 


= 120 
~ 
llOO7H 


= 121 
= 122; 
1 EtHER I NTERRIJPTi'IOOE 
= 123 TI 5P. . 
JTF 
llART 


= 124 
RETR 


= 125 IJART. 
SEL 
RBl 
= 126 
; 1 SA't'E ACCIJf1IJLATORCO~ITENTS 
= 127 
mv 
ATEI1P..A 


= 1213 ; 1 RELOAD TIMER 
= 129 
t10V 
A..m~Nl 


= 130 
"'~V 
T, H 


= 131 ; 


e 1:52 
; 
OUTPUT T><OBl.fFER 
(Ft) 
TO TXD I/O 
LINE 
(P27) 


= 133 
; 


= 134 ; 


" 135 
JF1 
= 136 
OSPACE· ANl 


" 137 
JI1P 
" BI3 OMAI1I< ORl 


=========================================== 


OI'IARK 
P2. .SPACE 


RCI/OOIJ 


f'2,II'1ARK 
:: 139 ; 


= 148 ; 
SHIRT OF RECEI \lE RaJTJ NE 
= 141 
; 
======================== 
= 142 ; 


= 143 ; 1 IF RECEIVE FLAG=0 THEN 
= 144 RC','900. 
P1()\I 
A, FLGB'r'T 


= 14~ 
J!l0 
RCVt!18 


= 146 ; 2 
I F SE. I AL INPUT=SPAC'.£THEN 
= 147 
He:<l1IT 
= 143 ; 3 
RECEIYE FLAGA 
= 149 
11(1\1 
H. FLG8YT 


= 158 
ORL 
A, 'RC~'FLG 
" 151·] 
BVTE FINISHED 
FLAG.=9 


= 152 
RIll 
A, .UOT B'lfNFL 
= 153 
.2 
ENDIF 
= 154 
1'10',' 
FLGB'r'T.A 


" 1'55 
JI1P 
XMIT 
= 156 
; 1 ELSE 
san 
RECEIVE FLAG=l 
THEN 
= 157 
; 2 
IF s'me 
FLAG=0 THEN 


= 158 RCV1310. JBl 
RCV038 
" 159 .;s 
IF SH'IAL 
INPIJT=SPACE lHEN 


Figure 4 (continued) 
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SOURCESTATEMENT 
W:': 
OBJ 


00213 4302 
002A if: 


0028 8&'21 


0020 fJ980 


002F Bf.e4 
0031 0464 


0033 53FE 


0035 if: 
0036 !!464 


0038 ED64 


003( 5~,9 
003E 97 


003F 2642 
0041 A7 
0042 P.s21 


0044 Fe 


0045 67 
0046 
RO 


0047 E664 


0049 BS28 
0048 Re 


004C FE 


e94D "1254 


804F 4394 
0051 AE 
0052 9464 


0054 4384 
0056 RE 


0057 9464 


ANt. 


EN!lIF 


HO\' 
FLGf:YL A 


JMP 
XI'1IT 


ELSE 
SINCE SYNC ~LAG=1 THEN 
SAMPLECOJllTE~=S~'Lf 
COUNTE~-l 
= 178 l"C'f'eIO 
DJNZ 
smTR, 
}''MiT 
= 179 ..3 
IF SRt1PLECOUNlE~=e THE"N 


= 100 ; 4 
SAI1PLECOl~nER =4 
= 181 
I10V 
SAMCTR..14 
= 182 
; 4 
IF B'T'TE"FWISHf[, 
FLAG=B THEN 
= 183 
JB2 
RCVese 
= 184 
C.LR 
C 
= 185 ; 5 
CA~,' .=SE~:IftL I NPlJl 
= 186 
JNTO 
PCV94!J 
= 187 
CPL 
C 
= 18$ RCV94~:J /{l',' 
Re.IP!DATR 


= 189 
I'KlY 
fl, (iRl.\ 


= 190 ; 5 
SHIFT DHTA I"lli:H 
1oI11HCAR~:'" 
= 191 
pR( 
A 
= 192 
IIOV 
~0 ..A 
= 193 ; ~ 
IF CARF.'.'=l THEN 
= 194JNC 
~:MIT 
= 195 ; 6 
IJt.TIATA.=DHTfl 


= 196 
/!f.r.' 
~O.lroKDAT 
= 19( 
P(l\! 
~RB..A 


= 198 ; 6 
IF (lATA [<'EArNFLAG=t! lHEN 
= 199 
110V 
A..I'LGBYT 


= 200 
J83 
RCV945 


= 281 .7 
8't'TE FINISHH. 
FLflG=1 
= 282 
OI1L 
A, .BYrNFL 
= 283 
P1(J\I 
FLGSYT,A 
= 294 
IMP 
x/m 
= 295 ; 6 
ELSE 
= 286 ; r 
BYTE FINISHED FLAG:=! 
= 287 
; 7 
OVERRUNFLAG.=1 
= 298 RCV945: 


= 209 
= 219 
= 211 
= 212 ; 6 


= 213 
j 5 


SEQ 


= 160 


= 161 i 4 
= 162 
= 163 


= 164 
.4 


= 165 
=166 
= 167 ; 4 


= 168 
= 169 
= 170 .:< 


= 171 ; 4 


= 172 ~C'f'e2e 


= 173 .']. 


= 174 
= 17'5 
= 176 ,2 


= 177 ..] 


= 214 


IH! 
RC'f'\!20 


5'1/0': 
FLA!.l =1 
({(L 
A..• S'MLG 


110V 
FLGBYT.A 


DATA:=80H 


MO',' 
Re, II'IOATA 
ru,' 
@I\'O. I8I!H 


SAl'IPlE CNTR'=4 
"I(lY 
SAl'lCTR,14 


JI1F' 
XI1IT 


ELSE 
SINCE SERIfiL INPIJT=MAIWTHEN 


~,[CEI"E 
FUl/i.=e 


A, lNOT RCVFLG 


; I'KlY 


ORL 
I'(lV 


A,FlGBl'T 
Ar '(BYFNFL 
OR OVRUW 


FLGIlVT. 
A 
ENDIF 


ENDIF 
xrm 
JI1P 


Figure 4 (continued) 
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LOC 
OBJ 


OO~9 265F 


005B 4300 
905(; 0461 


0061 
53FC 
0063 HE 


0064 le 


0065 2393 
0€l67 se 
BJ.J68 9697 


006A FE·· 
006B 37 
006C D286 


. 006E 2324 
ea70 re 
13071 96?B 


ee?! A5 
ee74 B5 


SEQ 
50Ul'fE 
STATEi'lENT 


= 215,4 
ELSE 
SINCE B'iTE FIN19£D 
FLAG=l THEN 


= 216 ; 5 
IF SERIAL INPIJT:r1ARK THEN 
: 
217 RCY059: JNT0 
RCY06lJ 
: 218, 
6 
DATA REfllN FLA6: =1 


= 219 
OPL 
A, IDRDVFL 


:; 229 
.J~ 
PCV970 
: 
221,5 
ELSE 
SINCE SERiAl 
INPIJT=SPACETHEN 


= 222' 
6 
~RRORFLAG.=1 
= 22'3 RCV960: 
ORL 
A..IERRFLG 


= 224 ,5 
ENDIF 


: 
225 .;5 
RECEI','t ~LAG.=a 


= 226 ; 5 
SYNC FLAG:=0 
= 227 ReI-We. 
ANi. 
A. "KlT(SYNFLG 
OR RCIIFLG) 


= 228 
1'10',' 
FLGB'{T,A 


= 229; 
4 
ENDIF 
= 2~:e;: 
E~lDI F 
= 231 ; 2 
ENDIF 
= 232 .,1 ENDIF 


= 213 tEJECT 
:; 2]4 .; 
= 235 ; 
STAin OF TRANSMIT ROUTINE 


:; 236 
.i 
========================= 
= 237 ; 
= 238; 1 
= 239; 
TRANSMITTEROUTPUTBIT 
IS P2-7 


= 248 ; 1 TICK COONTER.=TICK COllNTER+l 
= 241 xrm 
INC 
TCKCTR 
= ~42; 
1 IF no GOUNTERIIfJD 4=0 THEN 
110Y 
A..103H 
ANL 
A, TCKCTR 
JNZ 
RETIJF~N 
IF TRflNSMITTING FLAG:l 
THEN 
MOV 
jl, FLG8'T'T 
(PL 
A 
JB6 
X1'1T04Q 
IF STPBTS Ell 1 
IF TI CK COUNTER:OO1819 00 BI NARY niEN 
IIOY 
A, 128H 
, CIN) IT WNAl 
ASSEHBLY 
XRL 
A, TCr<CTk 
JNZ 
XMT010 
TRANSMITT WG FLAG =0 


WJIt' 
A, FLGB~'T 
tR 
A, tlllT 
TRNGFL 
/lOV· 
FLGBYT,A 
.IMP 
RETURN 


ENDIF 
ELSE 
IF TICK COIJNTER=OO1001 00 BINARY THEN 
: 262 XMT010: I'/O~' 
A, .24H 
XRL 
A, TCKCTR 


.lNZ 
ia1T!l20 
SElf) END MARK 
CLR 
F1 
; 
SET FLAGl TO P1ARK 
CPL 
Fl 
IF STPBTS EQ 9 
TRANSMITTING FLAG =0 


: 
241 


= 244 
= 245 
= 246 ; <' 
:: 247 
: 
248 


= 249 


: 
2513 


= 251 ; 3 
= 252 
:: 253 
: 
254 
= 255 ; 4 
= 256 


= 257 


= 253 
= 2'59 
: 
260 
= 261 ..:5 


:: 263 


= 264' 
: 265 ;4 
: 
266 
= 267 
: 268 
: 
269 ; 4 
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SEQ 
S(lEE 
STRTEP£NT 
LOC OOJ 


0075 FE 
0076 53BF 
0078 i£ 
0079 9497 


0078 8822 
0070 F9 
887E 67 
007F Re 
00$0 R5 


0081 E697 
0083 B5 
0084 8497 


0086 8297 


8008 8823 
008A FB 
008B 8822 
סס oo Re 


008E FE 
OOSF530F 


8891 4348 
9893 ftE 


0096 R5 


0097 FF 
0098 93 


= 278 
IKJY 
= 271 
fN.. 


= 272 
IKJY 


= 2;'3 
JI1P 
= 274 
EM)IF 
= 275; 3 
ELSE 
Slta TICK COIJITER()THE ABOVECOUNTTHEN 
= 276 ; 4 
SENDNEXT BIT 
= 277 00828: 
IKJY 
1"9, IMTB't' 


= 278 
110'.' 
R,~8 
= 279 
"'RC 
R 
= 281.! 
MOV~, 
R 


= 281 
CLR 
Fl 
= 282 
JOC 
RETlIRN 
= 283 
eft 
F1 
= 284 
Jr1P 
RETURN 
= 2B5 ; 3 
ENDIF 
= 2'"'«6; 2 
ELSE 
sun 
TRANSI'IITTI~ 
~LRG=8 THEN 
= 287 ; 3 
IF TRA/ISMJTIlEQUESTFLOO=l THEN 
= 288 XI1T848: JB5 
RETlIRN 
; FLRG B'r'TE THERE 


= 289 ; 4 
XI1TBYT:=NXTB~'T 
= 298 
MOll 
Re, IIINXTB't' 


= 291 
/(l\I 
A, @RO 
= 292 
PIO\I 
Re,IMTIr>' 
= 293 
1'1011 
(IRe,R 
= 294 ; 4 
TRfflStHT IIEIlUEST FLOO:=8 


= 295 
PIO\I 
A, "lfiBVT 
= 296 
ANI. 
A, .,<<IT TRRQFL 
= 297 ; 4 
TI"ANSI'IITTIIIG FUllj· =1 
= ~'98 
ORL 
R,tTRIIGFL 
= 299 
I'IOY 
FLGBYT.R 
= 300 ; 4 
TICK COIJjTER·=8 
= 381 
~.ov 
TCKCTR,le 
= 382 i 4 
SEND~'NC BIT (SPfieE> 
= 38? 
CLR 
F1 
; SET FLOO 1 TO CAUSEA SPACI: 
=384i! 
OOIF 
= 305 i 2 
EtI)lF 
= 386 ; 1 ENDIF 
= 387 IIETURN: 
= 308 ; 1 RESTOREACClJt1lIlATOR 
= 389 
IKJY 
A, ATE,... 


= 319 
RETR 
311 $EJECT 


A, FLGBYT 
R, INJT TRIU'L 
FLGBVT.A 
IlET~N 


; C(»(l1TI!Ht. 
ftSSEIIll~' 


FLH<i 1 WILL BE USEDTO BlfFER 
fXI) 


i G'J TO RETIMI POWT If 
TXD=SPACE(9) 


i ELSE COI'IPLEP1E1IT 
FLf~ 1 TO R /'lARK 


?12 ; 
313 ; 
STRRTOF TEST IlOUTINE 
314 ; 
================= 
315 ; 


9100 
316 
ORG 
91~ 
FFFE 
317 TIMeNT mu 
-2 


981E 
318 HFLGB~' EOO 
!EH 
001D 
319 l'lSAI1CT EOO 
IDH 
00lC 
320 I'ITCKCT EOO 
l(;H 


321 ; 


0097 
322 ERRCNT EOO 
R7 
131.!e6 
323 PATT 
EQU 
R6 
324 ; 


Flgur. 
4 (continued) 
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LOC ~J 


8189 8F89 


8182 BE99 


8194 23FE 
91136 62 
8187 55 
8188 25 


8189 881E 
8188 B888 


9100 A5 
818E B5 


818F 881E 
8111 F9 
8112 8224 


8114 8923 
8116 FE 
8117 Ri 


8118 35 


8119 F8 
911A 4320 
auc AB 
9110 25 
811E 1622 
{j120 2424 
8122 148A 


325 ; 
326 ; 
327 ;1 ~ 
CWfr:=8 
328 TEST: 
If:N 
ERRCN1",1e 
329 ; 1 REPEAT 
338 TlIJ' 
331 ; 2 
PATTERN:=8 
332 
If:N 
PAn. I8IJ 
333 ; 2 
INITIAliZE 
TIIER 
334 
If:N 
A.ITIID1T 
335 
If:N 
T. A 
336 
STRT 
T 
337 
EN 
TeNTI 
338; 2 
CLEARFlffiBYTE 
ns 
If:N 
Re. IIflGBY 
348 
If:N 
@Re.le 
341 ; 2 
Fl~1=MARK 
342 
CLR 
Ft 
343 
CPl. 
Fl 
344 ; 2 
REPEAT 
345 T!LIJ': 
346 ; 3 
347 
348 
349 
3S9 ;4 
351 
352 
353 
3S4 ;4 
3S5 
356 
357 
358 
359 
369 
361 
362 
363 
364 TESTA: 
365; 
3 
366;3 


SEQ 


367 TREC: 


8124 F9 
368 
9125 37 
369 
9126 7238 
379 
371 ;4 
0128 B928 
:m 
at2A F1 
:m 
912B RE 
374 
375 ;4 
012C 35 
376 
377 
378 
9120 F0 
379 


SW!CE STATEI£NT 


IF TRPI6IIIT REIHST Fl~ 
TI£N 
If:N 
Re. II'IFLGBY 
If:N 
A.@Re 


JB5 
TREC 
NXTBYTE:=PATTERN 
..w 
Ri. tlllXTBV 
..w 
A,PAn 
..w 
@R1,A 
TRANSl!ITREQUESTFl~l 
OIS 
TCNT!; 
LOCKOOTmER 
INTERRlf'T 
so THATI'1lITIJll EXCLUSI!ll IS PlAINTf1INll>WHILE 


; H£ 
F~ 
B\'TE IS BEII«l tmIFIEO 
It)Y 
OR!. 
I10v 
EN 
JTF 
Jt1P 
CAlL 
ENDIF 
IF DATAREfI>'t'F~l 
MN 


A,@Re 
A.ITRRQFL 
fiiR0,A 
TCNT! 
TESTA 
TREC 
LflRT 
; CAll LflRT BECflISE mER 
OVERFLOWED 
LU<IN(; LOCKOUT 


I'!OV 
A,@Re 
CP\.. 
A 


JB3 
TRECE 
PATTERN:=OKDATA 
/lIV 
Ri. IIO:DAT 
..w 
A,@R1 
IIOV 
PATT,A 
DATAREfI>'t'FlAG:=lj 
OIS 
TCNT!; 
LOCKOOTT!I'£R INTERRlPT 
; so THATI«JTlR. EXCLUSI!ll IS ItIINTIff£D 
IfHLE 
; Tf£ FLAGBVTEIS BEII«l tmlFlEO 


Figure 
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L(( 
ooJ 
SEQ 
SOORCE51ATEI'ENT 


912E 53F7 
0119 
All 


8131 
25 
9132 
16]6 


a134 
2438 


9136 
14BA 


A, .NOT DRD'r'FL 
~0,A 
torn 


TESTB 


TRECE 
lWT 


81313 F0 
9139 
5~'93 
9BB C60F 


~ 
]81 


~~ 
EN 
}83 
JTF 
384 
.IMP 


385 TESTS. 
CALL 


386 TRECE. 
387 ; 3 
ENDIF 
388 ; 2 
UHTI L ERROR FLAG OR OVERRUNFLAG 
389 
Pm 
A, @Re 
390 
iN. 
A,I(O'f'RI.lN 
OR ERRFLG) 


391 
.IZ 
llLOP 
392 ; 2 
I NCREMENTERROR ('.I).INT 


393 
!NC 
EIII<CNi 


394.1 
UNTIL 
FOREVER 
395 
JMP 
TLOP 


; OH IJAIH IF TII1ER OVERFLMD 
DURING LOCKWT 


013D iF 


B13E 2492 
396 
; EOF 


397 
END 


USER SI'IIBOLS 


ATEN' 
0I3'J7 
B'r'FIH 
0094 
DRD'r'FL 0008 
ERRCNT 0007 
E~1<FLG0010 
FLG8~'T eOO6 
MARK 
0080 
r1IIATA 
0e21 


I1FLGB'r' OOlE 
MNXTB'r' 0023 
"'-1(ooT 
0020 
i'tSAI'ICT OOlD 
MTCKCT eelC 
t1XIHB'T' 00<.'2 
OI'1A11K 
0015 
OSPACE 
0011 


OWIJN 
0080 
PATT 
BOO6 
RCIIOO€.l eOl? 
IiG'r'010 0924 
RC".'IJ20 oo:n 
RCYB30 13038 
RC'~B4e !lB42 
I<:CV945 Ba54 


PC'v'859 
0059 
RCY96e 005F 
RCY970 0061 
RC\lFLG 0001 
REGt! 
0800 
RETURN 009i' 
SAI1CTk flOOS 
SPHCE 
FF7F 


STPBTS Il98B 
5YNFLG 9002 
TCKCTR iIOO4 
TEST 
13100 
TESTA 
131<:2 
1ESTE:! ~136 
llLOP 
£I1(!F 
III1CNT 
mE 


TISR 
B007 
TLOP 
9192 
TREe 
9124 
TRECE 9Ea 
TRNGFL 9040 
TRRQFL 002£1 
IJilRT 
000A 
xl'ln 
0064 


Xlnaif.! ltil6E 
XIH920 
0078 
XI1T949 0086 


ASSEMBLY Cot1PLETE, 
NO ERRORS 


Figure 4 (continued) 
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MULTIPLY ALGORITHMS 
of code size or execution 
time is important, 
however, 
it 
is necessary 
to be reasonably 
familiar 
with the multipli- 


cation 
process 
so that appropriate 
optimizations 
for the 
machine 
being used can be made. 


To understand 
how multiplication 
operates 
in the binary 
number system, 
consider 
the multiplication 
of two four 
bit operands 
A and B. The "ones 
and zeros" 
in A and B 
represent 
the 
coefficients 
of 
two 
polynomials. 
The 
operation 
A x B can 
be represented 
as the 
following 
multiplication 
of polynomials: 


Most microcomputer 
programmers 
have at one time or 
another 
implemented 
a multiply 
routine 
as part 
of a 
larger program. 
The usual procedure 
is to find an algo- 
rithm that works and modify 
it to work on the machine 
being used. There is nothing 
wrong with this approach. 
If engineers 
felt 
that 
they 
had to 
reinvent 
the wheel 
every time a new design 
is undertaken, 
that's 
probably 
what most of us would 
be doing-designing 
wheels. 
If 
the efficiency 
of the multiply 
algorithm, 
either 
in terms 


+ B3A3-26 
+ 


+ 
BOA3-23 
+ 
BOA2-22 
+ 
BOA1-2' 
+ 
B1A3-24 
+ 
B1A2-23 
+ 
B1A1'22 
+ 
B1AO'2' 
+ 
B2A3'25 
+ 
B2A2'24 
+ 
B2A1'23 
+ 
B2AO'22 


B3A2'25 
+ 
B3A1'24 
+ 
B3AO'23 


+ 
BOAO'2° 
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The sum of all these 
terms 
represents 
the product 
of A 
and 
8. 
The 
simplest 
multiply 
algorithm 
factors 
the 
above terms 
as follows: 


A' 8 = 80'(A)*2o 
+ 81'(A)*21 
+ 82'(A)'22 
+ 83'(A)*23 


Since 
the coefficients 
of 8 (i.e., 80, 81, 82, and 83) can 
only 
take on the binary 
values 
of 1 or 0, the sumot 
trie 
products 
can be formed 
by a series 
of simple 
adds and 
multiplications 
by two. The simplest 
implementation 
of 
this 
would 
be: 


MULTIPLY: 


PRODUCT=O 
IF 80 = 1 THEN 
PRODUCT: = PRODUCT + A 
IF 81 = 1 THEN 
PRODUCT: = PRODUCT + 2' A 
IF 82=1 
THEN 
PRODUCT:=PRODUCT+4'A 
IF 83= 
1 THEN 
PRODUCT: = PRODUCT + 8'A 
END MULTIPLY 


In order 
to 
conserve 
memory, 
the 
above 
straight 
line 
code 
is normally 
converted 
to the following 
loop: 


MULTIPLY: 
PRODUCT: =0 
COUNT:=4 
REPEAT 
IF 8[0] = 1 THEN 
PRODUCT: = PRODUCT + A ENDIF 
A:= 
2'A 
8:= 
8/2 
COUNT: = COUNT - 1 
UNTIL COUNT: = 0 
END MULTIPLY 


The repeated 
multiplication 
of A by two (which 
can be 
performed 
by a simple 
left 
shift) 
forms 
the terms 
2' A, 


4' A, and 
8' A. The 
variable 
8 is divided 
by two 
(per- 
formed 
by a simple 
right 
shift) 
so that the least 
signifi- 
cant 
bit can always 
be used to determine 
whether 
the 
addition 
should 
be executed 
during 
each pass through 
the 
loop. 
It is from 
these 
shifting 
and addition 
opera- 


tions 
that 
the "shift 
and add" 
algorithm 
takes 
its com- 
mon name. 


The 
"shift 
and 
add" 
algorithm 
shown 
above 
has two 


areas where efficiency 
will be lost if implemented 
in the 


manner 
shown. 
The first 
problem 
is that the addition 
to 


the 
partial 
product 
is double 
precision 
relative 
to the 


two operands. 
The other 
problem, 
which 
is also related 


to double 
precision 
operations, 
is that the A operand 
is 


double 
precision 
and 
that 
it must 
be left 
shifted 
and 


then 
the 8 operand 
must 
be right 
shifted. 
An examina- 
tion 
of 
the 
"longhand" 
polynomial 
rnultip 
ication 
will 
reveal 
that, 
although 
the partial 
product 
is Indeed 
dou- 
ble 
precision, 
each 
addition 
performed 
is only 
single 


precision. 
11 would 
be desirable 
to be able to shift 
the 


partial 
product 
as it is formed 
so that only single 
preci- 
sion 
additions 
are performed. 
This 
would 
be especially 


true 
if the partial 
product 
could 
be shifted 
into the "8" 
operand 
since 
one bit of the 
partial 
product 
is formed 


duriOlg each pass through 
the loop and (happily) 
one bit 
of the "8" 
operand 
is vacated. 
To do this, 
however, 
it is 


necessary 
to modify 
the algorithm 
so that 
both 
of the 


shifts 
that occur 
are of the same type. 


To see how this 
can be done one can take the basic 


multiplication 
equation 
already 
presented: 


and factoring 
24 from 
the right 
side: 


A '8 = 24[80'(A 
'2-4)+ 
81'(A'2-3) 


+ 82'(A 
'2-2)+ 
B3'(A'2-1)j 


This 
operation 
has 
resulted 
in 
a 
term 
(within 
the 


brackets) 
which 
can be formed 
by right 
shifts 
and adds 


and 
then 
multiplied 
by ~ 
to get 
the 
final 
result. 
The 


resulting 
algorithm, 
expanded 
to form an eight 
by eight 


multiplication, 
is shown 
in figure 
5. Note that 
although 


the result 
is a full 
sixteen 
bits, 
the algorithm 
only 
per- 
forms 
eight 
bit additions 
and that only a single 
sixteen 
bit 
shift 
operation 
is involved. 
This 
has the 
effect 
of 
reducing 
both 
the code 
space 
and the execution 
time 


for the routine. 


1515-11 
MCS-48/UPHl 
I'IACROASSEtiBLER. 
112. B 


LOC 
OB,] 
SEQ 
SOURCE STATEMENT 


1 mACROF I LE 
2 SINCLUDE(:Fl.11P','8 
fH) 
:; .'***************",******************.H****************************************** 
4' 
'" 
* 
., -'* 


6 .* 
7 ; *=================================================================* 
* 
* 


8, '" 
9 ; * 
19 ,* 
11 .;. 


12 ;* 
13,* 


THIS 
UTIUW 
P~OVlDES 
AN 8 B~' 8 UNSIGNED t1ULTIPLY 


AT ENTRY: 


A ~ LOWER EIGHT 
BITS 
OF DESTINATION 
OPERAND 
XA~ con 
C~ 


Rl~ 
POINTER 
TO SOJRCE OPERAND (I'IULTIPLIER> 
IN INlERNAI.. I1EMEOR\' 


Figure 5 


* 
* 
* 
* 
* 
* 
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LOC 
(ljJ 
SEll 
sro1CE STRTEl£NT 


סס oo BAat! 


0002 
IlWB 


8004 
12(1£ 


0096 
2A 
aw7 sr 
9008 
67 
1300';12R 


000A 6;' 


!lOOS EB94 


900D 
83 


= "i* 
* 
15 i* 
AT EXIT. 


16 i* 
A = LMR 
EIGlH 
lIITS 
OF RESllT 
* 
= 
17; * 
)(A= UPPER EIGHl 
BITS 
OF RESUL 1 
* 
18 i* 
C = SET 
IF 
O't'ERfLI)I 
ELSE CLEARED 
* 


19 i* 
* 


29 i******************* •••**.*******.~.***********.* ••*********.* ••u,.•••********* 
21 i 
22 i 


23 
SINCLlllE<:Fl:t1P't'8 
POLl 


24 i 1 11f'Y8X3. 


25 
.' 1 MULTiI'llCANrHS-S 
) =0 
26 
..1 CaUNT. =8 


27 
; 1 REPEAT 


28 
.' 2 
IF 
ItJLTIPLIC.ilNDI:0)=9 
THaI 
BEGIN 


2S 
.3 
M1JlTIPLlCAND. 
=11ULTIPLlCHNC'/~ 
30 ; 2 
ELSE 


31 
d 
MULTIPLICR/IN 
15-S1.=11lIL TIPLICAI« 
15-8 
J+PIULTIPLIER 


~2 ..: 
I1IJLTIPLWINr·: 
=I'IlUIF'lICAI(lI2 
~J .:2 
ENDIF 


34 
; 2 
':OlJln 
=COI.1I-lT-1 


35 
1 I.1lojllL rOUIlT=0 


7·S 1 EN£' l'!Pu3XS 


!8 
EQlJATE5 


]9 : 
40 ; 


41 
XA 
EQU 
R2 


42 COllNT 
EQlJ 
R3 


43 
lCIH 
£QU 
R4 
44 
i 


45 
DIGPR 
EQU 
3 


46 ; 


47 
SEJECT 
48 
$INCLUDE( :F1:t1P't'8! 


49 
; 1 1'!P't'8X8 


51.! Mf'~'Bl<:8. 
:'1 ; 1 I1ULTIPLICAI{)[ 
15-8): =9 


52 
'''OV 
XA..• 90 
53 
. 1 COlINT: =8 


54 
C(UlT, 
18 


55 
; 1 REPEAT 
56I1PY3LP 
57 ;2 
58 
59 ..3 


69 
61 


IF 
~.l TIPLICRND[ 
e )=0 
THEN BEGIN 


JBe 
/'If'YSA 


ItJL TI PL I CANV: =MULTI PL I CAfi)12 


XCH 
A..XA 
CLR 
C 


RRC 
fl 


XCH 
A. XA 


RPC 
A 
DINZ 
COIJNT. MP~'3LP 


PET 
ELSE 


62 


6:\ 
64 
65 
66 


Flgur. 
5 (continued) 
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LOC 
OBJ 
5EO 
SOME 
STATErENT 


ss 1'!f'~'8A 
~9 
. ~ 
MtJLTIPl lCAII[)[ 15-81 
=/1IJLTIPl 
ICHttl(15-8 
l+PIUl TIPlIER 


79 
XCH 
A, XA 


71 
flDI) 
A,~1 


12 
~C 
A 
73 
XCH 
A, XA 


74 
RP.C 
A 


7') 
f'JNZ 
COtJNT, 11PV8lJ' 


76 
RET 


77 
;] 
,,'-'t.TIPlICAND. 
=Plt.1LTIPlI 
CAP(1/2 


7f! ; 2 
EN£iIF 


79 ; 2 
COIJNT =W)NT-1 


SO·l 
UNTIL C(UlT=a 


~'1;1 END 1'1P\'3:~3 
~:< P(; 


ooeE 2A 
00!lF 61 
00113 67 
0011 2fl 
0012 67 
0013 EBe4 
0015 83 


USER 5'r'M80LS 
COUNT 
Ofjl33 
Dr GPP 
(1I:t~1, 
IGNT 
0094 
HP'r'SA 
ooe£ 
Mf'f8LP 
9004 
MPY8X8 ~1I 
XA 


ASSEI1Bl Y COMPLETE. 
NO E~POR5 


The algorithm 
is easy to understand. 
The first 
test asks 
if the division 
will fit into the dividend 
sixteen 
times. 
If it 


will, 
the quotient 
cannot 
be expressed 
in only four 
bits 
so an overflow 
error flag is set and the divide 
algorithm 
ends. The algorithm 
then proceeds 
to determine 
if eight 
times 
the divisor 
fits, 
four times, 
etc. After 
each test 
it 
either 
sets 
or clears 
the 
appropriate 
quotient 
bit 
and 
modifies 
the dividend. 
To see this 
algorithm 
in action, 


consider 
the division 
of 15 by 5: 
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DIVIDE ALGORITHMS 


In order to understand 
binary 
division 
a four 
bit opera- 


tion 
will 
again 
be used 
as an example. 
The following 
algorithm 
will 
perform 
a four by four division: 


DIVIDE: 
IF 16"DIVISOR> 
= DIVIDEND 
THEN 
SET OVERFLOW 
ERROR FLAG 
ELSE 
IF a"DIVISOR> 
= DIVIDEND 
THEN 
QUOTIENT[3]: 
= 1 
DIVIDEN D: = DIVIDEND 
- a" DIVISOR 
ELSE 
QUOTIENT[3]: 
= 0 
ENDIF 
IF 4"DIVISOR>= 
DIVIDEND 
THEN 
QUOTIENT[2]:= 
1 
DIVIDEND: 
= DIVIDEND- 
4"DIVISOR 
ELSE 
QUOTIENT[2]: 
= 0 
ENDIF 
IF 2"DIVISOR> 
= DIVIDEND 
THEN 
QUOTIENT[1]: 
= 1 
DIVIDEND: = DIVIDEND - 2"DIVISOR 
ELSE 
QUOTIENT[1]: 
= 0 
ENDIF 
IF 1"DIVISOR> 
= DIVIDEND 
THEN 
QUOTIENT[O]: = 1 
DIVIDEND:= 
DIVIDEND-1"DIVISOR 
ELSE 
QUOTIENT[O]: = 0 
ENDIF 
ENDIF 
END DIVIDE 


00001111 
- 00001010 


00000101 


00000101 


- 00000101 


00000000 


00001111 
(15) 


- 01010000 
(16"5) 


Doesn't 
fit-no 
overflow 


The result 
is Q = 0011 which 
is the binary 
equivalent 
of 


3-the 
correct 
answer. 
Clearly 
this 
algorithm 
can (and 


has been) converted 
to a loop and used to perform 
divi- 
sions. 
An examination 
of the 
procedure, 
however, 
will 


show that it has the same problems 
as the original 
rnul- 


tiplyalgorithm. 


00001111 
- 00101000 


00001111 


- 00010100 


1·63 


(15) 
(a"5) 


Doesn't 
fit-Q[3] 
= 0 


'(15) 


(4"5) 


Doesn't 
fit-Q[2] 
= 0 


(15) 
(2"5) 


Fits-Qq]= 
1 


(15·2"5) 
(1"5) 


Fits-Q[O] 
= 1 


intel· 
AP·49 


The first problem is that double precision operations are 
involved with both the comparison of the division with 
the 
dividend 
and the 
conditional 
subtraction. 
The 
second problem is that as the quotient bits are derived 
they must be shifted into a register. In order to reduce 
the register requirements, it would be desirable to shift 
them into the divisor register as they are generated 
since the divisor register gets shifted anyway. Untor- 
tunately the quotient bits are derived most significant 
bits first so doing this will form a mirror image of the 
quotient-not 
very useful. 


Both of these problems can be solved by observing that 
the algorithm presented for divide will still work if both 
sides of all the "equations" 
involving the dividend are 
divided by sixteen. The looping algorithm then would 
proceed as follows: 


When this algorithm 
is implemented on a computer 
which does .not have a direct compare instruction the 
comparison is done by subtraction and the inner loop of 
the algorithm is modified as follows: 


REPEAT 
DIVIDEND:= DIVIDEND·2 
QUOTIENT:= QUOTIENT"2 
DIVIDEND:= DIVIDEND- DIVISOR 
IF BORROW= 0 THEN 
QUOTIENT:= QUOTIENT+ 1 
ELSE 
DIVIDEND:= DIVIDEND+ DIVISOR 
ENDIF 
COUNT:= COUNT- 1 
UNTIL COUNT= 0 


DIVIDE: 


QUOTIENT:= 0 
COUNT:=4 
DIVIDEND:= DIVIDENDt16 
IF DIVISOR>= DIVIDEND THEN 
OVERFLOW FLAG:= 1 
ELSE 
REPEAT 
DIVIDEND:= DIVIDEND·2 
QUOTIENT:= QUOTIENT"2 
IF DIVISOR>= DIVIDEND THEN 
QUOTIENT:= QUOTIENT+ It·SET QUOTIENT[Oj·t 
DIVIDEND:= DIVIDEND- DIVISOR 
. 


ENDIF 
COUNT:= COUNT- 1 
UNTIL COUNT=O 
ENDIF 
END DIVIDE 


An implementation of this algorithm using the 8049 in- 
struction set is shown in figure 6. This routine does an 
unsigned divide of a 16bit quantity by an eight bit quan- 
tity. Since the multiply algorithm of figure 5 generates a 
16 bit result from the multiplication 
of two eight bit 
operands, these two routines complement each other 
and can be used as part of more complex computations.· 


ISlS-II 
"':5-48/11'1-41 Milt) 
ASSEI1BlER, 
\/2.0 


lOC 
OB] 
SEll 
SOORC'.ESTATEMENT 


1 fl'lAl"l'OFILE 
'2 tINClI.lOE(F1·DI1I16. 
HEt') 


? ,**H***.*.*'~***'I'*******.***.***.**************** .•*************"'*************** 
4 ,* 
* 
'5;. 
01'.'11:; 
* 
6 ;* 
* 
7 .;*======================================================================* 
8 ;* 
* 


9 ; * 
THIS 
UTlLlT'/ 
PROIIIDES 
AN 16 
B~' B UNSIGNED DIVIDe 
* 
HI; * 
AT ElHR'r: 
* 
11 
; * 
A = LOWER EIGHT BITS 
OF DESTINATION 
OPERAND 
• 


12 .;* 
XA= IJ'PEI1 
EIGHT 
BITS 
If 
()I~'IDEND 
* 


13 
; * 
R1= POINTER 
TO DIIIIYJR 
IN INTERla 
I1E~Y 
• 


14 i* 
1'5 ;* 
16 
;t 
17 i* 


AT EXIT 


A = LOWER EIGHT 
BITS 
OF RESULl 
XA= I1EPlAINDER 


*• 
* 
* 


Figure 
6 
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tee 
OBJ 


0000 2A 


OOtt4 61 
0005 37 


€tOO"F60B 


OO~8~7 
,.009 
i.l424 


0000 61 


SOURCESTATEtENT 


18; * 
C = SET IF OVERFL~ ~LSE CLEARED 
* 


19;" 
* 


2ij .• ************.*** ••*~*******..~************************************************* 
21 .; 


2? t1NCUJDE( F1:DIV16 
PDl) 
24; 1 ()I'.I16 


2'5 ; 1 cOI.~n: =8 
26 ; 1 [OI\lWEND[1~,-8J=(JI\lIDENLH5-8H)J','1501<: 


27; 
1 If 
BORROW=9 THEN /* IT FITS>I/ 


28 ; 2 
SET O','ERFLOIol ~lAG 
29 ; 1 ELSE 
30 ; 2 
RESEtF'Er!mDEND 


31;;> 
PEPERT 


"''' ,$ 
DI'JIDEND:=DIVIDENV*2 


53 ; 3 
((lOTlENT =(~JOTIENT*2 
14 ; 3 
[)IVIDENDl:15-81:=DIVWEN[)[15-8HIVISOP 
35; 
~: 
IF BORPL1U=1THEN 
76 ; 4 
RESTOREDIVIDEND 


'27 ; 3 
ELSE 


38 .;4 
i~JOTI[NT[!n 
=1 


]"1 
;} 
EN(!IF 


4~1 i! 
COUIH.=ccaJNT-1 
41; 
2 
UNTIL COUNT=0 
42; 
2 
CLEARO~'ERFLOWFLAG 
43 ; 1 END:F 
44; 
1 ENDDI'llDE 
45 .; 


46; 
EQ!JATES 
47· 
48 ; 
49 >;A 
EQU 
~:2 
5et COIJNT 
EQU 
R3 
51; 


'52 SEJECT 


53 SINCLIJDE(:F11!IV16) 
54;1 
DIV16: 


55 DIV16 
XCH 
A, ;~A 
ROUTINEWORKS!'I05TLY WITH sus 
15-8 


56; 
1 COl~lT: =8 
S7 
MOV 
COUNT.,.~~ 
58 ; 1 DIVlDENCH5-8J:=DIVIDENfH5-3J-DIVlSOR 


59 
(PL 
A 
6(J 
A(J(\ 
A. @Rl 


61 
(PL 
A 
62 ; 1 I F BORROW~tlTHENi* IT t I1 S*/ 
63 
JC 
DlVIA 
64 ; 2 
SET O','EPFLOWFLflG 


65 
CPC 
C 
66 
JMf' 
[dVIB 
67; 1 !:1SE 
68 fjp.,.'IH: 


69 . 2 
~ESTOREDIYIDEND 


7lJ 
FlOO 
A, @Ri 
71 
2 
REPEAT 
72 DIVILP 
7].] 
DIIIWEND =DIVlDENO*2 


Figure 
6 (continued) 


• 
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"'4 
,~ 


9~, r,!'.nc 
% ·4 
GIJOTIENnn=l 


'3;' 
WC 
>~H 


98 
mHF 


:19 ;] 
C.jlJt~T =(:(~JNT-1 


= 100 
." 
IJ'HIL 
COIJNT=ti 


= 1<11 (,IYle' 
DJNZ 
llJlJrn. 
DI'iiLP 
= 1~2 
"I 
CLEH~'O',,'ERFLCtW FLAG 


= 10: 
Cl" 
C 
= 1(14 ·1 
Hlf'IF. 


= 105 ; 1 ~NfO['I'JlD£ 


= 
106 
[I 1':'113 
:~CH 


intel.. 


ux 
OBJ 
SEa 


'4 , 
.' ,. 


ooec 
q? 
75 
-, 
!JIo)3D2A 
7'; 


OOOE U 
7'? 


OOOF 
2P- 
,~ 
'"o 
~110 
F7 
79 


01311 £618 
80 
o!Jn 
:.'7 
~:1 


~){l14 61 
82 
£1<115" 
'::2; 
~( 
0016 
1'l42~ 
~:4 
:~5 , 


0018 
~7 
::~t.[,IVIE: 
,. 


0019 61 
;3~ 
(letA " 
f:£ 
~i 
;?~ 


€lelS 
1;6211 
~'& 
91 . .\ 


€1131[l ';,1 
:~i 
1~11E \1421 
~:? 


oo~€t lA 


0021 
£BOC 


ee24 28 


~3e25 81 
" 1~7 


HIS 
END 


1J5E" S~'I1BOlS 


COUW 
1;100] 
[irV16 
[10&" 


~'~A 
~3~t€12 


ASS£I'!E:L',' ((~1PLETE, 
/10 E~RO~:S 


Ap·49 


SOIJRCE STATEI'ENT 


I.~JOTIErH 
=(lIJOTIENT*2 


CLR 


XCH 
H, AA 


!'LC 
A 


>~CH 
A, XA 


PLC 
A 


.!Ne 
[;IVIE 


(PL 
A 


AD[) 
A,@Rl 


CPL 
A 


.:r'w 
ervrc 


[,I \IIDENIX15-8 J =DIVl[,£N[i[ 15-8 J-VIVlSOR 


CPL 
A 


A[i(', 
ti.l:!Ri 


CPL 
A 


IF 
E:ORROIol=1 
THEN 


,;!jC 
D1VI( 


P£STOI"£ t'IVWEND 


A· ~Rl 


DIV H' 


rl['[' 
'I'if' 


ELSE 


H. XA 


RET 


[)IVIS 
tlS24 
ervrc 
0020 
DI','W 
0021 
[i/VIE 
0018 
DIVILP 
!!13t1l; 


Figure 6 (continued) 
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BINARY AND BCD CONVERSIONS 
The 
variable 
BCDACCUM 
is a BCD string 
used 
to ac- 


cumulate 
the result; 
the variable 
BIN is the binary 
num- 


ber to 
be converted. 
PRECISION 
is a constant 
which 


gives 
the length, 
in binary 
bits of BIN. To see how this 


works, 
assume 
that 
BIN is a sixteen 
bit value with 
the 


most 
significant 
bit set. On the first 
pass 
through 
the 


loop 
the multiplication 
of BIN will 
result 
in a carry and 
this 
carry 
will 
be 
added 
to 
BCD. 
On 
the 
remaining 


passes 
through 
the loop 
BCD will 
be multiplied 
by two 


15 times. 
The initial 
carry 
into BCD will 
be multiplied 
by 
215 or 32678, which 
is the "value" 
of the most significant 


bit 
of BIN. 
The 
process 
repeats 
with 
each 
bit 
of 
BIN 


being 
introduced 
to BCDACCUM 
and then being 
scaled 


up on 
successive 
passes 
through 
the 
loop. 
Figure 
7 


shows 
the 
implementation 
of 
this 
algorithm 
for 
the 


8049. 


The conversion 
of a binary 
value to a BCD (binary 
coded 


decimal) 
number 
can 
be 
done 
with 
a very 
straight- 


forward 
algorithm: 


CONVERT_TO.J3CD: 


BCDACCUM: = 0 
COUNT: = PRECISION 
REPEAT 
BIN:= 
BIN' 
2 
BCD: = BCD • 2 + CARRY 
COUNT: = COUNT - 1 
UNTIL COUNT = 0 


END CONVERT_TQBCD 


1·66 
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!SIS- 
J 1 I'tCS-48/UPH1 
t«RO 
ASSEI1IlLER, 
Y2 B 


LOC 
OOJ 
SEQ 
~CE 
STATEt£Nl 


1 Slft:ROFILE 
2 SINCLLlDEl 
FLCONBCD HED) 


:> ,,,*.*****.,*.tt*******************~********..,*.****.***** 
•• *.*********"''''********* 
4 ,et 
* 


5 
; * 
COOBCD 
* 
6 
;./< 
* 


7 :*=====================================================================* 
8 ,:* 
* 
9,* 
THIS 
UTILITY 
CONVERT', A 16 BIT 
BINARY VALUE 10 BeD 
* 
18 ,* 
A1 ENTI1Y 
• 
11: 
~ 
A = L(I'JE~' EIGHT BITS 
OF [jIrBIY 
''l'fl.1.1E 
• 
12 ;* 
:<A= IJPP(I( EIGHT 
BlIS 
OF BINflP.'r' 
YfllJE 
* 


13 
: * 
Re= POINTER TO il f'AC~Ev 
SCC' Sll1ING 
* 
14 ,:. 
* 
15 ;* 
HT EXIT 
l' 
16; 
~ 
A " I.QIDEFINEll 
* 


17 
:. 
;(A= UNDEFINED 
* 
18 
;:1< 
C = SET IF 
OVEf.1'LOIo: ELSE 
CLEARED 
* 


19 ;* 
* 


29 ;***************.**.*~****.***,.**.j<*********************~****.f<****************** 
21 ; 
22, 


21 
SlNCllI()E<F1 
CONBCD Pl'V 
24 ,1 
CONIlEI1T_TO_BeD 


2'5 ; 1 OCOACC,=e 
26, 
1 COUNT=16 
27 
1 F:EPEAT 


28 
: 2 
BIN: =BIN*2 
-( 


2? 
; 2 
BeD, =BeD*2+CARRI' 


30 ; 2 
IF 
CAR"'" FROII BCI)ACCGOTO ERROR EXIT 


31:2 
~T:=(,OUNT-1 


]:2 
; 1 UNTIL 
WJNT~ 


]3 
: 1 END WWERT _TO_BCD 
~4, 
]'5 
EQUATES 
36~~; 
-" 


0002 
::s XA 
mu 
1!2 


0003 
39 COUNT 
£QU 
1<:3 


0004 
4e leNT 
EQV 
"4 
41 ; 


0003 
42 
DIGPR 
EQU 
3 
41 ; 


eeoo 28 


44 SElECT 


45 $INWU 
r F1 
C(~lBCvi 


46 ' 
47 TEi'lPl 
SET 
R5 


48 ; 
49 ,1 COI/',U'L TO_BW 


,,\13 C%C~ 


S1 ; 1 BCr,fl{.C =9 
52 
Xf...H 
A,R8 


Figure 
7 
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W: 
OOJ 
SEQ 


OCittl '19 
9002 n 
90(C 
OC~7 


~ 
1:1100 


0007 
19 


f3\'JI,18 
fC05 


~: 
97 


סס oo 
1=7 


0f".tE 2ft 
i3l10F .7 
001i:! ~A 


0011 
23 
0012 
A9 
3013 23 
0014 
SC~3 


0016 
AI) 
0017 F1 
001S 71 
0019 57 


13911i 'U 
0018 
19 
OC'1~ ECl? 


001E "(' 


001F F624 


0021 
EBOC 
0023 
97 


0024 ~3 


5::' 
110V 
H,A 
54 
~('~H 
fI.. RO 
55 
I'IIP 
rorr. tDIGf'~' 


'56 t'.c(,c('~ MOv 
~1 ..41313 


57 
WC 
PI 


:.::: 
DJr~: 
!C~T. BCfoCOA 


~9 .1 
cJjI.m =If 


513 
l10V 
(.OIJNT. i16 
61 . 1 ~'EPEAT 


£·2 E:(:[(.OB 
.;:; .: 
i:.:N. =811#;: 


';4 
CH' 


~') 
RlC 
fi 


56 
XCH 
A..XA 


67 
RLC 
A 
ss 
XC.H 
fl, :\A 


';;9 ; 2 
E:CD' =BCD*2tCA/lII'!' 


73 
~i(fl 
fl..R0 
71 
MOV.,1, 
A 


12 
XCH 
A, Re 


73 
i'lOY 
ICNT.IDIGPII 
74 
W.N 
TEMP1. A 


7'5 B(tJ{lC 
HOY 
A· ~R1 
76 
AW:' 
it. ~i 


77 
[)fi 
A 
78 
110',1 
~LA 


79 
lNC 
Ri 


8f.l 
r, JNZ 
I ellT . 8CDOC 


531 
nOli 
A. TEMP1 


82 ,2 
(F CARf{', F~IM SCC'ACe GOTO ERr.:'JR EXIT 
B3 
JC 
BC['{'O[' 


84 . 2 
COUNT=COIJNT-1 
8'5 01 UNTIL 
COlJHT=0 


~:6 
c'rnz 
CI)JNT.. Bcr.COB 


87 
CLR 
Co 
CLEAR CARRY TO WDICATE 
NORMAL TERHINfiTWU 
83 
0 1 END CQN','EPT _TO_BeD 


:39 8C£lCOV 
RET 


913 HI!) 


USER S'r'MBOLS 


8crlCOA 
;.l(t05 
E:CDCOB oooc: 
f',C(,COD 0024 
BCOOC 0017 
CN8C(, 
0000 
COUNT 
0003 
DI(;PR 
oom 


TEMPl 
00135 
)(A 
0002 
leNT 
0004 


A55EMBL'r' 
(Ol'lPLETE· 
NO ERRORS 


Figure 
7 (continued) 
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The conversion of a BCD value to binary is essentially 
the same process as converting a binary value to BCD. 
ing the following substitution: 


CONVERLTO.J3INARY 
BIN:=O 
COUNT:= DIGNO 
REPEAT 
BCDACCUM:= BCDACCUM • 10 
BIN:= 10 • BIN + CARRY DIGIT 
COUNT:= COUNT- 1 
UNTIL COUNT=O 
END CONVERT_Ta_BINARY 


BIN= 10' 
BIN=(2)' 
(5)' (BIN)=2' 
(2' 
2+ 1)' 
BIN 


The only complexity is the two multiplications 
by ten. 
The BCDACCUM can be multiplied by ten by shifting it 
left four places (one digit). The variable BIN could be 
multiplied 
using the multiply 
algorithm 
already dis- 
cussed, but it is usually more efficient to do this by mak- 


This implies that the value 10 • BIN can be generated by 
saving the value of BIN and then shifting BIN two places 
left. After this the original value of BIN can be added to 
the new value of BIN (forming 5 • BIN)and then BIN can 
be multiplied by two. It is often possible to implement 
the multiplication of a value by a constant by using such 
techniques. Figure 8 shows an 8049 routine which con- 
verts BCD values to binary. This routine differs slightly 
from the algorithm above in that the BCDdigits are read, 
and converted to binary, two digits at a time. Protection 
has also been added to detect BCD operands which, if 
converted, would yield binary values beyond the range 
of the result. 


ISI5-!! 
MCS-4:::!UPHl 
MileI/O ASSEMBlEP. 
'12.0 


LOC 
OB.! 
SEQ 
SOURCE: STATEMENT 


1 $MtlCI<OFILE 
2 $lNCLUDE( 
Fl: co/mIN. 
HE[)) 


3 .:~**~*********"****~***:.************************************:j:****************~,* 
4 
:;. 
* 
5: * 
CONBIN 
'" 


£, 
.::t; 
* 
7 ; :fI========================================================================* 


8' 
.: t 


9 
.i * 
Hl.* 
11 :* 


THIS 
UIILlW 
CON'lERTS 
A 6 lilGIT 
BCD '~ALlIE TO BINARY 


AT ENTP'.'· 


RO= POINTER 
TO A PACKEr) BCD SITING 


* 
* 


'" 
* 
12 ::. 
* 
B:~ 
AT EXIT: 
'" 
14: 
'" 
A = LOWER EHiHT 
BITS 
OF THE BINAR'~ RE5111.J 
* 


10 
: '" 
:«F:= tiPPER 
EIGHT 
BITS 
OF THE BINARY RESULT 
* 


16 : '" 
C = SET 
IF 
OVERFLOW ELSE 
CLEARer; 
* 
17: '" 
* 


18 
:*************H******:j··H·t***·.**************************"'********************"'* 
19 .: 
2ll .: 
21 $JNCL'-~i[(F1:(:ONBIN. 
PDU 


2:<. 
24 .:1 CONVERT_TO_BINAR~' 
25 :1 POINTERB:=POnHER0+I)IGITPAIR-1 
26 ; 1 COl~n· =DIGITPAIR 
27 ;1 BIN=~ 


28 
: 1 REPEAT 


29 
: 2 
8IN 
=BlN:l>lIJ 
jl): 2 
BIN=BIN+I'IEM(R0)[;'-4 
I 


31 
: 2 
BIN:=8IN*Hl 
32 .:2 
BIN =BlH+t1EWR0)D-0l 


All mnemonics 
copyrighted 
<0 Intel Corporation 
1979. 
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LOC 
OOJ 
SlHCE 
STRTEIlENT 


eoo6 27 


13007 AA 


0008 
142B 
009f1 
F62ft 


~ 
AD. 


eooo Fa 
ooftE 47 
eooF 53eF 
0011 
60 
0012 
2R 


0013 
1300 
0015 
2A 
0016 
F62R 


0018 
1428 


001R F62R 


BalC 
AD 
oo1D Fe 
oo1E 530F 
0020 
6D 


0021 
2A 


SEQ 


33 
; 2 
1'01'HE~ 
=POINTER&-l 


34 ·2 
COI.m: =C()JNT-1 


35 • 1 UNTIL 
COllNT =0 


36 
; 1 El{) 
t:ON~'ERLTO_BINAR'l' 


38.' 
E~JRTES 
~ 
. ======= 


413 
.' 


41 XA 
EQU 
R2 
42 COI",T 
mu 
1<3 


43 
ICNT 
mu 
R4 
44 ; 


4S r'IGPR 
EQU 
3 


46. 
47 SElECT 


48 SINCLUDE<'F1:CONBIN) 
49, 


50 
TEMPl 
SET 
R5 
51 TEt1P~ 
SET 
R6 
S2 ; 
53 ; 1 CON'.'ERL TO_BINARY 
54 COI-IBIN: 
55; 1 POINTE~:0: 
=POINTERetOIGITPRIR-l 
:06 
HOoJ 
A, Re 


57 
ADD 
A,IDIGPR-l 
58 
I'IOV 
Re..A 
59 ; 1 C(~.INT: =[)IGITPAIR 
69 
I'!O'I 
COIJjT, ID IGPR 
61; 1 BIN 
=~) 


62 
CLR 
R 


C 
MO'.' 
:{R,R 


64 ; 1 REPEAT 
65 CGNBLP. 


66;2 
BIN:-8IN*1e 
67 
CALL 
CONB13 


E.'> 
.IC 
CONBER 
69;2 
BIN. =BIN+MEt1(RM 7-4 1 


78 
H(~! 
TEMPt, A 
71 
"1OV 
R,~Re 


72 
SWAP 
A 
73 
ANt. 
A,'~H 


74 
ADD~. 
TE~P1 


is 
XCH 
A, XR 
76 
ADOC 
A, lOO 
77 
XCH 
H, XA 


78 
)C 
C!JNI;ER 


79 ,2 
~IN=BIH*lll 


Set 
CALL 
CONBHj 


81 
JC 
COIlBER. 


82 ; 2 
BIN =BIN+MEt1(R8)(3-0l 


3? 
HOII 
TEMP1,A 


f;4 
~o'.' 
A,~9 


35 
ANt. 
A,10FH 


% 
ADD 
A, TEMP1 


87 
XCH 
A, XA 


All mnemonics 
copyrighted 
<0 Intel Corporation 
1979. 
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0022 
1309 
0024 
2A 
OOl:; ~62fl 


0027 C8 


0028 fBes 


002A 
rE 


00213 AV 


002C 
2H 
002D 
RE 


002E 
2A 


OO'lF 97 
003(1 F7 


0031 
2A 
0032 F7 
003]. 
2A 
~G4 
F646 


0036 F7 
0037 
2A 
0033 F7 
0039 2f; 


003fi 
F646 


003C 
6[\ 


oo3D 2A 


003E 
lE 
OO§ 
2A 


004e 1'646 


0042 F7 


0043 
2A 
0044 F7 
9045 2A 


0046 83 


5EQ 
SOI..f.CE STATEPENT 


= 122 
ADD 


= 123 
XCH 
= 124 
ArifoC 


= 125 
XCH 


= 126 
JC 


= 127 


= 128 
RLt 


= 129 
XCH 
= 13B 
RLC 


= 1Si 
XCH 
= 132 
= 133 CONB1E 
RET 


= 134 


138 
ADOC 
A, tOO 
89 
XCH 
A, XA 


9!l 
le 
COIISEII 


91 ; 2 
POlliTERO 
=POINTER0-1 


92 
()EC 
RO 


93 ; 2 
COUIH.=COIJNT-1 
94; 
1 1JN1IL WJH 
=B 


95 
l'.JlI2 
COUNT,CONBLP 


96 ; 1 ENft CONVERLTO_BlNAR',' 


97 CO/leER· ~ET 


98 
SElECT 


99 


=100 
= 1111 
= 192 
= 193 


= 104 CONB10. 1'10'.' 


= 105 
XCH 
= 106 
1101/ 


= HI7 
XCH 


= 108 
; 
= 109 


= 110 
= 111 
= 112 


= 113 


= 114 
= 11S 
= 116 


= 117 
= 118 
= 119 


= 128 
= 121 


= 135 
136 
tN/) 


UTILlT'.' 
TO I1tlTIPLy' 
BIN B',' 19 


CARRy' WILL 
BE SET IF 
OVERFLOW OCCURS 


TEI1P1. A , 
SA'.'E 
A 


A, XA 
; 
SAVE 
XA 


TEI'IP2,A 


A,:':A 


CLR 


RLC 
XCH 


RLC 


C 


A 


A, XA 


A 
A, ~.:A 


CONB1E 


; 
BIN: =8111*2 


le 
ERROR 011 OVERFLOW 


RLC 


XCH 


RLC 
XCI{ 
.le 


A 


A.XA 
ft 


A.. XA 


CONB1E 


BIII:=BIN*4 


; 
ERROR ON OIlERrLOW 


A, TEMP1 ; 
BIN =BIN*5 


A.ItA 


A. TEMP2 
A..:~A 


CotlBIE 
ERROR ON OVERFLOW 


A 
BIN =8111*10 


A, XA 


A 


A, XA 


USER SYMBOLS 


CONB10 002B 
CONB1E 0046 
CONBER902A 
CO/laIN 9009 
CONBLP 00!:lB 
COIJNT 
9003 
DIGPR 
11003 
lCNT 
00fJ4 
TEIf'1!lOOS 
TEI1P2 e086 
i:A 
ooe2 


ASSEMBLY 
COMPLETE, 
NO EPROPS 


All mnemonics 
copyrighted 
<t> Intel Corporation 
1979. 
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CONCLUSION 


The design goals of the full duplex serial communica- 
tions software were realized; if transmission and recep- 
tion are occurring concurrently, only 42 percent of the 
real time available to the 8049 will be consumed by the 
serial tlnk, This implies that an'8049 running full duplex 
serial 110 will still outperform earlier members of the 
family running without the serial 110 requirement. It is 
also possible to run this program in an 8048 or 8748 at 
1200baud with the same 42 percent CPU utilization. 


The execution times for the other routines that have 
been discussed have been summarized in Table 1.All of 
these routines were written to maintain maximum use- 
ability rather than minimum code size or execution time. 
The resulting execution times and code size are there- 
fore what the user can expect to see in a real applica- 
tion. The results that were obtained clearly show the ef- 
ficiency and speed of the 8049.The equivalent times for 
the 8048 are also shown. It is clear that the 8049 repre- 
sents a substantial 
performance advantage over the 
8048.Considering, in most applications, that the 8048is 


the highest performance microcomputer available to 
date, the performance advantage of the 8049 should 
allow the cost benefits of a single chip microcomputer 
to be realized in many applications which up until now 
have required too much "computer power" for a single 
chip approach. 


MPY8 


DIV 16 


CONBCD 


CONBIN 


EXECUTIONTIME 
(MICROSECONDS) 


BYTES 
8049 
8048 


21 
109 
200 


37 
183 MIN 
335 MIN 
204 MAX 
375 MAX 


36 
733 
1348 


70 
388 
713 


Table 1. Program Performance 


1-72 


intel® 
APPLICATION 
NOTE 
AP·55A 


August 1979 


INTU 
CORPORATION 
ASSUMES 
NO 
RESPONSIBILITY 
FOR 
THE 
USE 
OF ANY 
CIRCUITRY 
OTHER 
THAN 
CIRCUITRY 
EMBODIEO 
IN AN 
INTEl 
PRODUCT. 
HD OTHER 
CIRCUIT 
PATENT 
LICENSES 
ARE 
'MPlIED. 


""HTEL 
CO• .o••TlOH, 1079 
' 1-73 
9801007-(>1 


intel· 
Ap·55A 


I. PURPOSE AND SCOPE 


This 
Application 
Note 
presents 
a description 
of 
the 
design 
and operation 
of a high-speed 
emulator 
for the 
Intel~ 
MCS-48™ 
family 
of single 
chip microcomputers. 


The HSE-49™ 
emulator 
provides 
a simple 
and inexpen- 
sive means for executing 
and debugging 
8049 programs 
which 
require 
the 
full 
11-MHz 
operating 
speed 
of the 
part. 


Section 
11of this 
Application 
Note 
describes 
some 
of 
the features 
of this development 
tool and how it may be 
used. Section 
III briefly 
discusses 
the hardware 
used to 
implement 
these 
features, 
while 
Section 
IV describes 
the manner 
in which 
program 
execution 
status 
is made 
available 
to the operator. 


A detailed 
description 
of all of the operator 
commands 
is presented 
in Section 
V of this 
note, 
along 
with 
the 
modifiers 
and options 
which 
may be specified 
for each 
command. 
Known 
restrictions 
and 
limitations 
of 
the 
HSE-49 system 
are listed 
and explained 
in Section 
VI. 


Section 
VII 
shows 
how 
the 
basic 
circuit 
may 
be 
modified 
to provide 
options 
on memory 
organization, 
I/O 
configurations, 
etc. 


Full 
schematics 
of 
the 
system 
hardware, 
as well 
as 
monitor 
software 
listings, 
are presented 
in Appendices 
A and B, respectively. 
A short 
summary 
of the command 
syntax 
is 
presented 
in Appendix 
C,. Appendix 
D ex- 


plains 
the error 
message 
codes 
which 
may appear dur- 
ing use. 


It is assumed 
that the reader is already 
familiar 
with the 
operation 
of the 8048 or 8049 microcomputers. 
Some 
knowledge 
of the 8048 architecture 
is needed 
to under- 


stand 
sections 
of the command 
and modifier 
descrip- 


tions. 
Most 
users 
will 
already 
have 
this 
background. 


Other 
readers 
are 
referred 
to 
the 
MCS-48 
Microcom- 


puter 
User's 
Manua/, 
Intel publication 
number 
9800270. 


11. THE HSE-49 DEVELOPMENT 
TOOL 


In essence, 
the 
HSE-49 
emulator 
provides 
the 
user 
a 
means 
for executing 
an MCS-,48 program 
located 
in ex- 


ternal 
RAM rather 
than 
internal 
ROM or EPROM. 
This 
allows 
programs 
being 
debugged 
to be modified 
easily 
and 
quickly 
during 
the debug 
cycle. 
A user's 
program 
may be entered 
into system 
RAM either 
manually 
or via 
a 
serial 
link 
from 
a 
host 
computer 
such 
as 
an 
In- 
tellec'" 
Microcomputer 
Development 
System. 
Once 
loaded, 
the program 
can be modified 
using 
an on-board 


keyboard 
and 
display, 
and 
executed 
in real-time 
in a 
number 
of breakpoint 
modes. 
The internal 
state 
of the 
processor, 
including 
RAM, accumulator, 
timer/counter, 


and 
status 
register 
contents, 
can 
also 
be 
read 
and 
modified 
through 
the keyboard. 


Breakpoint 
and debug 
facilities 
are extremely 
flexible. 
The following 
execution 
modes are provided. 


• 
Programs 
may be run in full (11 MHz) real time; 


• 
Programs 
may be single-stepped; 


• 
In break 
mode, 
programs 
run in full 
real time 
until 
break occurs; 


• 
Breaks may be triggered 
by either 
program 
or exter- 


nal data RAM accesses; 


• 
Any 
number 
of 
breakpoints 
may 
be used 
in any 


combination; 


• 
"Auto-Step" 
operation 
causes 
the current 
program 


counter 
and Accumulator 
contents 
to be printed 
on 


the 
display 
for 
a short 
time 
on every 
instruction 


cycle; 


• 
"Auto-Break" 
provides 
the above display 
only when 


a break 
flag 
is encountered, 
with 
real time 
opera- 


tion 
otherwise; 


• 
While 
running 
in non-break 
mode, a TTL-Ievel 
pulse 


is generated 
whenever 
a break flag is encountered. 


This signal 
may be used to trigger 
an oscilloscope 
or Logic 
Analyzer 
to assist 
in hardware 
and soft- 


ware debug. 


• 
While 
running 
in 
any 
mode, 
the 
keyboard 
and 
display 
are "alive". 
Execution 
may be suspended 
or 


terminated 
by commands 
from 
the keyboard. 


Intent 
of this 
Note 


While 
the HSE-49 emulator 
can assist 
a new microcom- 


puter 
user in becoming 
familiar 
with 
the 8048 and 8049 
microcomputers, 
its 
inherent 
debug 
capabilities 
will 
also 
prove 
helpful 
to 
design 
engineers. 
The 
design 


could 
be used for new system 
development 
and verifica- 


tion or adapted 
for prototype 
production. 


The main concern 
in designing 
the HSE-49 emulator 
was 
to keep the basic 
design 
simple, 
while 
maximizing 
the 
system's 
flexibility. 
The 
design 
allows 
the 
use 
of 


jumpers, 
hardware 
and software 
switches, 
etc. to allow 


the user to reconfigure 
the system 
according 
to the way 


he dedicates 
Chip-select 
pins, 1/0, etc. The emulator 
can 
be changed 
to fit each user's 
unique 
needs, rather 
than 


forcing 
the user to alter his needs to what 
is provided. 


The primary 
intent 
of note is to provide 
the reader with 
the information 
needed to reconstruct 
and make full use 
of 
the 
HSE-49 
emulator. 
Less 
emphasis 
is placed 
on 
describing 
how the hardware 
operates 
or how the com- 


mands are implemented. 
This information 
may be found 
in 
the 
schematic 
diagrams 
and 
software 
listings 
in- 


eluded 
in the Appendices. 


Ill_ GENERAL 
HARDWARE 
OVERVIEW 


User Program 
Emulation 


The 
actual 
emulation 
of 
the 
user's 
program 
is done 


using 
an 8039 microcomputer 
(IC29 on the schematics 


in Appendix 
A) executing 
a program 
stored 
in external 


RAM. 
The 
basic 
minimum 
configuration 
includes 
the 


8039 microcomputer, 
an 8282 address 
latch 
(IC19), and 


2K bytes 
of 2114 RAM to use for program 
development 


and real-time 
execution 
(ICs B1, C1, B2, and C2). Addi- 


tional 
RAM may be added 
to allow 
the user to expand 


his program 
and data memory 
to 4K each. (If an 11-MHz 


crystal 
is 
used 
with 
the 
microcomputer, 
type 
2114-3 


RAMs 
must 
be used.) 
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System Supervision 


A second microcomputer 
- 
another 8039 (IC25) with an 
8282 address latch (IC16) and off-chip program memory 
In a 2716 EPROM (IC15) - 
is used to scan the on-board 
keyboard and display, 
Interpret 
and implement 
com- 
mands, 
drive 
serial 
interfaces, 
etc. 
In general, 
the 
master processor 
Is used to interface 
the execution 
processor's 
memory spaces with the outside world and 
control the operation of the execution processor. In this 
note the two processors 
will be abbreviated "MP" and 


"EP", respectively. 
Figure 1 shows how the two proc- 
essors interrelate with the rest of the system. 
system. 


familiar with the PROMPT-48™ debug tool for the 8048 
will find that 25 of the HSE-49 emulator keys are Iden- 
tical in function and layout to the PROMPT-48 keyboard, 
and use the PROMPT-48 command syntax. The eight ad- 
ditional 
keys are used to generalize and augment 
the 
PROMPT-48 capabilities, 
as described In Section V_ 


The eight-character 
sevsn-seqment 
display (051-058) 
Is used for displaying 
addresses, 
data, and pseudo- 
alphanumeric 
messages. The display responses printed 
in Section V and throughout 
this note use a mix of upper 
and lower case letters to indicate what seven-segment 
patterns appear. An 8243 (IC9) and eight DIP packages 
(resistor 
packs, 
current 
bullers, 
etc.) 
are used 
for 
mulliplexing 
the display and scanning the keyboard. 


Keyboard/Display 


The 33-key keyboard shown in Figure 2 includes a 16·key 
hexidecimal 
keypad and 17 special 
function 
keys for 
specifying 
commands 
and rnodttlers. 
Readers already 


Breakpoint Detection 


Breakpoints 
are specified 
and detected using a 2102A 
1K x 8 RAM corresponding 
to each pair of 2114s (ICs A1 


USER 
SYSTEM 
PROTOTYPE 


MASTER 
PROCESSOR 


HOST 
COMPUTER 
SYSTEM 
(INTELLEC) 


BBBBBBBB 
m 


CDEF 


lat9tAtBa 
9 
A 
B~ 
~ 
o 
2 
3 


CRT 


Figure 
1. HSE .• ' ™ 
Emulllor 
SIg",,1 Flow 
Dllgrlm 
BI GO/RESET IGI EXAM/CHA I DODO 
IUPLOAD I 
DDDO 
I SYS RST 11 DNLOAD I 
DDDO 
BIHARD REG IBBDDDD 


Flgurl 
2. HSE .• ' ™ 
Emulltor 
Commlnd 
Klybolrd 
0'110"1'0110" 
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and 
A2). In effect, 
each 
program 
or data 
address 
ac- 
cesses 
a 9-bit 
word. 
Eight 
bits 
are used 
normally 
for 


code or data storage. 
The ninth 
bit, accessed 
in parallel 
with 
the other 
eight, 
is used to indicate 
if a breakpoint 
has 
been 
set 
for 
that 
address. 
This 
output, 
when 


asserted, 
is latched 
(IC27 and IC36) and used to halt the 
execution 
processor 
via the single-step 
input. 
(In other 
modes, 
the break 
logic 
can be reconfigured 
to set the 
break 
requested 
flip-flop 
on any 
EP machine 
cycle 
or 
any EP "MOVX" 
instruction.) 


Link Register 


An 8212 8-bit latch 
(IC18) is used to communicate 
data 
and commands 
between 
the master 
and control 
proc- 


essors. 
Under control 
of the MP, this register, 
called 
the 


"Link" 
register, 
may be logically 
mapped 
into either 
the 
program 
or 
data 
RAM 
address 
spaces. 
When 
this 
is 
done, 
the 
2114s 
in the 
respective 
memory 
space 
are 
disabled 
and 
the 
link 
responds 
to 
all 
accesses, 


regardless 
of 
address. 
The 
link 
will 
be discussed 
in 
greater 
detail 
in Section 
IV. 


Control 
Logic 


In 
addition 
to 
the 
devices 
mentioned 
above, 
the 
minimum 
configuration 
requires 
about 
10 additionallCs 
for bus arbitration, 
system 
control, 
and breakpoint 
and 
single-step 
logic. 
Additional 
parts 
may 
be optionally 


added for serial 
port interfacing, 
I/O reconstruction, 
etc. 


MP Monitor 


The monitor 
program 
executed 
by the MP includes 
com- 
mands for filling, 
reading, 
or writing 
the various 
memory 


spaces, 
including 
the 
execution 
processor's 
program 
RAM, external 
("MOVX") 
data RAM, accumulator, 
PSW, 


PC, timer/counter, 
working 
registers, 
and internal 
RAM; 


to execute 
the user's 
program 
from arbitrary 
addresses 


in various 
debugging 
modes; and to upload or down load 


object 
or 
data 
files 
from 
diskettes 
using 
an 
In- 
tellec'" 
development 
system. 
No 
special 
software 
is 


needed 
for the Intellec'" 
other 
than 
ISIS Version 
3.4 or 


later. 
The data format 
is compatible 
with 
the standard 
Intel 
hex file 
format 
produced 
by ASM-4; the baud rate 
may be altered 
from 
110 baud (default 
state) 
up to 2400 


EXECUTION 
PROCESSOR 


baud from 
the on-board 
keybao. 
Blocks 
of data may be 


transmitted 
to 
a CRT 
or 
printer 
and 
displayed 
in 
a 


tabular 
format. 


IV_ INTERPROCESSOR 
COMMUNICATION 


Program 
Break Sequence 


When the MP detects 
that the EP has been halted by the 


breakpoint 
hardware, 
or when 
the 
operator 
presses 
a 


key while 
the program 
is executing, 
the program 
break 


sequence 
is initiated. 
The low-order 
23 bytes of user pro- - 


gram 
memory 
is read into 
a buffer 
within 
the 
internal 
RAM 
of 
the 
MP. 
A 
short 
program 
for 
reading 
and 


transmitting 
internal 
EP status 
is written 
over the low- 


order 
program 
memory. 
(This- is one 
of several 
"mini- 


monitors" 
overlayed 
over the 
user 
program 
area.) The 
link 
register 
is mapped 
logically 
over the user program 


memory, 
and loaded 
with 
the 8049 machine 
code 
for a 
"CALL" 
instruction 
to the 
mini-monitor 
program 
area. 


The EP is then allowed 
to fetch a single 
instruction 
from 
the link, 
i.e., the "CALL" 
to the mini-monitor 
is forced 


onto 
the EP data bus. 


From this 
point 
on, the EP executes 
code contained 
in 
the mini-monitor. 
The link 
is logically 
mapped 
over the 


data RAM address 
space (whether 
or not any 2114 data 


RAMs 
are present). 
A block 
diagram 
of the system 
at 


this point 
is shown 
in Figure 3. The break logic 
is recon- 


figured 
so that 
any "MOVX" 
(RD or WR) operation 
ex- 


ecuted 
by the EP will 
cause 
it to halt. 


For example, 
after 
entering 
the 
first 
mini-monitor, 
the 


EP executes 
a "MOVX 
@RO,A" 
instruction. 
This writes 


the contents 
of the accumulator 
prior 
to the execution 


termination 
into the link, and causes 
the EP to halt. The 


MP may then read and retain 
the link contents 
to deter- 


mine 
the 
EP accumulator 
value. 
The 
EP timer/counter 


and PSW are preserved 
in the same manner. 


Accessing 
EP Internal 
RAM 


After 
reading 
and 
saving 
EP internal 
status, 
the 
MP 
loads a different 
mini-monitor 
into the same RAM area. 
This 
monitor 
allows 
the 
internal 
RAM of the 
EP to be 
read and written 
by the MP by passing 
address 
and data 


MASTER 
PROCESSOR 
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Figure 
3_ Communlc.tlon 
between 
EP " MP 
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values 
between 
the 
two 
processors 
using 
the 
link 


register. 


This 
is needed 
for two 
reasons. 
First, 
the EP program 


counter 
prior 
to the forced 
"CALL" 
instruction 
may be 


derived 
from 
the 
EP 
stack 
contents, 
and 
may 
be 


modified 
to cause 
the EP to resume 
execution 
at any 


desired 
address. 
Secondly, 
the internal 
RAM of the EP 


may then 
be accessed 
and modified 
in the process 
of 


executing 
a number 
of the monitor 
commands. 


Resuming 
User Program 
Execution 


In order 
to resume 
user 
program 
execution, 
a status- 
restoration 
mini-monitor 
is overlayed. 
This restores 
the 


EP internal 
status 
using a scheme analogous 
to the one 


in which 
the status 
was originally 
saved. The final 
step 


of the last rntni-rnonitor 
is an "RETR" 
instruction, 
after 


which 
the 
EP is again 
halted. 
The 
low-order 
program 


memory 
saved earlier 
is rewritten 
into 
the appropriate 


area, the break logic 
is reconfigured 
for the desired 
ex- 


ecution 
mode, and the EP is released to run at full speed 


until 
the next break situation 
is encountered. 


Note 
that 
all 
commands 
are 
implemented 
using 


"Iogical" 
rather 
than 
"physical" 
addressing. 
Thus 
the 


operator 
need not be concerned 
with 
the intricacies 
of 


the system 
design. 
For example, 
when any monitor 
com- 
mand refers to low-order 
user program 
memory, 
the ap- 


propriate 
byte of storage 
within 
the MP internal 
RAM is 
accessed 
instead. 
If the location 
is altered, 
the internal 
RAM is modified 
appropriately. 
When program 
memory 


is reloaded 
prior 
to resuming 
user program 
execution, 
the modified 
version 
of the user program 
will be the one 


loaded. 


Baud 
HR06 
HR07 


110 
93H 
04H 


150 
96H 
03H 


300 
45H 
02H 


600 
9DH 
01H 


1200 
44H 
01H 


2400 
1AH 
01H 


Table 1. Serial 
Interface 
Data Rate Parameters 


v. HSE-49 COMMAND 
DESCRIPTION 


Whenever 
the characters 
"HSE-49" 
are present 
on the 


system 
display, 
a command 
string 
may be entered 
by 


the operator. 
In general, 
all command 
strings 
consist 
of 


a 
basic 
command 
initiator, 
an 
optional 
command 


modifier 
or type-designator, 
and a number of parameters 


or delimiters 
entered 
as hexidecimal 
digits. 
A command 


is executed, 
or a command 
in progress 
terminated, 
by 


pressing 
the 
[END/.] 
key. 
Logical 
default 
values 
are 


assumed 
for the modifier 
and parameters 
if either 
(or 


both) are omitted. 
A defualt 
parameter 
assumed 
for the 


command 
modifier 
will 
be presented 
on 
the 
display 


when the first 
parameter 
is entered. 


Each parameter 
IS a string 
of up to three 
hexidecimal 


digits. 
If more 
than 
three 
digits 
are entered, 
only 
the 


most 
recent 
three 
are considered. 
This 
allows 
an er- 


roneous 
digit 
to be corrected 
without 
respecifylng 
the 


entire 
command. 
A parameter 
is completed 
by pressing 


the [NEXT/,] 
key. Some commands 
may only 
need the 
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low 
order 
part 
of a parameter; 
i.e., a command 
incor- 


porating 
a data 
byte (such 
as [FILL]) 
will 
use only 
the 
low-order 
8 bits 
of the corresponding 
parameter; 
Inter- 


nal 
RAM and 
hardware 
register 
addressing 
uses 
only 
seven. In each case, higher 
order bits are ignored. 


A command 
string 
is terminated 
and the command 
in- 


voked 
by pressing 
the [END/.] 
key. The command 
will 
also be invoked 
by pressing 
the [NEXT/,] key when no ad- 


ditional 
parameters 
are allowed. 
A command 
string 
may 


be aborted 
at any point 
before 
the command 
is invoked 
by 
pressing 
the 
[CLEAR/PREV] 
key, 
and 
the 
sign-on 
message 
will appear. 


Errors 


An 
illegal 
command 
string, 
command 
terminator, 
or 


hardware 
failure 
will 
cause 
an error 
message 
and error 
code number 
to appear on the display 
(e.g., "Error-.3"). 


When this 
occurs, 
the monitor 
can be returned 
to com- 


mand mode by pressing 
the [CLEAR] or [END/.] keys. An 
explanation 
of the various 
error codes is given in Appen- 


dix D. 


Command 
Classes 


Commands 
for 
the 
HSE-49 emulator 
are divided 
into 


general classes, 
where all commands 
in each class have 


the same choice 
of options 
or modifiers. 
A brief descrip- 


tion of each command, 
followed 
by a description 
of the 
allowed 
options, 
is presented 
below 
by class. 


Data Manipulation/Control 
Command 
Group 


Commands: 


[EXAM/CHA] 


Display 
Response 
- 
"ECh." 


Function 
- 
Examine/change 
memory 
location. 


Causes 
the memory 
address 
specified 
to be read 


and 
presented 
on the 
display. 
New 
data 
may 
be 


entered 
(if desired) 
from 
the hexidecimal 
keypad. 


New 
data 
is 
verified 
before 
appearing 
on 
the 


display. 
Subsequent 
or previous 
locations 
may be 


read 
by 
pressing 
the 
[NEXT/,] 
or 
[PREV] 
keys, 


respectively. 
Command 
terminated 
with 
[END/.] 
key. 


[FILL] 


Display 
Response 
- 
"FIl." 


Function 
- 
Fill 
range of memory 
addresses 
with 
a 


single 
data value. 


Fill the appropriate 
memory 
space between 
the ad- 


dresses 
specified 
by the first 
two parameters 
with 


the low-order 
byte of the third 
parameter. 
If second 


parameter 
less 
than 
first, 
only 
the 
location 
specified 
by the first 
is affected. 
II third 
parameter 


omitted, 
zero 
is 
assumed. 
If 
second 
and 
third 


parameters 
omitted, 
individual 
address 
specified 
is 


cleared. 
Command 
is 
useful 
for 
setting 
a large 


range 
of 
breakpoints; 
e.g., all 
of 
page 
3 may 
be 


enabled 
for break with 
the command: 


[FILL][PROG 
BRK]<300>[,]<3FF>[,]<1>[.] 


1-77 


intel· 
AP·55A 


[LIST] 


Display Response - 
"LSt." 


Function - 
List memory to output device through 


HSE·49serial port. 


Display the contents of a range of addresses given 
by two parameters to a teletype or CRT screen. 
Data is formatted, 16 separated bytes per line, with 
the starting address of each line printed. If used 
with an Intellec<Dsystem, the operator first uses 
ISIS-II to transfer the DY 
input to the CRT output 


("COPY :TI: TO :CO:") then invokes this command 
from the keypad. Alternatively, any ISIS device or 
disk file name(:TO:, :LP:, :F1:HRDREG.SAV, etc.) 
may be used as the destination. 


[DNLOAD] 


Display Response - 
"dnL." 


Function - 
Download memory through HSE-49serial 
port 


Load data in hex file format through the serial input 
port. If used with Intellec<Dsystem, the operator 
first invokes this command from the keypad, then 
uses ISIS-II to transfer a disk file to the teletype 
port ("COPY: Fn:file.HEX TO :TO:"). 


The use of the checksum field for the download 
command is expanded slightly over the Intel hex 
file format standard. If the first character of the 
checksum 
field 
is a question 
mark ("?"), 
the 
checksum for that record will not be verified. This 
allows large object 
files produced by the assembler 


to be patched using the ISIS text editor without the 
necessity of manually recomputing the checksum 
value. 


[UPLOAD] 


Display Response - 
"UPL." 


Function - 
Upload memory through HSE·49 serial 


port. 


Output 
the contents 
of 
a range of addresses 
specified 
by the 
two 
parameters 
through 
the 
HSE-49serial port in standard Intel hex file format. 
If used with Intellec<Dsystem, the operator first 
uses ISIS-II to transfer the TTY input to a disk file 
("COPY :TI: TO :Fn:file.HEX"), then invokes this 
command from the keypad. 


Data types allowed: 


[PROG MEM] 


Display Response - 
"Pr." 


Function - 
User program memory. 


Memory used to develop and execute user program. 
Addresses 000 through 7FF are the execution proc- 
essor's 
memory bank 0; 800 through 
FFF are 
memory bank 1. 


[REGISTER] 


Display Response - 
"rG." 
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Function - 
Register memory and RAM. 


Internal RAM of execution 
processor. Locations 
0-7 are working register bank 0; 18-1F are working 
register bank 1. Only the low-order 7 bits of an ad- 
dress are considered. 


[DATA MEM] 


Display Response - 
"dA." 


Function - 
External data memory (if installed). 


Memory accessed by execution processor "MOVX 
A,@Rr" or "MOVX @Rr,A" instructions. High-order 
4 bits mayor 
may not be relevant, depending on 
jumpering option selected (explained in Section VII 
of this note). 


[HARD REG] 


Display Response - 
"Hr." 


Function - 
Hardware registers. 


The execution processor (EP) hardware registers 
(accumulator, 
timer/counter, 
etc.), 
as 
well 
as 
several parameters for controlling 
HSE-49 system 


status, 
are 
accessible 
through 
this 
catch-all 


memory space. Addresses are as follows: 


00 - 
EP accumulator. 


01 - 
EP PSW. 
Bits correspond to 8049 PSWexcept that bit 
3 (unused in the 8049)is used to monitor and 
alter the state of F1. Bits 2-0 correspond to 
the stack pointer value after the EPexecutes 
a CALL to the mini-monitor; i.e., one greater 
than when EP was running the user's pro- 
gram. 


02 - 
EP timer/counter. 


03 - 
EP internal RAM location 00. 
(This 
value 
is 
also 
accessible 
through 


[REGISTER]space.) 


04 - 
EP program counter (Iow byte). 


05 - 
EP program counter (high nibble). 


06-07 - 
HSE-49 serial interface baud rate param- 


eters. Defaults to 110 baud; other rates may 
be selected by loading the values listed in 
Table 1. 


08 - 
HSE-49 
automatic 
sequencing 
rate 


parameter. 
Used in 
[GOJ[AUTO STP] and 
[GOJ[AUTOBRK] execution commands. 00 - 
fastest; FF - 
slowest. Defaults to 20H; ap- 


proximately two steps per second. 


09 - 
Monitor 
version/release 
number 
(packed 


BCD). 


aA-OF - 
Currently unused by the monitor program. 


10-7F - 
Variables used by master processor (MP) 


monitor. Should not be altered by operator. 


[PROG BRK] 


Display Response - 
"Pb." 
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Function 
- 
User program 
breakpoint 
memory. 


Memory 
space 
used to indicate 
points 
where 
pro- 


gram execution 
should 
halt when running 
in a mode 
with 
breakpoints 
enabled 
([GO][W/ 
BRK) 
and 
[GO)[AUTOBRK)). 
Break will occur 
if enabled 
byte is 
read as the first 
or last byte of a 2-byte instruction, 
or read in executing 
a MOVP, MOVP3, or JMPP 
in- 
struction. 
Memory 
is only 
1 bit per location; 
00 in- 


dicates 
continue, 
01 causes 
a halt. 
Addresses 
000 
through 
7FF are the execution 
processor's 
memory 
bank 0; 800 through 
FFF are memory 
bank 
1. 


[DATA 
BRK) 


Display 
Response 
- 
"db." 


Function 
- 
External 
data RAM breakpoint 
memory. 


Memory 
space 
used to indicate 
points 
where 
data 
accesses 
should 
halt when running 
in a mode with 
breakpoints 
enabled 
([GOJ[W/ 
BRK) 
and 
[GO)[AUTOBRK)). 
Memory 
is only 
1 bit per location; 


00 indicates 
continue, 
01 causes 
a halt. 
High·order 
4 bits of breakpoint 
address 
mayor 
may not be rete- 
vant, 
dependent 
on jumpering 
option 
selected 
for 


the corresponding 
data RAM (explained 
in Section 
VII of this 
note). 


User Program 
Execution 
Control 
Group 


Commands: 


[GO) 


Display 
Response 
- 
"Go." 


Function 
- 
Begin 
execution. 


If a parameter 
Is given 
as part 
of 
the 
command 
string, 
execution 
will 
begin 
at that 
address. 
Other- 
wise, 
the 
EP program 
counter 
(hardware 
registers 
04 and 05) will 
be used. These will contain 
the pro- 


gram 
counter 
from 
an earlier 
program 
execution 
break 
unless 
they 
have 
since 
been 
explicitly 
modified 
by the operator. 


If command 
is terminated 
by [END/.), the EP's F1, 


PSW and stack 
pointer 
will be cleared. 
If command 
string 
is terminated 
by [NEXT/,], 
PSW will 
be taken 


from 
the EP PSW contents 
(hardware 
register 
01). 


While 
running 
the 
user's 
program, 
the characters 


"-run-." 
are written 
on the display. 
Execution 
may 
be halted 
and another 
command 
initiated 
by press- 


ing the appropriate 
command 
key. Execution 
may 
be suspended 
at any time 
in any mode 
by pressing 
the [END/.) key. This will cause the current 
value of 
the execution 
processor 
program 
counter 
and ac- 


cumulator 
to 
appear 
on 
the 
display 
in the 
form 


"PC.234-56". 
System 
status 
is 
saved 
in 
the 
appropriate 
hardware 
registers. 
At 
this 
point, 
or 
when an enabled 
breakpoint 
is encountered, 
press- 
ing the [NEXT/,) key will 
cause 
the program 
to con- 


tinue 
in the same 
mode as before. 
Any other 
com- 


mand 
may be invoked 
by pressing 
the appropriate 


command 
string. 


[GO/RESET) 


Display 
Response 
- 
"Gr." 
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Function 
- 
Go from 
reset 
state. 


EP is hardware-reset 
and released 
to execute 
the 
user's 
program 
from 
location 
OOOH.No parameters 
are allowed. 
FO, F1, PSW, stack 
printer, 
memory 
bank flip-flop, 
etc., are cleared. 


Note that this command 
does not require 
the use of 
rnini-rnonitors 
to initiate 
program 
execution. 
As the 


last 
phase 
of the program 
development 
cycle, 
the 
2114 program 
RAMs 
and address 
decoder 
may be 
removed 
and 
replaced 
by a ROM or EPROM 
part 
(not shown 
in schematics). 
This 
command 
may be 
used to start execution 
when the program 
RAM has 
been removed. 
No interrogation 
of EP status 
or in- 
ternal 
RAM may be done, 
nor are break 
or single- 


step modes 
allowed 
in this case, though 
the 2102A 
breakpoint 
RAM outputs 
may still 
be used to trigger 
a logic 
analyzer. 


Execution 
modes 
allowed: 


[NO BRK) 


Display 
Response 
- 
"nb." 


Function 
- 
Without 
breakpoints. 


Full-speed 
execution 
without 
breakpoints 
enabled. 


Does 
not 
affect 
the 
state 
of 
the 
breakpoint 
memories. 


[SING STP) 


Display 
Response 
- 
"SSt." 


Function 
- 
Single 
Step. 


Step 
through 
program 
one 
instruction 
at a time. 


After 
each instruction 
is executed, 
execution 
halts 
with 
the current 
value 
of the 
Execution 
Processor 
Program 
Counter 
and 
Accumulator 
appearing 
on 
the display 
in the form "PC.234-56·'. 
System 
status 
is saved in the appropriate 
Hardware 
Registers. 
At 


the 
point, 
[NEXT!,) 
will 
cause 
the 
program 
to ex- 


ecute 
one more instruction, 
or any other 
command 
may be invoked 
by pressing 
the appropriate 
com- 


mand string. 
Does not affect 
the state of the Break- 


point 
Memories. 


[W/ BRK) 


Display 
Response 
- 
"br." 


Function 
- 
With 
breakpoints. 


Full-speed 
execution 
with 
breakpoints 
enabled. 


When a breakpoint 
is encountered, 
execution 
halts 


with 
the current 
value 
of the execution 
processor 


program 
counter 
and accumulator 
appearing 
on the 


display 
in the form 
"PC.234-56". 
System 
status 
is 


saved in the appropriate 
hardware 
registers. 
At this 


point, 
[NEXT.,) will 
cause 
the program 
to continue 


until 
the 
next 
breakpoint 
is reached, 
or any other 


command 
may 
be 
invoked 
by 
pressing 
the 
ap- 
propriate 
command 
string. 


[AUTO STP) 


Display 
Response 
- 
"AS!." 


Function 
- 
Automatically 
sequence 
through 
a series 
of instructions. 
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Step through program one instruction 
at a time. 


After each instruction is executed, execution halts 
with the current value of the execution processor 
program counter and accumulator appearing on the 
display in the form "PC.234·56". System status is 
saved in the appropriate hardware registers. Execu· 
tion resumes after a time determined by contents 
of hardware register OB.Does not affect the state of 
the breakpoint memories. 


[AUTO BRK] 


Display Response - 
"Abr." 


Function - 
Automatically sequence between break- 


points. 


Execute a series of 
instructions 
in 
real time 
between 
breakpoints. 
When 
breakpoint 
is 
en- 
countered, 
halt 
EP temporarily 
while 
program 
counter and accumulator contents are displayed, 
then continue. Display is sustained after execution 
resumes. Does not affect the state of the break- 
point memories. 
. 


Breakpoint Control Command Group 


Commands: 


[B) 


Display Response - 
"Stb." 


Function - 
Breakpoint set. 


Set breakpoint 
for the address given. Multiple 
breakpoints may be set by entering additional ad- 
dresses, separated by the [NEXT/,] key. Command 
terminated by pressing [END/.]. Action taken is to 
fill the appropriate breakpoint memory locations 
with logical ones. 


[C] 


Display Response - 
"CLb." 


Function - 
Clear txeakpoint. 


Clear breakpoint for the address given. Multiple 
breakpoints may be cleared by entering additional 
addresses, separated by the [NEXT/,) key. Com- 
mand terminated by pressing [END/.]. Action taken 
is to fill the appropriate breakpoint memory loca- 
tions with logical zeroes. 


Data types allowed: 


[PROG MEM) 


Display Response - 
"Pr." 


Function - 
Break on program memory fetch. 


Applies 
command 
to 
the 
program 
breakpoint 
memory space. 


[DATA MEM] 


Display Response - 
"dA." 


Function - 
Break on data memory access. 


Applies command to the external data breakpoint 
memory space. 
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System Control Command Group 


Command: 


[SYS RST] 


Display Response - 
"HSE-49." 


Function - 
System reset. 


Reset both the MP and EPand clear all breakpoints 
(requires approximately one second). CAUTION - 
If reset while EP is executing the user's program, 
the low order section of program memory (about 23 
bytes) will be altered. 


VI. SYSTEM LIMITATIONS 


In designing the HSE-49emulator, certain compromises 
were made in an attempt to maximize the usefulness of 
the emulator while keeping the circuitry simple and in- 
expensive. As a result, the following limitations exist 
and must be taken into account when using the system. 


1. As explained in Section IV, user program execution 


is terminated (by single-stepping, breakpoints, press- 
ing the [END/.) key, etc.) by forcing the execution 
processor to execute a "CALL" 
instruction 
to the 


mini-monitor. 
This 
uses 
one 
level 
of 
the 
EP 


subroutine stack. The EP PSW reflects the value of 
the stack pointer afler 
processing this CALL. As a 
result, the value indicated for stack depth by examin- 
ing the EP PSW(hardware register 01) is one greater 
than the depth when the break was initiated. The user 
program must not be using all eight levels of stack 
when a break is initiated or the bottom level will be 
destroyed. 


2. User program is initiated (by the [GO] command or 


when resuming execution after a breakpoint, single- 
stepping, 
etc.) by forcing 
the EP to execute an 
"RETR" instruction. This will clear the EP interrupt- 
in-progress flip-flop. If the user program allows both 
external and timer interrupts to be enabled at the 
same time, care must be taken to avoid causing a 
break while the EP is within an interrupt servicing 
routine. No limitation 
is placed on breakpoints or 


single-stepping in the background program because 
of this. 


3. When the user program execution is terminated (by a 
break, single-stepping, etc.) and later resumed, the 
EP timer/counter is restored to its value when the 
break occurred (unless modified by the user). The 
prescaler, however, will have Changed.Thus, up to 31 
machine cycles may be "lost" or "gained" if a break 
occurs while the timer is running. 


4. Timer interrupts occurring at the same time as an EP 
break may be ignored if the timer overflow occurs 
after breaking user program execution before the 
timer value is saved. 


5. The B049 "RET" and "RETR" instructions are each 
1-byte,2-cycle instructions. During the second cycle 
the byte following the return instruction is fetched 
and ignored. If a program breakpoint is set for a loca- 
tion following a "RET" or "RETR" instruction, a break 
will be initiated when the return is executed. 
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current-loop or RS-232Ccurrent buffers, but not both at 
one time. 
6. Breakpoints should not be placed in the last 3 bytes 
of an EP memory bank (locations 7FDH-7FFH and 
OFFDH-OFFFH).User program should not be single- 
stepped or auto-stepped through these locations. 


7. Since 1/0 configuration 
is determined by external 
hardware rather than software, 1/0 modes may not be 
altered while a program is executing. (SeeSection VII 
for further details.) 


8. The "ANL BUS,#nn" and "ORL BUS,#nn" instruc- 
tions may not be used in the user program, as exter- 
nal hardware cannot properly restore these func- 
tions. 


9. The memory bank select flag is not affected by the 
user program break sequence. Upon resuming execu- 
tion with the [GO] command this flag will remain in 
the same state as before the preceding break. The 
flag 
may 
be 
cleared 
only 
by 
executing 
the 
[GO/RESET]or [SYS RST]commands. 


VII_ HARDWARECONFIGURATIONS 


A number of control and status lines are available to the 
user. 
All 
are 
low-power 
Schottky 
TTL-compatible 
signals. 


TP1 - 
Unused MP input. 


TP2 - 
Unused MP output. 


TP3 - 
User program suspended. Low when EP run- 


ning user code. High when halted or running mini- 
monitors. 
' 


TP4 - 
Breakpoint encountered. Normally low. High- 
level pulse generated when breakpoint passed. Useful 
for triggering logic analyzers, oscilloscopes, etc. 


TP5 & TP6 - 
Memory matrix mode control. Select 
program vs. data RAM. link mapping configuration, 
etc. (See Appendix B for details.) 


TP7 - 
Bus control. Low when MP controls common 
memory buses. High when EP controls 
memory 
buses. 


The HSE-49emulator hardware is designed to allow the 
user to reconfigure the system for a wide variety of dif- 
ferent applications 
by installing 
or removing jumper 
wires or additional components. The schematics in Ap- 
pendix A show the components needed for a variety of 
different 
configurations. 
In general, not all 
of the 
devices are required (or allowed) for anyone configura- 
tion. The devices which are required are included in the 
following description. 


The types of options allowed are divided below into 
several general classes and subdivided into mutually- 
independent features. Within some of these features 
there are numbered, mutually exclusive configurations; 
i.e., the serial interface (if desired) may use either 


Standard Operating Configuration 


(Minimum system configurations - 
up to 4K program 
RAM; no data RAM; no serial interfaces; no execution 
processor I/O reconstruction.) 


A. Basic 2K monitor from Appendix B: 


Install resistors R4-R6 
Install transistor Q1 
Install crystals Y1-Y2 
Install capacitors C5-C38 
Install switches S1-S33 
Install displays DS1-DS8 
Install IC1-IC2 
Install RP3-RP5 
Install IC6-IC7 
Install RP8 
Install IC9 
Install IC15-IC20 
Install IC25-IC30 
Install IC34 
Install IC36-IC38 
Install A1-A2 
Install B1-B2 
Install C1-C3 
Install jumpers 13-15 
Install jumpers 17-18 
Install jumper 20 


B. Expansion 2K monitor: 


Install IC14 


. Removejumper 17 


Serial Interface Buffer Selection 


A. Current loop serial interfaces (4N46s) installed for 
use 
with 
full 
Intellec" Model 
800 development 
system ITY port. 


Insta1l1C21-IC22 
Install resistor R1-R3 
Install jumpers 4-9 
(Remove RS-232jumpers) 


B. RS-232Cserial interfaces (MC1488 and MC1489) in- 
stalled for use with CRT as output device for data 
dumps: 


Install IC23-IC24 
Install jumpers 1-3 
Install jumpers 10-11 
(Remove current-loop jumpers) 


External Data RAM Address Decoding Scheme for Ex- 
ecution Processor 


A. Up to 16 pages of on-board external data RAM in- 


stalled for execution processor (addresses 0 through 
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Reconstructing 
1/0 for Execution 
Processor 
OFFFH = 4K bytes); port 2 used for addressing pages 
o through 15: 


Install jumpers 21-25 
Install jumper 27 
Install A5-A8 
Install B5-B8 
Install C5-C8 


B. One page of on-board external data RAM 
installed 
for execution processor (addresses0 through OFFH); 
port 2 not used for data addressing: 


Install jumper 26 
Install jumper 28 
Install A5 
Install B5 
Install C5 
Connect the outputs of IC20,pins 7, 9, 10, & 11to 
the inputs of a 74lS21 AND gate (not shown). Con- 
nect the output to CE and CS inputs of A5-C5. 
(Note: these signals are all present at jumpers 
21-24 on the schernatics.) 


A. Application of port 2, pins P23-P20: 


(1) Using P23-P20 for latched output data (used with 


"OUTl 
P2,A", 
"ANl 
P2,#data", 
and 
"ORl 


P2,#data" instructions): 


Install IC31 


(2) Using P23-P20for interfacing to an8243in user's 
prototype: 


Connect 03-00 
pins on IC31 socket to cor- 
responding 03-00 
pins. 


B. Application of execution processor BUS: 


(1) Use of 
BUS as latched output 
port ("OUTl 
BUS,A"): 


Install IC32 
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AS/14lJ IiSE49 
Lrt' 
PRINT(. tr ) 


ISI: 
-11 19:~-48/\JPHt 
I1fICro AS~ER. 
VJ 9 


if;E-49'TI1) 
EIII..lRTIJ.' IDHTOF 
VER$I~ 
2.5 
r,llE 
1 


LOC 
OBJ 
UU( 
~ul.JRC[ ~TAT!]1ENI 


:: 
' 


1 fMflCROF I LE OOGEN NOCOIC> XREf 


2 zTlTLEn:st-49fTl1) 
EI1llIlTIJR 
/OjITOR 
\l[RS:ON 
2.!l') 


4 .;*a**~~·t.**~***,~*~*t****~*.*** 
.•,..",*~.*«************_.*••••*************_ 
5, 
C , 
1 
B. 


9 .' 
le . 
11' 
12 , 
13; 


f1\'OO!\'flM 
11Sf.-4~(TI1) 
lltJl.nT~ 
IOIIf~ 


','(R$ 
2. ~/i~9 


COI",'RIGHT 
(C) 19;·9 


: NT[L rORf'.)I<tlTl ON 
~~G5 GOWERS 
IWIJUE 


~llNTr 
CUll1f1. C(ll.IF~Nlf: 
~1 


14 .'~**********t*.tt*~~.*j,**~***~********.**"**_********_** 
•••*-**-**- 
15 , 
16; 
!!CS1iY,)(:l 
17 , 
VJ ; 


1~; 
:fI! S Pk'ltJ1f'.I1 
CONTffHC 
Tit: 
5I:.fTWARE ICClSSAI<\' 
10 RIll 
Tit: 
HS£--49<T11) 
2f1; 
HIGU--SF'([[, 
CMlJlHTOf: F()I:; INTlL' 
S fo£$-43<T1'D 
f·fll1lL v FI1IIILY (f 11ICROWI'UllRS. 
~'1 ,:HE 
EMl'lf'TOII 
1'1l0VI()[S 
RN (lS!.OI(fI1ENT 
or 
UTILlT'.' 
FlKlIONS 
FOI< 


2< . tH'EL1)rll¥.l 
r;NC VlBliUGlNG 
8t!49- ~'£D 
l-:PrLICRIIONS, 
INCLWI ••• nE 
'lE!un' 
TO onc!; 
il!(' 
"IOD1FI' P!\OGRflI'lS IN ~OGI(f~1 
F<r.'I, 


,'4 
; r~_TE~ ~IIW1. 
SPJG;_t-SicP 
:'ECTICIf.; er 
A PROGRAM, fN) 
ExeCUl£: 
~ 


25' 
I)T :;PE[f·S 
':If t~· TO 11 t'lH:. 
WIn: 
Ot( WlTHOU~ tJREflI(f'OlNTS 
lImED. 
~'(.; 
lllE 
[lllJLmor: 
l:~ D[SCRW£[' 
(N GI'Enm: 
OCF'TH IN INTEL'S 
ilPrLlUlTlOO 
1«l1E 
<.7 . 
flP--~,'5 'f: HIGH- Sf'EE[I ["'.l..8T~ 
rtll<' (NIEL 
Il:S-48<TI'I) 
11ICk'OCMIJ) 
(RS .• 


~'l3 . 
~; 
PI<OORF!flcrIJHNIZlm~ 
38; 
.====== 
============ 


::1 . 
.,.., 
-~ . 


24 .• 


}~ ; 
36 
. 
?? ; 


'?8 ; 


4f:l 


41 
42 
; 


43 ' 
44 
45 t::JECT 


TIIJ~. 
Ll~:TTIIC 
15 1~'RIHZEt' ~ 
~OLLOWS: 


: NTRooun 
ION ilN(; 1if~[)Wfl~:( O'o'ERV IEIoI; 


'·!fl'IA8L( 
llECLflRf:llON 
IN) DErINITIOO; 
f'OIJEf-!}N 
<;','$T[1'1 INlTlnL 
IZATI~i 


1;!,';'!JOflf,'[I COMMANDPAP:;ER 1100 ASSOClfiTED 
TfllLE!>; 


IMf'LE~lpmm(lN5 
or 
Th'E ~111flR't' 
COltlAN[)S, 
cmI'! ilCClSSIUG 
'_If 11IT't' 
~·1I[)f·:1J1J1INE.::; USED rIIROUGIIOOT; 
KEI,,'IJRk1) ::(.,lNNWG r'iI) 
[.rI5i~_P.'!' DF:I'Il"" 
SI..Q'OUllt£; 
IHBI}(lJ!:· fiND ~'I9'U;'.' 
iNTERFACING UTILITIES; 
:-8l1WJES 
:1/1[1 UTlLIW 
::J.JE:P(IIJTlIlES "'HlClI 
INT[Rf(;T 
Bl:T~(N 
It' 
rH> LP. 


All mnemonics 
copyrighted 
© Intel Corporation 
1976. 
1-86 


infel· 
AP·55A 


Ut 
00-1 
liNE 


4(,; 
47. 
:tm:OOI.ICTION AI{) iflRDIfn 
OI!E.R't'IBI 


48.. 
============ == 
======== ======= 
49 .' 
'5!1; 
11£ [i'U.Alll1 
riS1GN 
I.('[S TI¥.I "lcm'!:.'OCESs:JR$. 
l1£ PROCES5(R camas 
'51; 
S.,.,TC" ;TflT1.Y-:...I~TERF'RET~ I1IJjIT~ 
COI1Ifft)S, 
AI{) COItUIICATi:S 
~ 
; WITH TIt: ('~JTSI()[ 
IaLD 
ntriOlJGH!I£ 
ON-Im.1> 
KEVEnIRO, 
DI~'lfl'1', 
~Ifl. 


5]; 
INm~rAC[S 
.. CONTROl :·IIJtnS. 
[TC. 


54; 
'i TCIH' 
Pl'!oc[;SOF: 
IS ~IS[~ TO flCTl.fU'I 


~'5 ; E:x[CUTE TilE 'JSlP'S 
PIlOORf'1 UlI>ER Tht: wm:!X. 
If 
nE 
fIleT. 


')6 
; n('j[ 
Pl<fb':ESS&5 
~ 
R[rtRR£D 
TO 
~;'; 
HIROIJGlIOUTTHIS rRf):;'~ 
f1S M 
IflSTEI<' PRfJl:SSIJ: 
Of') AND EXEW1!C1! 
58 ; F'l"oct:ssor 
([P) 
PEf"ECTlYELY. 


~!J; THE I'POGRIlI! IN THIS L1STlP«i 
IS [XlCU1ED !,'\' Ht 
"'ISm 
f'ROCbSCR 
61 . AT Till 
[1[1 Cf TillS 
LlSTlP«i 
fl.'( 
~-ly[Rlll 
~IOIH 
'111NHOlIlll1 
OYEWI'l'S' 
sc 
• "'IfICH nr 
[~'WJTlON PROC'(SSOR EX[I)JT[S 
IoJ[N INTEROC11l»l b'ETIf.EN 111; 


(,J; 
lWO PROClS50RS 
:5 
tl[('[SSftllY 


64 ; 
6~.. 
HHS 
PI<'OGRAl1WRS !41ITT[N llSlP«i A rufF. IJ 
I'f(t~ 
TO HflN)l[ 
ilL 
AlLOCATl(r. 


6C ; 
'~ 
Jf"J 
RE':fJJP.CES <")RKING REGISTERS, 
lrlTERtfll 
RA!'I, fH) 
I'IP 'OHTIl1 
kU1 
67 ; rap coo[ fl{) 
CIlTA SHJlflrD 
MS[ 
11flO..'ODEI INlnON~ 
ARE IIUWlD 
IN A nu 
6fJ; 
~(l 
'f1lLCC. M. ..' AN> 11REPRINTED IN Tins 
LISTiNG 
f"1l1 R[F[REta. 
69 ; RNOTI[R SET OF MACflOSIS ll'l:D 
TO SIIf'I.I?l 
THE rlCCES~ING OF YARIfU..ES 


le . STtnD 
IN INTERtR 
filii'! (P.s I{WAD 
TU 1oIm(1P«i RE(;l:'TEk~) 
!,'V USIP«i k1 TO 


71 ; 
INDIt::rCTL'{ flODF.'[$S TIE ~lfffE 
~'fll'l LIYJlTIIllIfEN 
NEClSSARV. 
72 , 
lRSE 
~1"O5 
ARE INCUJD(]) IN 'IO'COO. me", 
fH) 
~ 
11.50 PRINTW 
1EkE.. 
n ; COMPLETELtJOCrSTflIlDltlG or- TIlES[ 1'IACfIO~IS r~T 
REQUIRED TO ~TfIN) 
TIE 
74 
r 
I'IOtHTOF f'FCf'ER· 
ru 
LINES WlnClf f1CTlIALL~'PRODUCE OBJECT UlOE nr'f'Efl: 
IN 
7S; 
TH[ LISTING 
ITSELf, 
INDENTED TWOSf'f:C[S rf«)'l 
HIE rul't1. 
TfIllllAlIlll 
C(X.lIfjS. 


76 ; 
1~ 
~Hn. 
IUH;·QF 
~RI1 
For. TIlE 8U.fll(JR 
OCGINS nr 
~1Pf'ROXlIfl1EL\' 


(7 
; 9)JRCE 
LINE /U'lU 
500. 


?'d ; 
~9 ; LHIES GHlErnTEr, 
13','I1flCR(l DroNS 
I ON f1R[ f LAGGC~ C\' A I'lUS 
5 I GN (. t" ) 


~'\l ; 
IMDIATCL'/ 
FOlLOWING THE ~.(IlW1: L1~ 
'lJl1llR 
81 ; A 'UKR (f LINES FROII Hr 
Yfl:IOOS I'IfaO 
DEFINITI!»IS 
WlIlCH 00 OO[ 
82 ; Pf'C(IIXE flp,.• OC][CT CODE ARE fl'()(:E~!>ED B\' mE 
ASSEI'l1LER 


in 
. i(. TI£SE 
":fROS 
mE 
EXPAIf)lD 
WlEN THIS IS Tf( 
(;A5[, 
11E!1. LINES ARE 
(l4 ; 
9JPF'rESSED 
FROI1 HIE LIST rILE. 
'is.~ 
RESlll, 
WE LINE PUllERS 
AIo.'E 
35 ; NOl Allfl',~, 
CONSECUTIVE WHEPEn MRCPO IS BEING HM~ID. 


Or ; OOIT. 
ES; 
~l; 
'$Q~X'L1NE' 
REFERS TO ru 
OECUf1L IUf.:t.l:S 
LEfT (f l:.IUi 
INSTR\X;T!(r.. 


99; 
RT THE END or TIll. LISTING 
IS RN nss::.Pl!LI' 
CkOSS"REFERENC( TIlILE. IN)ICHI 1P«i 


91 ; H£ 
S[QI.{mIflL 
~J)lJI(CE'UNE 
tU'lBEl< (f 
ALL INSfflf'l:S 
WIM<l 1ft,. YfiI(lf1llE 
92; 
I~ llEFH£D 
f:r; RErlJ.'EOCED. 
)HIS 
WILL El or GJ."UT flSSlSWoIU 
IN 


93 ; LOCAl I PIG SPECIFIt 
SIAlROOTINE5, ElC 
IN nE 
L1STlP«i. 


~)4 ; 
95; 
PtlEI'IONIC5 CQf",'RIGHT ':C) 1976 INTCL CffiPORflTllll 
%i 
97 $EJECT 
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LOC OOJ 
soo::cr 
~TAT[I'IENT 
LINE 


98 
~ 
11UI.1{'J[( ·"0.fUOC.IIlC) 
~ 
99 ?Ill 
SET 
0 
= 100 : 
909I:l 
= 191 'IROO 
EQU 
tI 
0001 
= 10. "'R01 
EQtJ 
1 
QlI92 
= t~] ?RflP1 
EOfJ 
2 
0083 
= 104 ''CON'jT 
[QIJ 
3 
9984 
= 1»5 ?fl 
[00 
4 
; ACClJlLlll(l( 
YflRIRELl TVPE 


= 1'36 ; 
= 197 , Tlf rOl.L()/It¥.l 
INIlIRLIZES 
THE LINI<EI>LIST POIN1ERS rCf< 
= 100 ; HiE REUlSTER 
AlLOCIlTlON AI{) VEf1L.LOCf;TIU'l ROOTlI£S. 
= 199 : 
0083 
= 119?00R2 
'TI 
3 
0084 
= W?£eRJ 
SET 
4 
eoos 
= 112 ''Il9R4 . SEI 
5 
0006 
= 113"?00R5 
StT 
(, 


0097 
= 114 ~f;0R6 
SH 
7 


lJOO!j 
= 115 ?B9F7 
SET 
c 


= 116 ' 
0082 
= 117?£ePNT 
SET 
2 
= UP, ; 


OOIB 
= 119 ?B1R2 
!;I;T 
J 
0084 
= 129 ?ll1RJ 
SET 
4 
eoos 
= 121 ?B1F4 
SET 
5 


8IJ96 
= 122 ?lJ1R5 
SET 
(; 
0097 
= 12] 
"!l1R6 
SET 
7 


!l9OO 
= 124 ?\l1kl 
SET 
8 
= 
k"5 
; 
91!02 
= 126 ?B1f'NT 
SET 
2 - 


= 127 ; 


סס oo 
= 129 t:m'OO 
SET 
9geH 
9199 
= 129 om>Gl 
SE1 
11l9H 
f,0.l0 
= B9 
ORGf'G2 SET 
2tteI1 
9399 
= Hi 
ORGPG3 !;l T 
JgeH 
84ee 
= 112 00lf'G4 
SH 
499H 
esee 
= rn 
W1'G5 
SE1 
5eII1 


96118 
e 134 ~GPG6 
SET 
689H 
9?01l 
= B5 
Il1GPG7 SET 
?9911 
= ne, 


= m $£J~CT 
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SOOP.CESTATElt.Nl 
LOC 
(lE:' 
L!N[ 


= 133 ,**,~*;,~,***.******************"*'I-*****~:****:I**,,,**t._****_ 
= 139 
: 


= 140 ; 
START (f fl.LOCIH I~ 
IfICROS 


= 141 ; 


= 142 .'",*.,t,****t-*********.-,**************t«·****-***-*- 
= 143 ; 
= 144 '!RSAV( 


= 145 IF 
= 146 
= 147 
= 14C UIllF 
= 149 s 
SI1Y[ GEN 
= 150 
S\'II'a 
SET 
~&f'NTYfl. 


= 151 ~ 
RESTORE 
= 152 ~mlf(&ptlT 
= IS] 
[tI)f1 


= 1'34 ; 


= 15(; '!1'I1t«>X SET 
= 157 ; 
= 158 ?I1SAY[ 
= 159 $ 
=168 
= 161 ~ 
= 162 ?I11t«>X 
= 163 Of)t! 
= HA., 
= lG,)!'ROCK 
IflCRO 
= IG6 ?~""t.n. 
= 167 
?If'.>fl\IE 
= 16C EtI)f1 
= 169 ; 
= 170 OCCLflRE tI1CRO 
SYltlQ.., 
TYf'l 
= 171 ?&SYI'IlIl. 
SET 
?&WPE 
= 172 rr 
?&T'r'I'E EQ 2 
= m 
"l'!SflII[ 
S'r':'IlOL 1, ??I1IIC>X 
= 1/4 
EXITI1 
= 17S OOIF 
= 17(; IF 
=177 
= 171) 
= 179 ENt>IF 
= 100 IF 
= lr.l 
= 11)2 
= 183 OO(f' 
= 184 
= 1S5 , 
= 186 $ 


= 155 ; 


tR:RO 
~,\'?IlCl, BfH(, PNT'A. 


f'NT't'IlL hl 
8 
['Rr.ffi 2 


EXITI'I 


Sll 


If1Cm 
SYItlQ.., LOOTlt 
fI)()R 


S/1YE GEN 
S'r'IIlQ 
EQIJ 
fl?DR 
F:(ST!J1E 


SET 
?I1It«>XlLE~TH 


S\'If)(L 
Loom 
EIIIJ 
3 
S\'ItJ(L LOOTH, ??I1It«>X 


'1&!\'P( EQ 9 
?f<:SAY[ SYltlQ..,9, ?"Eef'Nl 


EXITI1 


?&T"'I'[ EQ 1 
?R<""/w[ 
S\'IIn, 
L irnllPNT 


EX I TI1 


EJECI 
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SOEE 
STATE/£NT 
LOC 
(IS.! 


e iCe; 
P[~G 
HAem TO RESET Tf£ 
INS1Rt.x::mfl 
LOCATION COl.lm~ 


= 1G:: ; 
TO TIE 
m'ST 
rREl 
LOCAT!~ 
~ 
TIlE FIRST 
PffiE 
1IOOLl[ WIll 
= 198 
; 
FIT 
WllHIN. 


= 191 
~[IJ..'G 
mc-rl) 
LOCt1TJON 
= 192 
f.SIM: 
GDI 


= 191 
OR(; 
= 194 
m:STfJrE 


= 1S'5 
[~ 
= 196 
, 


= 197 ; COOCEtK 
I'KRO 
TO rH() 
n IWL OF RCW1 
= 19:3 ; 
line" 
TIns llLor.%OF Cf..ocWILL FIl 
WITHIN 
= 19'j COOEIllK WlCRO 
LErlGTIl 
= 200 ~tn~THSEI 
Llt¥.lTfI 
= 201 
IF 
IIIGW0CCf'G0+LEt¥.lTIHi 
[Q a 
= ~~2 
~()R{j 
f.@JPGe 
= 203 
'~Flf'T 
~.c1 
$ 
= 294 
E>:ITM 
= ~'i.t~E>{'I~ 


: 
20'; 
Ir 


= 207 


= 20C ?SlAPT 
= 209 
EXlTM 
= m 
(NDIf 
: 
211 
IF 
= ~12 
= 213 
?sT~T 
= 214 
(XI1l'I 
= 215 mr,IF 
= ~1f;' IF 


= 21(; "'STArT 
= 219 
EXI1l'I 
= 2t:0 [I-[JIF 


: 
221 
IF 
= 222 
= 223 
?START 
= 224 
D:rTM 
= 225 [NDlr 


= 22C 
IF 
: 
221 
= 223 
?sTAf'T 
= 229 
[\(/TH 


= 2:'0 EI()IF 
= 2:'1 
IF 


= ~32 
= 233 
"STARl 
= 234 
EXITM 


= ~j~ 
ElIDII 


= 2,6 
IF 
fHGH(ORGPG3+L[NGTH-1) 
[Q 3 
= 237 
RI:~ 
r.Lro'G3 
= 23£ 'STAin 
Sl T 
e 
= 239 
EXITM 
= ::40 Etf>IF 


LINE 


= 197 ; 


= 217 


:: 241 


LfJtnTHJI 


1:lf..WJRG'G1lllt¥.lTII-D 
lQ 
1 


f:EORG 
r.ORGf'G1 
~T 
$ 


fIl GIl( !J<t;PG2+W«lTH'1) 
[Q 2 


REOIIG 
f.(W'G2 
~:n 
t 


HHiIWYuI'(l4+LENGTH-1) 
[Q 4 
k,[~ 
f.Orn'G4 


SET 
$ 


. IIIG1l(rJ!GPC5+LU«llll-1) 
EQ 5 
REORG 
f.ORf.if'G5 


5LT 
~ 


IHGlHORGP"<l6+LENGTH-1) EQ C 


RErJ!G 
~GF'G6 
~.£:T 
$ 


IHGH(ORGPG7+LENGTH-1) 
EQ 7 


~'EORG 
;:rJ!GPG7 


SET 
t 


EF..'ROR 
e 
;u. Iw.,tfFICIENl 
SI'OCE FOR COO[ (J/ rfN ~ffi[*,.,. 
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lOC 
OBJ 
1I1l 
SOO\'CESTATEI£NT 


= 242 
IN)I! 
= 243 ; IWTfRK 
INSERTS(ljTO POOE3 
= 244 DATFRKIR:ro 
loom 
= 245 ?looTH 
SET 
lEt«ll H 


'= 246 IF 
HIGlj(~3~lEt«lTH-1) 
EQ 3 
= 247 
J.t~ 
i'.oRIFGl 
= 248 ?START SET 
f 
= 249 EXITIt 
= 259 [1{IIF 
= 251 
ERmI 
11 
= l.)2 
EN)tt 
= ~3 
; ?SIZE 
PRINTS A lilt: 
TO HIE SIUCE fILE 
(;IYIt«l flLOCKSIZE. 


= 254; 
IN) 
lI'DATES ffPR(PRIATE 
~ 
= 255 ?SIZE 
I'KRO 
BlK, rGE 
= 256 ~.J1YE GEN 
= 25i' 
SIZE 
SET 
BlK 
= 25B ; 


= 25~;*~,,~**t,**t·~********_*****_~'** 
•••**,",**.__ 
= 260 IF ?LEt«lTIrl T SIZE 
= 261 
E"'ROR 11 
= 262 OOIf 
= 20 If 
= 264 
= 265 EN>I1: 
= 266 $RESTOR[ 
= 26i' 0RGf'G&I1l[ 
= 268 
EIllII 


= 269 ; SIZEC1t: 
= 278 SIZEClI( PflCRO 
= 271 
''SI2£: 
r,($"?START>,()1IG1l(?!;'II'IRT> 


= 272 
~ 
= 27J i 
= 274: 
= 275 i"~CE 
= 276 ~ 
IKRO 
= 277 $SA'Jt 
LIST 
GEN 
= 270 
PGSlZE SET 
= 279 
P!J'SIZE SET 
= 2S8 
PGSIZE !,.ET 
= 2S1 
PGSIZE SEl 
= 282 
f'GSIZE SET 
= 283 
PGSI~ 
SET 
= 284 
PGSIZE SET 
= 285 
I'GSIZ[ 
SEI 
= 286 $EJECT 
=2tl7iRESTORE 
= 283 
END/! 


= 289 $l:JECT 


;*" INSlfFICIENT SPOC£FCJ: DflTABLOCK(Ij PfQ; 
:s - • 


IHGI($-i) 
1£ IHOIl(?STflRT> 
ERROF.' 9 
i *** COOECf. DATABlOCKROlLE()OYI:Rf'OOEBO..It)fJI\' - 


SET 
$ 


ClECKSSIZE OF mCED11«i EI.(J(;I(,PRINTS !>Iz[ 10 ,lS', 
FIll. 


COOESPACE f1.lOCATI~ Sl.I'IWl' SmIDl.NT 


~9Il8Il 
ORGPGl-1" 
c.\'OI'02-~ 
ORGPG3-~ 
ORGPG4'4" 
OOJPGS-58IJI 
~'-6OOH 


~(.~ 


i £JV1ESlJ'''[() (Ij PAGE 8 
; L'YTESlJ'...ED(Ij POOE1 


i IJ't'TES tJ<-l() 
CIl PIU: 2 


; BVltS tJ<-l() (Ij f1lGE3 
; ENTEStJ<,.,Ei) (Ij POOE4 


i lfI'TES lI'D IJj f'flGI:.5 


i BYTI:.S USED (Ij IflG. 6 


i evns 
USED (Ij PIa: 
7 
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LOC 
OOJ 


= 318 ;?f1R12 
rKRO 
FIJI t£1£RflI..1ZIr«i 
IUr'ES 
~RIl'I TIE 
ACe 10 A YRl:IfR[ 


= 319?FOOQ 
IfO<O 
DES·' 
= 328 IF 
?&DEST EQ 2 
= 321 $ 
SA'..t GEN 
= 322 
110\1 
= 323 
tm 
= 324 $ 
~:[STfM 
= 32'5 
[X I TII 
= 326 [~IF 
= 32"1 IF 
= 328 $ 
= 329 
= 338 $ 
= 331 
= 332 [NOIF 
=333 
= 334 [ND" 
= 33.'5; 


= 336 
;?FlldO 
IIUO 
= 337 ; 
= 338 ; 
= 339 ?F(.013 


= 348 
IF 
= 341 $ 
= 342 
= 343 $ 
= 344 


LII£ 


2ge ; 
291 $ 
= 292 ; 
= 293 ;?F!J1Pt1 I'IOCRO 
= 294 .: 
= 2'.15 ?F0RI'I1 
= 2% IF 
= 297 $ 
= 298 
=29S 
= 300 $ 
= 301 
= 31!2 
Etl>IF 
= 30:; IF 
= J84 t 
= 39S 
= 396 $ 
=:<97 
= 300 [NOIF 
= 309 
IF 
= 310 $ 
= 311 
= 312 $ 


= 313 
= 314 OOIF 
= }15 
= 316 EN)II 
= 317 ; 


IIUUDE 
( :F0:I'KFCOO. Ift:) 


F~ 
GEI£RfUZIr«i 
(J'COO[ 
INSTRl.tfI~ 


IKRO 
Of'COO[' 
SI\'C 


?&5RC [Q 2 
SP.YE GEN 


110'~ 
(J'C()()E 


R[STfJ!E 


lXITII 


?&SRC [Q 9 ~ 
?&5RC 
[Q 1 
SA".'Et£N 


Cf'COOE 


kEST~ 


8<ITII 


?&5RC IOQ:s 
SflII[ 
(£N 


OI'COOE 
REST~ 
EXIlII 


Ft lSRe 


ERROR 
1 


Ri, I!)[ST 
~,A 


?&DEST lQ 0 ~ 
?&DEST [Q 1 
SflII[ 
(£N 
It)V 
~,[51(f;'r 


EXIT" 


1 


FOR GEI£RflI..IZIr«i 
Im(S 
FIo.'OIInE 
OCC TO A I/flRIflJLl: 
liEN IT 
IS KIOfl 
THRT ~1 <If- N(8)[I) fOR I~lRECT 
fl)()R[SSll(;) 
IS ALRlfll)~' P1\ESE.T. 


Itf1CRO 
OCST 
'1&l)['.;T 
EQ 2 


SAl![ GlN 


IIOY 
kL'1(J<'[ 
EX1111 
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LOC OOJ 
UNE 
SOlm 
STATElENT 


= 345 
OOIF 
= 346 
IF 


= 347 $ 
= s4B 
= 349 $ 
=~ 
= $51 
EI{lIr 
= 352 
Ek'R1J: 
1 
= J53 
EIIl/! 
= 354 ; 
= 3SS ;?f1J:l'l4 
If(;R() 
F~ 
OClfJaIZIItl 
'tU.' 
ft,~' 
INSTRltTH.fI 


= 35C "F~ 
IIlCRO 
SI<.'C 
= ::SSi'IF 
?&SRC EQ 2 
= ~"58 
$ 
SAVE 
GEN 
e 1.59 
IfiV 
R1, Y-~<C 
= 36e 
~~ 
A, lIR1 


= ~G1 $ 
IIESllJ:[ 
= 362 
EX11M 
= 363 [NDIF 
= 3~4 
IF 
?&SRC f:Q 9 OR ?&SRC EQ 1 


= >f.) $ 
'lIVE 
GEN 
= 366 
MO',' 
A,~'(; 


= 3(;7 
$ 
f<'ESTffiE 
= $61) 
[XI Tl1 
= 3G9 [t..l)Ir 


= 370 rr 
?&SI<C[Q 3 


= 371 
$ 
SAVE GlN 
= :m 
I'IO't' 
A, I<".,R(; 


= m ~ 
RESTffiE 


= 174 
[XIT" 
= J?5 OOIf 


= 3?C 
l~ 
1 
= 377 [NOM 


= 378 ; 
= 379 
; "F0015 
PKRO 
F~ 
GENEm.IZIt¥.I 
I'IO't'It¥.I A l~Ti~T 
INrD 
A YARIFaE 


= ~?F0RI1S 
I'flCI<O 
D£:5T, CONST 
= 381 IF 
?&D[ST EG 0 IJ: ?&DEST 
EQ 1 IJ: ?&Dl~l 
[Q 4 


= :>l)2 $ 
5A'.'l GEM 


= 333 
I'IO't' 
OCST, ICONST 
= 3134 ~ 
f\'ESTOOl 
= 335 
[XITM 


= 33G 
ENDIF 


= §J7 IF 


= 3C8 t 


= 389 
= 390 


= 391 $ 


= 392 
= 393 
[NDIF 


= 394 
= 3')5 
[t()I1 


= 3% ; 


= 397 .;It10V 
= 398 /'KW 
= 399 
IF 


?&OCST EQ 0 OR ?&DEST 
lQ 
1 
So'M GEN 
t'ffl 
DES"!, fI 
~'E~TIJ:[ 


EXIHI 


?&OCST [Q 2 


SIWE 
GEN 


MOV 
R1, IDEST 


IIOY 
tlk1, ICONST 


f\'ESTIJ:E 
[XITI'I 


IIOCRO 
GENIJ-'fIL I ZED IllVE FR01 $RC TO DEST 


IKRO 
DEST. SRC 


?&SRC EQ 3 
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LOC (tJ 
LIf£ 
so.m STRfEI'IENT 


= 400 
: 
401 
= 402 
E.!i>IF 
: 4(13 IF 


= 4e4 
= 485 
= 48(; OOIF 


: 
407 
IF 
= 4IJ1) 
: 
4l1') 


= 419 
E'l>lr 
= 411 
= 412 
= 413 E~ 
= 414 ,''Ill'" 
I'JlCI\O 
GE~IZE.S 
~I1IKTIC 
fH) LOOICfl. IJ'EkflTIlIt; 
= 41~ '.'8 INI)' 
IflCRO 
(J'COOL OCST,SRC 


= 416 
IF~&DE:;T 
~" 4 
= 411 
?f"OI::M1 OI'COOf.,SRC 
= 4W 
[XITM 
= 419 (!i>!F 
= 420 
H 


= 421 
= .•22 
: 423 


= 4;t4 ~'iiIF 
=425 
= 426 
= 427 
= 42S EI'VI 
= 429 
; MAOO 
= 439 MAO!) 


= 431 
= 432 
= 433 .: 


?FOR!'tS 
()[Sl, se 


[Xl TI'I 


"&DE5T EQ 4 
'Jf-00I'I1 
IfJI, SRC 
EXIT" 


?olSRC EO 4 
?fC012 
OCST 
EXITM 


?f 1J1I11 
1'rIt',SRC 
"FORPI2 
eesr 


".!:5I\C [0 4 
')FORIU 
IJ'COOL DEST 
~'H)kl13 
()[ST 


eXIT" 


"FORM 
1'rIt',SI<C 


~'F0RI'I1 
(J'COOE, DEST 
';'fQDI:; 
DEST 


I (J.: c.tI£RALIZI ••• flOO INS1ROCl ION 
OC5T, SRC 
llOO,DE5T, SRC 


= 434 .:MAr,DC 1Ifr.;RO 
F~ 
GEl£RftLIZI ••• reoc INSTROCnON 
= 43'5 P1IlOOC ,HRO 
OCST.Sl<C 
= 436 
?£l1N:f 
IWC, Dl:ST, SRC 
= 437 
00tI 
= 431) ; 
= 439 ,MriNL 
ItlCRO 
F~ 
GEI£RRLIZI ••• fK. INST"U:;lION 
= 440 
I'IANL 
/'!ACRO 
()EST, SRC 


= 441 
?8INOr 
IflL DEST, SRC 
= 442 
EII>I1 
= 443 
; 


= 444 
: MORL 
MtlCRO 
rOR fiENEf\'RlllING 
OR!. INST~'lJCTION 
= 445 ~L 
~RO 
[lEST, ~c 
= 446 
"8INOf' 
ORI..OCST, SRC 
= 447 
Et.t>f'I 


= 448 
, 


= 449 ; 1'IX~'l 
I'IHCm 
F~ 
GENERfllZING 
XRL INST!:OCTION 
= 450 /'IXRL 
I'IflCRO 
DEST, SRC 
= 451 
?!llt¥.lf' 
XliL, DEST,SRC 
= 452 
[NI)M 


" 453 ; 
= 4S4.I1XCH 
I'IflCRO 
f ~ 
GEIDflIZING 
X(;H INSTROCIION 
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= 46~ 
[NO'" 
= 470 ; 
= 471 
If.{C 
I1ACRO 
()[Sl 


=472 
?LmRV 
DEC, DEST 
=473 
ENOI'I 
= 474 ; 
= 475 roJNZ 
I'IflCRO 
DEST, flOOR 
= 47(. 
,,1..Itm' 
DEC, OCST 
= 477 SC.../lVE 
GEN 
=47$ 
JNZ 
flI)()R 


= 479 WESTORE 
=480 
END'" 
= 481 ; 


= 482 In 
Ifl:RO 
DEST 
= 4r.3 
?\NlRY 
RL, OCST 
= 4S4 
ENOI'I 
= 485 
.i 
= 4:::6 I'tR!1 
!'!ACRO 
[)EST 
= 43l 
,,~' 
RR, [)EST 
=4C!l 
ENDI'I 
= 499 ; 
= 49IiJrm 
MflCk'O 
[)EST 
= 491 
'i\MlRY 
!(RC, DES I 


= 492 
ENDI'f 
= 493 ; 
= 494 !'ne 
I'IflCRO 
DtST 
=495 
~ 
RLC, Dl:ST 


= 496 
ENOI'I 
= 491' ; 
= 498 $[J[CT 
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LOC oar 
LH£ 
som 
STATElENI 


499 
,; 


508 ; =====================------ 
-==== 
~ 
;=========================--== 
5(12; 
BEGI~H(l 
11, rROORffI F1\'(fff< 
583 ; ================---------- 
584 ; ==- 
-- -- ---- 
5€IS ; 
~, 


587 
; ****~,*********"4<_************.*****_"'* 
_ 
588 ; 


589 
; 


518 
; 


511 ,*************"'**-**-"***---*- 
512 
; 


51:l ; 


~14 
; 


515 
; 


516 
; 


517 
rt>IGIT 
EOO 
518 
rsEGHI 
EQU 
'519 f'5EGLO 
WU 
S28 PINl'Ul 
EIllI 
~1 ; 


~ 
i*****-****.**.**************..,*****-..,.,***-* 
~23 ; 
524 ; 
szs • 


526 ;******~,************'***********-***.************** 
•••**.* 
~27 ; 
~28 UIlRfJ1 
EOO 
529 ElflLIt{ 
eQlJ 
~:.18 


531 
532 ErSSTP 
EIlIJ 
SIs 
5s4 ClREfF 
EQU 
S3S 
~36 EPRSET mu 
ssr IO)(XJT 
EOO 
538 


539 lTYOUT 
EOO 


'549 
541 
; 


542 $EJeCT 


fUOCflTION or If' 110 ~TS: 


BUS 
f'1 
f'2 


; lr..>ED 
FOI! Ell DI RECmHl. 
flOOI<{SS fIN) [)f1TA1RflG"ERS 


; USED AS HI)lYIDlU. 
CONTm. OOTr1JTS ANI BREAI( LOGIC 


; IIlfJHJ1DER 
AOORf.5S /NI ~S5 
<J>f:CESELEGlI(lj 


P7 


1'6 
PS 
f'4 


; USED TO ENAIllE 
CImlCTERS 
fH) 
SU:OBE ro.IS 
If 
~ 


; tr:.lD TO T~ 
(lj III SlGl£Nl S (J' CltIDl 
LI' EIftlED 
DIGIl 


;~T 
rOR lMR 
F()JR SEGI£NTS 


; f'1lIT USED 10 SCfJl rOR KEY Cl~5 


INDIVIDlR. 
PINS OF ~T 
1 USED AS mios. 


rp18 
- III ENAIllES BREfI( (lj 
Br<ERK Rff! OUTPlfI SUJft. 


; P11 
.' HI ENfRES 
Dl<EIlK(lj RD 01< !oR TO LIN< f)',' Er 
(HOlE: 
I'll 
" 1'19 B01H III ENAIllES 
£;REAl( (lj fWl' Er 
INS1ROCTI(lj CYClE> 


; P12 
- LO FORCES EP SS Hf1JT Le", 
flI (;lITES llf«fl'J'OINl 
FLIP-FLIJ' ID Ef' SS IPf'UT, 


; PH .. LO ClEf1RS BREAK~LlP-FLIJ' 
fit) [NOOlES WR coo~'tt.10 BRERKPOINl RIVI, 
; PH - HI RESETS H' 
iNS 
- LU IKN E:> IS EXEClJ1IIll lJSER f'ROOk'ffl. 
III IKN EP FROlEN OR RINHIll 
lNE~'Lf1'f.;, 


; P1C .. SERIa 
OUTf'UTTO TT't' OR CRT 


; Pi7' 
IJlYXD 


818881.1000 
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LOC 
OE} 


001';1 


9920 
9049 


LINE 
S(,(IrCE SlfITEI'IEJH 


~043; **U4******.*,t*****.,~,***~**.**********.,~.********~,***U'** 
544 , 


)4~ 
" 
m)J'v'IDlIfl. 
PINS r.' POR r ~ I)S[[) 
f1S FOlLOWS 
546 , 


547 ,'~~,$'~**"**"****~***~'*****~" 
••*~'*'.*'~***~******** 
•• ~'********* 
548 , 
54~ , 
:,se . 
'551 rte 
lOCI 
552 I'll 
WlI 
'5'5] If'USEL 
[(l/.l 
554 
55S [Xf'tW 
[00 


55!! ; WI[N 
If' 
IN CONTi1Q:..or 1'tE1O'\' 
IlATRIX 111-110 USED f1S m_l(lf.; 


!:lO0 ; 
~<61 , 


562 
. 


Sf.3 ; 


564 ; 
565; 
566 • 
567 
; IoIIEN EP IN ('.{lNTROl (f 
ItATF.'IX 111-110 IJ5EO t1S FOllOWS 


56& " 
569 , 
'570 , 
5/1 " 
572. 
573 ; 
574, 
){5 
, 
576 $(.]::CT 


556 
SS;' ; 
sss . 


'P24 
,. 11E/'IOR'v' I1lTRIX 
ClJHROl 
PIN 
9 


,PiS 
- 
MEI'tOIN MATRIX CONH:(t 
I'IN 
1 


ifYi6 - 
HIGH lUll 
If' 
IN UJNll'<Ol OF(;0If0j 
I1EI'I ARRA'I', 


U'" 
liEN EP IN COOR(l, 


. f'27 
.. JIJ'IF'[RED TO G:ll.N> H~ 
STflIIlARO 
tOIIlCf<. 
fWHII¥.i 
IKN 
[,,'pr~blOll 
IUlIlOR 
PRESENT. 


lOOOOOO1.lB 


roDe 
PROfiRIV'f RIlI't flWfiV [If1I:)lED HJR RlAD & IllITE 
001 A RIlI't HR1\'flV 
HIRED 
r~ 
Rlr.r. 
& WklTE 
L1r1<' REGISTER 
lJfK£..D 
FOR READ, ~'AII ~'S 
D1SffliD, 


(NOT[ 
LINK R[GI5T[~ 
ftll<ffl5 
[Pf(jtlD 
F~ 
11' IIIm~) 


I'll 1'19 
o 
X 


1 II 


I'(l(l[ 


lP 
f'SI:N rUCI£S 
rR~ 
Llltc: 
~'£GbTEIo: 
(USED 1(J r~E 
OF'COOES) 


EP P5EN FETCI£S 
r~'O'I 
f'R~ 
Rfr. 
flRRAV, 


[1' RD & III 
CONTRll. flflTA RFII't f~1l\' 


Er 
PSEll rrroes 
FROI't rROGf<AI'I Rf," 
flRRfl'I', 
"t. 
& 
~ 
CONTRfJI.. LINK 
REGI:'TE~, 
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0017 


(;39 
[>[r..ocE [QiJ 
S 


Cs1 . 
Gi2 rfW1I<'l 
O"'~,JZ[. CONS) 
; SIZt. 
(It Lr.RGESI 
I1INI -/'JJNllOR 
OVERLRI' FOI1El' 
64(. 
tr,'SIZE 
((,!t.l 
2} 
(47 . 
648 OCClfIR( 
IJJrLEN, Cot15T. 
LEt«lTfI 
OF HEX FORI1RT :.(I1IT OOn:R 
O'ftX RECOOD LOOTH) 
662 
Blfl(N 
EQIJ 
16 
(.c~; 


(.(,4 
. '·'~****'I**-t~*.***.,**+***~·.******,j********t**.,.**.*****.***** 
665 .; 
EC,6. 
UTILI TV CONSTflNT [l[CLRRnTION'j 


0019 


0001 


&:7 
j 


663 .*******~*.*****j·*·j.**,..******••****.***.*~** ••• *.* ••• t••"'••• 
6(,9 ; 


671.l DECL~ 
;:[R1).lONST 
6r.4 Z[~O 
EQlI 
9 


f-B'J 
OCCLflP.E PlI.lS1. 
CONST 


[,99 
f'LIr,1 
[91.1 
1 


.'00 I)[CLflI1( 
F'LUS3. CONS) 
;'14 PLIJS~ 
lQU 
;'15 rl[CUlrE ~lEG1,CONST 
,129 NEG1 
mu 
--1 


9003 


m SEJECT 
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LOC 
OOJ 
~~[ 
STRTEI£NT 


0087 


LINE 


732.; 


,'33 ,4'*****'1*""*"'*~"'***'*4'***'*******"*****'_********_* 
734 , 
n~; 
l3G 
; 


737 ; ***'~'***********4'***'****"'''''**'_*'****'**'*****_***'** 
738 , 
739 OCr,lARE 
LOAm.l4liJ 


~2+ 
Loom 
SE.T 


7S6 
DECLARE m', P.OO 


/69+ 
KE\' 
SET 
m OCCLAf..'E ITIf', 
J;.'£e 
?S6~ 
!H1P;.fT 


/99 
DECLflIIE 
ClI<SlIll. 
RW 


!)'!3+ 
m(~ 
SET 


007 
OCCLflR( DSf'TIf', 
RCIJ 


!]20t 
D9'TIt' 
SET 
fJ24 OCCLfIR[ 
XPCQDE,Rf:tl 


&:17~ 
XPCOOC 
5[T 


841 
; 


842 ,*,~.****__ 
",.,.,.t**••***.***.**••**.*••*******_._*** 
841 
i 


BfN( 
9 REGIST[k 
fUOCflTIOO: 


,DA1A 
I)<"l:D BY LOGICfl. 
k~5SII«l 
R[f()I1oI1I1E. 
UTILIlIE!. 


R2 


,H(1DS 
Kl'r'COOE RE11.mD 
F~ 
KW 
Itf"JT 
WlllNE. 


Ri 


.' C(Uf1 H: 
IJSEL) AS RN IMJEX 
IN f'ARSERmimE 


R4 


,CHlCl(~JJ" 
er 
DATA CYTES 
TRfYISI'IITTEI> 
IN HEX FILE 
FIJ.'IflT 
R; 


,TEIf'!J'.AR't' 
ST~ 
FOR DI5PLA\' 
PP.1TERHS IN 
'D<".Rfl.t' 


R6 


,EXPf1NS1~ 
1'Ol1TtJ: 
roJTlNE 
COOl IURR 


Ri' 


844 
, 
[:f!NI( 1 rn::GI~TER 
fUOCf1TIOO 


845' 


fJ46 ;***************"'*******~'****'*******'**-**'*'~'***"'***'* 
347.; 


; lJS[D 
TO fnD 
IIf'UT 
F'fITTERN OCII«l 
~1lTA1lli 
TIt<WIH 
(;\' 


R2 


'CCU/TS 
1UIlI:l.: IF 
eITS 
ROlflTlD 
Tff-1lOOH C\' 


V48 OCCLARE JIOTl'AT, Rei 


BG5t 
ROlF'flT ~n 


869 
DECLm;:E 
POTCNT.· R01 


006+ 
ROTCNT 
SET 
~:3 


~'99 
OCCLffiE 
lflSTI:V. 
RB1 


997~ 
lflSTlC'Y SET 


911 
()[CLfl.'( 
ClJ1DIG. RB1 


928+ 
(,1J.llIG 
SE1 


n2 
DECLARE mnG, RIl1 
949+ 
Kl\flG 
SET 


953 


S'S4 
; 


955 
; *.**.*~**.*********.**.******.~,******~.********************* 
956 
fEJ[CT 


; IKl.DS KEY f'OSITIOO (f LflST K[\' ()[fIDSlOO 
()l TECTED 


R4 


; InD~ 
f1lSITIOO IF IU:l 
CIfl<ACTER 
10 
BE DI!"*t.IM:D 


RS 


; FLr.G TO DE'I ECT II!EN 
fU 
Kt::vs 
fiRE. REW1SW 


R6 


i (I<EGISlf.R 
( 
N(JT USED r(J( 
PkIIflRY 
1'KlN1T~) 
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intel· 


LOC 
00.1 


AP·55A 


80:!1 


9924 


0027 


0021- 


8tU1 


9(432 


8934 


lip,{ 
SOURCE Sl ATEI1lNT 


157 , 


958 
.******.•*.~**.,***********.tt************4'****************~~" 
159 ; 


9613 ; 
DAm 
NlI'I fU0Cfl1 
ION 


961 
; 


962 
;****"~'******"'**""**4'***.**~***.**************.*****',***.'.u 


; ~Tll'flI:i 
IN If' 
FtlI Er f(;CI-".lRT~ 
]2 


; ST~ 
IN '" 
rOk 
El' PROGRflMSTATUS WORD 
!3 


; ST~ 
IN If' FIl: [f' TIIIE~/COOO1f." 
RlGI5TEF; 


· STORf'tGE I N If' 
rOR EP REG 15T[~ e OF BflM( 
{j 
35 


; S T0I<'flG[ I N If' 
rOR LllIJ 8\'-1[ 
Cl" EP 
f>f<OCJ<ffI 
(;(om.~ 


36 
; STOFAGE IN /If' 
FOR HIGH NIBBLE OF El' I-'ROORHI'ICOUNTll\ 


'f'flrIf1I'tETER 1 FOR !lJ'IAl 
LlNI,- (.if1lt1 ~~ITl ilJ£RflTOR 


· PORf;M(TEI1 2 FOR SlRIAl 
lIN1<' DAfA RATe GENERATOR 


; rf1RfK 
TEP r Of,' AOTQ-STlP 
RNI) AVl0- BREfIK SlQl..UlCllli kf:T~ 


4'J 


; MON!TOil "'U:~. I ON NlJ'KR 
41 


(lIllJSEI!) 


; 
(LNJSED) 


(lNJ"..EDi 


(lHJ5ED) 


· J'Ii'II1AA't' CMfN) 
smml¥.J 
1IC1100',' RDDRI5S 
(LllI 
U'l'TEl 


48 


; f'RII'fflRY CO/tflNl> STARlIl¥.J 
!'EMI".fI' flDf>I:-'lSS (HIGI: (;\'lU 


49 


; pt:.'11'Vlk~'C1.llftlNl) Etl'll¥.J 
I'IEIU",' 
ROOf<'ESS(LOW £l\'TE) 


50 
; PRIMAA',' roftlN() 
ENliIN(j 11[11011\'ffiDkE.S~ 
(HIGH B'{ID 
51 


; THIRD Pfl1>L11 PP.RAI£TER & HEX RECORD flOOF..'ESS(lOW) 


52 


; Tlm'!) 
Pf'II'.I11 ~IH' 
t HlX ~fCOOi 
AOORESS (HIGH) 


~3 
; rIIIPIlI1\' 
COI'tI1ANDNlJVJ[R FROM PFJ;'SER ltKES 
OH:)) 


~ 


; J'RII'IIlR" CCMfI() 
PmH 
IER/O'l 
ION (9-5) 
~5 


963; 
964 DECLflIIE [rACe 
Rr.I1 
%9+ 
1I'ACC 
EQU 
973 
DECLtlRE [Pf'SW, RflI1 


978+ 
IJ'PSW 
mu 


~J2 
OCCLflRE EPTIIfI, 
Io'RI'I 


9G7+ 
[rTll1R 
EPI! 
,4 
!191 [)ECLP.RE ErR9, ~r.I1 


996+ 
Err-e 
wu 


1099 
DECLARE EPf'CLO, ~A!'I 


1805+ 
ErrcLO 
EQU 
1009 
[)[CU1PE EN'CHJ. J1flI'1 
19141 
Ef'PCHI 
[QI"I 
5( 
1918 OCCLfll1E J£ITLO ..mI 
1023-1 
fflITLO 
EQU 
]B 
1921 DECLARE IlClTliI. 
PAl'! 
10J2·. 
BEI THI 
EOll ~~~ 


1836 
OCClflr.( 
D<'.J'TII't,mM 


184H 
DSPTII1 
mu 
1945 
DlCLflRE IlERSOO, RAM 
10'59+ 
\lE1;'SM) 
[00 


10'54 OCCLi'ff 
l-PEGA, F:'fl?I 
1{j5~1 
f:RfGll 
[(,)ll 
42 


1063 
OCCLfU;r IIREGC.RAI1 
19681 
1~{Gr. 
[QlJ 
43 


107<' llECLAFE flRECC, IIAI1 
1977, 
HREGC 
mu 
44 
1981 
OCCL~:E ~Gj) 
..Rf1l1 


1006+ 
IIREGD 
ECU 
45 
1990 
DlCU:J1[ 
JIREIJ[, F:'AI1 


1995+ 
flF:'EGE 
EQlJ 
46 
1119') DECLARE 1J.IGf',~:AII 


1194 I 
HREGF 
[00 
47 
1100 
DECLr.RE :MO, 
Rr.I1 
1113+ 
SIflI..lJ mu 


1117 
OCCLARl SlmL RAIl 
112'~+ 
SIR{I 
EQU 


1126 
OCCLflRE EItFtO, RAIl 
1Dl 
+ 
ll1ALO 
lQU 
1135 
DECLAFE ElR-Il ..RAI1 


1143+ 
UR!! 
[QI"I 


1144 
DlCLAPE IIJI.O, 
RAI1 
11491 
I1EI1LO 
[W 


11'53 
DECLflRE I1Eltil, 
Pfl?I 
11~.'3-1 
OH 
EOO 


1162 
DlCLAFE OCc('(, Pf:I1 
11GN 
E:f'--OOE lQIJ 


1171 
DECLARE TVPE, ~ 
1176+ 
TI'PE 
[{,)ll 
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inteL 
AP·55A 


LOC 
00,] 


88311 


883C 


8831> 


883E 


0041 


9942 


9943 


994[ 


LINE 
SCfEE 
STATO£NT 


1180 DECLARE ~,~1l1 
1185+ 
~ 
[I~J 
1189 ()HtARE 
OPTI 1)1, RIll 
1194l 
()f'TJI)I 
EQU 
1198 DEClARE 
t£XTPL 
RAM 
1203i 
NEXTPL 
EQII 
12117 DECLARE KBDEUF, RAI1 
1212i 
KBOOlr 
EQU 
!:.9 
1216 DECLf1RE K~YLOC, Rf'I'I 
1221i 
KEI'lOC 
EQIJ 
12'6 
OCCLARE ~PT5, 
Rf1I'1 
1230+ 
NREPTS 
lQIJ 
1234 DECLflRE 'fI'...IIIlL RflI1 
1239l 
flSAY[ 
EQU 
1243 DECL~ 
RDELR'1', RIll! 
124Sl 
RDELfi\' 
[QlJ 
1252 OCCLflkE 
STRTl'IP s RAIl 
1z)7+ 
5TRTMP 
mlJ 
1261 DECLflRE BlHN1, 
RAI'I 
1266+ 
IllfCNT 
[QIJ 
1279 DECLf'.R£ RECTI'!" 
RAM 
12~+ 
RECT'r'P 
EgtJ 
1279 DECLARE B, RAI1 
1284+ 
B 
EQU 
1283 DECLARE REGC, Rt:tl 
1293+ 
REOC 
EWJ 
1297 DECLARE H, RAM 
1392} 
H 
1396 ; 
B97 
MBlOCK 
~'[G/'IlP.ClIARNO 
; R[GISTEF: 
ffl1f1V 
FOR DISPLfI'r' 
rAlTERNS 
13W 
5[GIIRP 
EQIJ 
70 


1314 
; 


1315 
"I:1LOCI:' 
Ol/lllf, 
MlZE 
; LOIHJlIDE:R 
USER PROORAI1 DIIUt«l 
MINHUUlOR 
0YERU1YS 
1319+ 
0IlI3Uf 
UN 
73 
1322.: 
1323 
MBlOCK 
HEXBUF, IllrLEN 
; AlLOCATE 
DlOCK or 
RAI't HlR 
lJ<.,£ AS H(X R1::C~() 
IllfFER 


1327+ 
IlEXBlf 
EQIJ 
191 
1330; 
1331 $EJECT 


; 1flX. 
IUKR 
or 
rmKTEF:5 
IUMD 
FOR SELl::m.D 
C(ftfN) 
56 
; IN>EX 
f'OINHJ~ 
U5(() 
IN Slfmllt«l 
1'fRC....EF!,TfIIlES 


57 


; ClQ1ACTER 
POSITII)I 
r~ DI~A\' 
UTIW 
IES 
10 If:ITE 
Il:Xl 
58 


.:POS 11 11)1 or 
t:I\' I.lEBOlN:ED 
BY 5CAIfllt«l 
SlfJROOT Ill: 


; IIGO'IENIED 
flS 5UCCESSlYE 
KE\' 
LOCATICIC 
5CIIf£I) 


60 
; KEEPS 
Tm:K 
or 
SOCCESSlYE 
REfllY., or 
SAIl: 
m~TROO; 
C1 
; HIlJ)S 
I~.'(;IJU_RTOR 
YAU£ 
~1N(j 
SERVICE 
f<Wlllf. 


62 
; (WlfIER 
DECf<:£IIENTED WlIlN AUTO-STEP 
DlLA\' 
IN F~'\.Go.{SS 


63 
: IP()[X 
POINTER 
f iJ; 
DISPLf:Y Cfuw:m: STRII«i 
ACCESSIt«l 


C4 


r CCOIl 
or 
DtlTA Il\'TES 
I N lEX 
F:J<IflT 
REClJ.1> BlfFEF: 
65 


; TI'I'[ 
or 
flEX FORMfll 
RECOF:D (9 
OR 1) 
t.6 
;!1IT COI.M EF: FOR RSCIl 
!£Rlf:l 
110 
UTILITY 
SIIlROO1INES 
6? 
; CIR\'fICTER 
BEIt«l 
SinnED 
~lt«l 
SEWlL 
110 
rF:OCt.SS 
ea 


; ('1UITER 
IN SorTWf*"E 
DELR'/ 
DfllA 
~'flTE GEt£RATOR 
[QIJ 
G~ 
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infel· 
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LOC 
CIGJ 
LINE 
SCI..RC[ $TRTEIOlT 


13J2 
DATf'O..K 48 


9390 
13:m 
~ 
768 
1341 
; IrMl.S 
TFnE 
Of DM.;TfflT~ 
10 IJE L(8)(D 
INTO 11' INTERIft. 
RAIl 't'fJ(lffllS 


1342 
; 
AS f'ff:l 
(J' 5YS~ 
INITlfl.IZflTl()l 
I'ROCEDtK: 


1343 
; 


1344; 
IN 1TIfl. 
VftLll 
IIf:RII18I.E 
lYPE 


1345 
; 
======= 
:.::.== 
====== 
--- 
9309 
90 
1346 
I1M1.5: 
DB 
08H 
;R01NlT 
k'81 


9391 
98 
1347 
DB 
8811 
; R01CNT 
RIll 


9392 
98 
1348 
DB 
9IJl 
; Lf:5TKY 
RIl1 


931B 
00 
B49 
DB 
UIAROO 
; ctmIIG 
f<E1 


9384 
90 
1359 
00 
911I1 
;KrYFLG 
R81 


9385 
90 
BS1 
[)Ij 
90H 
; <REG7) 
Ra1 


1I3I!C 00 
1352 
DB 
0al 
; lPflCC 
m'I 


8387 
91 
1353 
00 
91H 
; lPP'"..w 
RAI1 


9388 
00 
1354 
00 
08H 
; EPTII1R 
~ 


8389 
90 
1355 
()(; 
911I1 
; [f'I18 
f<fII 


8J9R 
90 
1356 
DB 
8911 
; Ef'PCLO 
RAI1 


031lll 08 
1357 
DB 
0IlH 
;EPPClH 
RAIl 


9~ 
93 
1351.) 
00 
9311 
; IlIlTLO 
RAIl 


9:SOO 94 
BS9 
DV 
84H 
; ffllTHI 
Rff1 


838E 
21! 
B68 
00 
28H 
, DSPTI" 
~ 


939f 
2S 
1361 
[)tj 
2SH 
; YERSI() 
RIJI 


8318 
90 
1362 
00 
90H 
;~GA 
RAIl 


11311 90 
1363 
00 
0011 
;1~GIl 
RAIl 


9312 
90 
1364 
DV 
0011 
; HRlGC 
RflII 


8313 
90 
1365 
00 
OOH 
;~GO 
~ 


In1490 
1366 
00 
911I1 
;~GE 
11'" 
8315 
90 
1367 
00 
881{ 
; IJ:[GF 
RAIl 


8316 
90 
1368 
00 
OOH 
; SlRO 
RAIl 


0317 
90 
BG9 
00 
0011 
;9I1HI 
Rf)I 


11318 rF 
1378 
00 
8fHI 
; EIIILO 
f<fII 


8319 
Br 
E71 
00 
9ffl 
; E/fllII 
f,'fI'I 


831A 00 
1372 
DB 
OOH 
; 1£1t.0 
R!II 


8318 
98 
1373 
00 
90H 
;10111 
~ 


snc 
08 
13(4 
00 
001: 
; BCOOE 
RAI1 


9310 
94 
1375 
00 
IW: 
; TYPE 
RAIl 


931E 
91 
1376 
00 
9111 
;~ 
RAIl 


031f 
90 
1377 
00 
0011 
; (»T1()1 
RAI1 


9329 
00 
1378 
00 
CJ-:Am) 
;1£XTl'l 
Rf~ 


131211r 
1379 
00 
!!rnl 
;I(EOOUF 
RAI't 


0322 
00 
1389 
00 
~ 
;K[ltOC 
RAIl 


9923 
Bb'! t«l'M.5 
EQlJ 
f- INYfR.S 


1382 
5IZEClIK 


9923 
1385+ 
$lZE 
SET 
35 
13f');~ ; 


13B7t; .-*--.--.-.**-******.*~-.*********.~. 
1396 
fEJECT 
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LOC OOJ 
LIIE 
SW1tE ~TRTDENT 


1397 $ 
II«l.UIlE( :F9:PfI1SER.IQ» 
=1398 
COOEBLJ(4~ 
9999 
=1483+ 
~ 
9 
=1487 ; INIT 
INITIALIZES PROCI:S~ 
REGISTERS 
=143'.); 
IN) RIll LOCIlTIERi',0 DEFIlE/) YIl.l£S. 
99119C5 
=1489 INIT: 
SlL 
r..'39 


9991 BFOO 
=1418 
IfJ\I 
XPCOOE,18 
8883 7401 
=1411 
CfU 
xrTEST 
8995 27 
=1412 
CLR 
A 


8886 31) 
=1413 
IlM> 
I'SEGLO,n 
9Il8i' :lE 
=1414 
IlM> 
PSEGlil,R 
11 


8888 C81A 
=1415 
IfJ\I 
1<1I, I1/lt 
; ST~T RT kill <REG2) = RAIlLOClffl 
888f: !l923 
=1416 
IfJ\I 
R1, IL~ 
I«Ml.S 
eeec BOO8 
=1417 
IfJ\I 
R2, ILl'I IIM¥-!, 
881!( FA 
=1418 INITLP: IfJ\I 
A,R2 
00IlF El 
=1419 
1()Yp3 
IUR 
0818 A8 
=1429 
lIlY 
@RQ,R 
081118 
=1421 
INC 
Re 
0812 lA 
=1422 
INC 
I(~ 
0813 E90E 
=1423 
DJNZ 
1d,INI1LP 
0815 SS 
=1424 
STRT 
1 
0816 744f 
=1425 
CAll 
E.f'l:RI( 
0818 t;SIl8 
=1426 
IfJ\I 
Re, 1L~(OV1BAS.OYSIZE) 
8I!1R 74GA 
=1427 
CIU. 
()\/\..ORD 
081C 54£5 
=1428 
CRll 
WFIL 
II81E 8937 
=1429 
IfJ\I 
R1,'TWE 
8829 11 
=1438 
INC 
@R1 
0021 34F2 
=1431 
CfU 
INCSIIA 
8823 54E5 
=1432 
au 
cat'IL 
8825 99EF 
=1433 
IN. 
PL '(NOT EPI&l) 
; REJIl\I[ Er Rl!ll 
SIIHL 
88278429 
=1434 
JIt> 
I1AIN 
=1435 ; 
=1436 
SIZECIt: 
8829 
=1439-1 SIZE 
5I:T 
41 
=1448-l; 
=1441-1;- 
_____ 
**__ 
******* 


=1458 $EJE(;T 
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LOC OOJ 
LIrE 
SIUCE 
STATD£NT 


\I 
\I 
\I 


=1451 ; 
=1452 ; 
=14~3 ; 
=14~ 
; 


=1455 ; 
=1456 ; 
=1457 ; 
=1458 ; 


=1459 ; 
=1~ 
; 
=1461 ; 
=1462; 


=1463 ; 
=1464 ; 
=1465 ; 
=1466; 
=1467; 
=1468; 
=1469 ; 
=1478 ; 
=1471 ; 
=1472 ; 
=1473 ; 
=1474 ; 
=1475 ; 
=1476 $lJECT 


IQ'T'Iltm>LAYOOT: 
=--=== 


\I 
\I 


! 
C 
!! 
D 
" 
E 
!' 
r 
! 
I 
11 
I1 
I1 
I 


" 


\I 


" 
, 
LIST 
' !GOIRESET' ! 
I 
11 
It 


o 
,. 
•• 


GO 
, !lXIWCIfl! 
" 
, 


\I 


! 
8 
!! 
9 
'! 
A 
!! 
B 
' 


I 
11... 
11 
11 


" 
" 


, 'PROO BRK' 'I'ROO !Ell' 'REGISTER' 
! Lf'l~!! 
....•- 
" 
-_.- 
" 
! 
"MO 
STP''SIIIl STP!' 
P«l 
~ 
! 


"DATA 00<' 'DATA !Ell" 
, ON..~" 
---- 
" 
._. - 
"CLRIf'II'EV' 
, 
"MO 
00<" anH f:R1(" 


" 
" 
" 


" 
! 
4 
'! 
5 
!' 
6 
'! 
7 
' 
I 
I I 
I I 
! ~ 


" 
" 
, 
FILL 
"lfl1O REG" 
I£XT/, 
!' 001 
" 
" 


" 
, 
8 
" 
1 
" 
2 
'! 
J 
' 


11 
11 
I1 
I 
" 
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lOC 
OCJ 
LIr£ 
~ 
SlATElEN1 


=1477 ; 
=1478 ; 
TI£ FIl.UJlII«i 
E(u!TES ~ TERltllt5 
HJI TI£ PfI&k 
INTERPJ<ETS 
=1479 ; 
YIUES RETIND 
r1I 11£ KEl'OOflWSCfHlII«i 
IIf'UT ROO1HI. 
=1488; 
IKN 
TIl 
YRRIWS KEI'S (J' nE KEWlOOROAREPRESSED. 
=1481 ; 
=1432 ; 
=1483 ; /((\'9 
EQU 
98H 
YfLL( RE:TlJ<I£1)FlJ1 ER:H KEY(F m1lOJ1l) 
11I1~l X 
=1484 ; KE\'1 
EOO 
9tH 
EJ\' m'WRO 
SClNH"-i SOORIXlTIIE"KOOIN". 
=1485 ; KEY2 
mu 
02H 
=14CC ; K£Y3 
~OO 
83H 
.--_.-+...._-.----+-- -- + 
i····--+..-.-. -..-+-- + 
=1487 ;m'4 
lOO 
8411 
'lC'lD'lE'1F' 
'8(;'8D'8E'~' 
=1483 ;KM 
EW 
8511 
.-- ..-+--.- -. -- ..-+.·--..·f 
t·---..+- -..•----i---+ 


=1489 ; KE"6 
EQIJ 
8Ql 
' 18 ' 19 ' 1A ' 1&. ' 
'88'89'8fl'88! 
=1499 ; KE\7 
tOO 
!17H 
l......-.---+- ..--.- ..-~-t 
t- ..-- •........t- ....-.- .•-+ 


=1491 ;KEYS 
EOO 
88H 
' 14 ' 15 ' 16 ' 17 ' 
'114'115'86'81' 
=1492 ; KE\'9 
EOO 
89H 
+-·- ..f--·-t----+--- ..+ +---- + - ..--.+.--i-.---. 


=1493 ; KEVA 
EQU 
Iftl 
'18'11'12!13' 
'88'111'82'83' 
=1494 ; KEY!) 
EOO 
8BH 
•._.._+_. _..+_ .._+-.•..-+ 
+.•.-+---.+-- 
-+---+ 
=1495 ; KEYC 
[00 
8CH 
=1496 ; KE\'D 
EOO 
8DH 
=1497 ;KE\'E 
[QU 
OCH 
=1498 ; Kr'I'F 
[00 
8f'H 
0010 
=1499 /((\nl 
[00 
18H 
;rnu WlflN>l 
11912 
=1588 KE\'NXT [00 
12H 
; [~XT/, 
1 
8813 
=1591 K£'r'EN) EQU 
13H 
;[001. 1 
8814 
=1502 mm 
EQIJ 
14H 
, [OCWlJ8> 
UJIIN) 
I 
8815 
=1503 Kl:WAT mu 
iSH 
; [tlJTOOI1U1KImIFIERl 
8816 
=1584 K[YDt'I mu 
1611 
; [l!IlTll I'£IU'!' 
ImIFlERl 
8817 
=1S85 m'cu' 
EW 
1?11 
; [r..tOlRIPREVIWS I 
8818 
=1586 KE\'REC EbtI 
1!JH 
; [lfLOOD CIJIfH) I 
8819 
=151J7 K[YTRfl EOO 
19H 
,[AU105ltf' 
ImIFIERl 
881A 
=150f) KEYPI'! Eoo 
1ft! 
,[PROORAIIII]QY 
IQ)IHERl 
881B 
=1509 KEVREG EOO 
lBH 
;[R[GIS111l~' 
II.()U1ERl 
881C 
=1518 /((\\.5T 
[00 
lCH 
; [F(JMITTED DAmurrnn 
UJIIN) 
J 
8e1D 
=1511 KCORES EQU 
lDH 
; [GO FR~ 
R[!£T STATEaJ'IIH) 
1 
881E 
=1~12 mm 
EOO 
1EH 
.'[GO COItflIfI I 
881F 
=151:> KEYP[() mu 
lFH 
,[~XfiI'!IIEIIQ)IF\' 
CQIIN)J 
8I.IB(; 
=1~14 K5HB 
EQU 
ID! 
; [SET BllEff<POINT ctfIIK>] 


008C 
=1515 KCLJIIl 
EOO 
OC1f 
; [CLEF*: DRERKf'OINTWIftI)] 
=1516 ; 
=1517 ; 
8819 
=1518 fU'r 
EQlJ 
19H 
,[fWiRI1II 
CREAKf1lINT1UIRl' ImIFlERI 
8815 
=1519 OORK 
[00 
1~ 
, [MTA BREAKPOINTI'£IUV 
IQ) IrlER ] 
11911 
=1529 RINT 
EQU 
l1H 
; IIM4flRE 
RECilS1ERI'£~' 
ImlFIERl 
001B 
=1521 NOORK [QU 
11lH 
,[WlHfOUT 1lREOO'OINTSImlrIERl 
8e1C 
=1522 IoUK 
EgtJ 
lGI 
,[ WITHERl:.fl<POINTSEIfIBLEII1I.()1FIER] 
001A 
=1523 SI.., 
(00 
lilt 
,[SIIRE 
STEP Imlf 
lERI 
=1524 ; 
=1~ 
$EJ[CT 
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8836 CG29 
=154(; 
JZ 
IfUN 
=1547 ; 
=1548 ; FIIW' 
rII«> WT IF HI. 1(£\' f{'(SSED 15 A LEGITIIliTE catfH) 
INITIAT~: 
=1549 ; 
lTlI' :=CTAB 
=1558; 
fJCOO[:=T\'P[: =8 
=1551 ; 
IIULE CTRB<ITII')oe 
ICTff: E)(KilJSTEI)/ 
=1552 ; 
IF CTfll<ITII')=I([V GOTO111100 IWtfH) 
lNTRYrtUC> 
IN CTAB! 
=1553 ; 
aSE 
1111',:=1T1'IP+CCflIAIIUN1R\'_SIZl 
=1554 ; 
BCOOE:=IlCOO£+1 
=1555; 
DllIIIILE 
=1556; 
GOTO[~ 
8838 OC23 
=1557 
lIlY 
Ill'" 
ICTIIl 
=1558 
IftJY 
OCOOE,ztro 
88JA £l936 
=1~9+ 
lIlY 
Ri.1BCOOE 
88:lC 8199 
=1579t 
lIlY 
@f:1,1ZERO 
=1574 
IIIlY 
T'r'P[,Z£RO 
883E BS37 
=15S5+ 
lIlY 
kLlTW£ 
8848 811!8 
=1586+ 
lIlY 
@f:1,ILa'O 
8842 FC 
=1591! FIN>Of': lIlY 
fl.ITII' 
8843 El 
=1591 
IfJYI'J 
fI,@fl 
8844 B28C 
=1592 
Jb'S 
I£Rf<OR 
8846 00 
=1593 
xr..l. 
A,m' 
884'1 C6S2 
=1594 
se 
IIIIIfl 
8849 Fe 
=1595 
lIlY 
fl,ITII' 
884ft 8383 
=1596 
fI)I) 
fl.IWISIZ 
884C oc 
=1597 
lIlY 
ITII', A 
8840 8936 
=159& 
lIlY 
Ri,troX>E 
884F 11 
=1599 
It«: 
!!Ri 
8859 8442 
=1688 
JII' 
FINXF 
=1681 ; 
=16112; 
oorrtJT _IESSOOE(STRCaI(E;(;OO£)) 
/tPmf'T 
FOR Ill. ~'l::NT 
WIIIN.l*/ 
=1G03 ; 
1:=1+1 
=1634 ; 
(J'T1(Jl:~m 
=1685; 
1:=1':-1 
=160(; ; 
NJ_IJ"~n:RS: 
=IEII(I) 
=1607 ; 
1:=3 
=1680 ; 
=1G8S IIlIIfl: 
IIIlY 
A,BCOOl 
8852 8936 
=1G1S" 
lIlY 
R1, IIlCOOE 


9854 n 
=1619+ 
lIlY 
fi, !!Ri 
88SS 1H11> 
=1623 
fI)I) 
n,ISTRroI 
8957 3482 
=1624 
ClLL 
WTCLR 
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LOC ooJ 
LINE 
!;OO1CESTflTEI£NT 


9959 lC 
=1625 
11£ 
lTif' 
8lISA Fe 
=162G 
~ 
R.lllt' 
ees& E3 
=1627 
1UYr3 
R.@fl 
; GEl (J'Tl(JI POINTER 
=1628 
MJY 
(J'Tl(JI. fl 
895C 1.'939 
=1641+ 
~ 
Rl.ta>Tl(JI 
IJ95E Ai 
=1642+ 
Il)\/ 
@R1,A 


99Sr lC 
=1646 
11£ 
HII' 
0060 re 
=1647 
~ 
A.ITI'I' 
0I!C1 0 
=1648 
1IOYF'3 fl.@fl 
(£T I«) (J" f'fm£T£RS 
=1649 
MJY 
tuIC(JI. A 
9IJ62 B9J8 
=1662+ 
IlN 
Rl.1IUDlN 
0064 Ri 
=1663+ 
I'm 
@R1.A 
=1667 ; 
=1668 ; 
I"flr.IXTElUJlffER (8=)5) :=e 
=1669 ; 
0065 B98C 
=1(;79 
..w 
N.. 16 
; If£H ~ 
I!; 2 b'\'1E!; 
99(;7 00],0 
=1671 
I'm 
R8.1SIft.0 
; Sl~T 
(J" Pfm'I 
BlHERS 
0069 D800 
=1672 IWlIIll: ..w 
~.188H 
906B 18 
=1673 
11£ 
Re 
006C E969 
=1674 
DJH2 
k1.,.,11f: 
006E 14EC 
=1675 
CflL 
lIRE'!' 
=1676 ; 
=1677; 
IoIIlLEKEYOIE"«(J'TIlHiWP[)[6-111 
DO 
=1678 ; 
IF O«(J'T100t 
TYFD[ 71=1 GOlD IfHHD1 
=1679 ; 
TYPE:=T\'I'E+l 
=1G80 ; 
EN>MHLE 
=1681 ; 
=1682 
MJY 
lTIf'. (J'TI(JI 
0070 B9J9 
=1690+ 
..w 
Ri. m-TI(JI 
0072 n 
=1699-1 
PIN 
R.@R1 
0073 rK: 
=1712+ 
..w 
!TIt'. A 
0074 lC 
=1715 
lHe 
ITlt' 
=1716 m11£1· 
MJY 
A. lTIf' 
0075 re 
=1m+ 
..w 
A.ITIf' 
0076 E3 
=1736 
1«M'3 
A.@fl 
0077 97 
=1737 
tl.R 
C 
0078 F7 
=17J8 
ac 
R 
0079 77 
=1739 
RR 
A 
; STRIP BIT SEVENINTOCIJ.'kY 
OOfA00 
=1749 
XRl 
R.KE\' 
0078 C693 
=1741 
J2 
Itllll) 
0070 r687 
=1742 
JC 
"'111)1 
=1743 
IHNC 
T\'PE 
007f L'917 
=1748+ 
I(lY 
f.:1.'lYPE 
0081 1·1 
=1749+ 
..w 
R.@R1 
00C2 17 
=1753+ 
11£ 
A 
0083 Ai 
=l758l· 
IIOY 
@Rl.A 
0084 lC 
=1761 
11£ 
lTIf' 
0085 9475 
=1762 
JIf' 
1tl11£1 
=1761 ; 
=1764 ; 
PmIFlER 
I«)T F()H) so RESET T\'I'E II«X 
TO DErfU.T CASC(ZERO). 


=1765 ; 
=1766 !fI11I)1. PII'KJV 
1\'PE. ZERO 
0087 £1937 
=177"n 
..w 
Rl, .TYPE 
008S 8100 
=177t)+ 
IlN 
f!IR1•• ZERO 
=1782 
IftJY 
fl. (J'TIOH 
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LOC OOJ 


8!lSB ~39 
98IJI) n 


998E E3 
98f}" 3494 


IIII'J1 849E 


81193 B939 
999S F1 
889C E3 


9997 
B937 
IJ999 61 
999R 3484 
999C 14EC 


999E EC0II 
~ 
2339 
88fl2 6C 
8IlA3 6C 
98A4 AS 
II8fIS 14C9 
8IlA7 FGIlIl 
89Il9 lC 
eeAA B93S 
99W,; 
F1 
98fI) 87 
8!ft 
Ai 
88ft. 
C6f;fI 


8881 FB 
88Il2 D313 
8IIIl4 CQlfl 
88B6 l*C 
8IlB8 84f18 


888C Ilf181 
88BE 24911 


11897 


=1791+ 
=1792+ 
=17% 
=1797 
=1798 
=1799 
; 
=1888; 
=1881 Ifl 11() 
=1818+ 
=1811+ 


=1815 
=1816 
=1822+ 


=1823+ 
=tr:27 
=1828 
=1!l2S; 
=1839 If!It(;8: 
rfJ\I 
=1831 1IR1I1l1: rfJ\I 
=1832 
OOD 
=1833 
AOO 
=1834 
I'KlY 
=1835 
CfU 
=1B36 
JC 
=1837 
INC 
=1838 
rfJ\I 
=1839 
rfJ\I 
=1~ 
OCC 
=1841 
rfJ\I 
=1842 
JZ 
=1843 
I'lN 
=1844 
XRL 
=1845 
JZ 
=104G 
ea; 
=1847 
Jlt' 
=1848 
; 


=1849 ;CII)lNl 
MER 
N: W'IDI) 
f'ROCE!;SORWITH: 


=1!l58 ; 
[lASLCOOl=TI£ 
IIRIN rotfN) 
1\'1'[ 
=1~1 
; 
Wf'[~SI.BXIIfN) 
TW£ 
=1852 
; 
PARAl'lETER(1)=fIRST fl)l)l\'[S!; 


=1&53 ; 
PfJMTER(2)=SlIXH> 
f~SS 
=1S54 ; 
M1ff[TER(J)=I)flTfl 
=HISS CII)! Nl 
JIf' 
IIf'LE" 
=1856 
; 
=18::17 ; II:~ 
[~ 
aoxmERED 
IN IIRIN Pf~:S11«l kWTINE. 
=1BSS 1ERroO:: rfJ\I 
LOATA,11 
=1859 
JIf' 
~ 
=1869 
SIZECII< 
=18C3+ 
SIZE 
SET 
151 
=1864'1; 


=1&'65+;-****-*--------*************.- 
=1874 
SEJECT 


LINE 
SQ.m 
STR~Nl 


CfU 
OOTPUTJ£SSfQ(ImIFH.l:) 


Ift)Y 
A, OPTIOO 
IKlV 
Ri, O'TIOO 


1(1\1 
A,(!R1 


PllYI'3 
n l'fl 
IfI)() 
A, TYPE 


rfJ\I 
R1, ITYPE 
ADO 
t1, (!R1 
eu 
OOTI!SC 
CfU 
I1f'I([\' 


ITIt',18 


A, I51tI.O 
A..lTIf' 


A, IT"" 
Re,A 
I~ 
CIt)lNl 
IH1P 
~1,~ 


A,!!,!\1 


A 
(!R1, A 
Clt)INT 
f\, 1([\' 
fl, IKE\'[II) 


OOINT 
1rf'KE\' 
IIRIIIl1 
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LOC 
(EJ 
L11£ 
SW1C(STnT£1'ENT 


8J23 
=1875 
DflTfRK 
511 
=1838+ 
(J1G 
883 
=1884 
; 


=lSSS 
; ***-,. ..*************-****-*************************.** 
=1SSG ; 
=1887 
; 
TfRlS 
F!J: PAR'".I.R 


=lCSS 
; 


=1re9 
; **********-*--*****-************.********* 
=1e98; 
=1U91 ; 
TIE elAB TABLE calTAIN'j 
(aJ!S!Z) 
ENTRIES F(J( EOOI ctlftH). 
TIE l'lfllll«l 
=1892 
; 
(f TIE ENTRIES IS flS F!X..LIlIS: 


=1893 
; 
=1894 
; 
mm' 8 
COMIIftN()KE't' TO INITIATE 
=1895 
; 
ENTR'l' 1. 
POINTER TO H£ 
LI 5T If 
(J'THilS 
flPPLICAF.LE 10 THI5 (,'{)fftI) 
=1896; 
ENTRY 2. 
tUKR 
(f IU£RIC 
f'f~TE~ 
REWIRE[) 
E:'l' If't 
rottfN) 
=1897 
; 
8823 
=1!'~ 
CTflB 
EQU 
$ All) 9Fnl 


8003 
=1899 ro1SU 
mu 
1 
=1980 
.; 


8J23 if 
=1991 
00 
K[\'I(lD. L()l (FTAB1, 1 
; EXAII 
0J24 
:sF 
8325 
81 


9326 
1E 
=1992 
00 
KEYGQ.L()l (FTfE3. 
1 
;60 
0J27 
49 
832{; 91 


9329 
19 
=1903 
DB 
KE'wfIL L()l (J'TfIll.3 
; FILL 
932A :sf 
9328 
93 
8321: lC 
=1994 
DB 
KEVLST.L()l (FTAB1. 2 
; DlII' 
8321> 3F 
832E 82 


832F 
18 
=1995 
00 
KEI'REC.L()l (J'TffiL 
2 
; REcall) 
9339 
3F 
9331 
82 


93J2 
14 
=1996 
DB 
KEI'R£L L()l (J'TAB1. 9 
;WJ.flD 
9:m 
3F 
9334 
99 
9335 
9() 
=1907 
DB 
&1 
B. L()l (J'TfIl2. 
1 
;SET~ 
0Is6 
46 
8337 
81 


9338 
OC 
=1998 
DB 
KCLRB.L()l (J'TFll2. 1 
; CLRE:RK 
9m 
46 
833A 81 


!lIre 
iD 
=1909 
DB 
KGORE5.L()l (FTfl():S. 9 
; GO H1aof RESET STATE 
IInc 
49 
SJ3D 99 
!l33( 
FT 
=1919 
DB 
{fTH 
; ESC(J' 
=1911 
; 
=1912 
$EJECT 
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L1t£ 
S(U'C[ 
STATEl£NT 
LOC 
ooJ 


833F 2C 
8348 in 
8341 16 
0342 
1B 
0343 11 
0344 19 
934~ 95 
0346 26 
9W lR 
8348 % 
9349 2C 
934A 18 
9348 16 
834C III 
8341) 15 
934E 99 


=1913 , 
=1914 ; 
=1915 .' 
=1916 ; 
=1917 ; 
=19U) , 
=1919 ; 
=1929 ; 
=1921 ; 
=1922 CPTf1l1. 00 
=19".B 
De 


TH[ CPTI!Jl TIlBLE GIVES TI£ 't'fI1IOOS CPlll'6 ALLOII:DF~ EfOl 
BASIC CMm). ss FOLLOWS 


ENTRYB. 
STARTor TffiLE (.f IO)IFlER 
REsm&S. 


[NTRY 1+. fllOIO 
IO)IrIER 
Kt'l'STRa(ES m:RESPOIfJII«l 
TO c.'TIIJ6 
8-5. 


OOT[ llflT 
TI£ LAST B'r'TE IN EACHOf'll~ 
GROlf 
IVIS SIT 
SEVEN~T TO IN)ICATE TI£ 00. 


~TRI£" 
Kl'!,,", KE\'Dt!,Kl'l'REG.RINT 
= 


=1924 
DB 
P8k1(, DEIIK ~ 
OOH 


=1925 CPTA02: DB 
5TRI'IE" 
=1926 
00 
1([1frI. KE\'Dt! (}' 89H 


=1927 IPTAB3: 
DB 
STRGOC 
=1929 
DB 
~,IIJRK, 
5II«l 


= 
=1929 
DC 
K£\'PflT, KE\'TRAOR GelI 


=1939 
5IZCClI< 
=193;+ 
SIZE scr 
44 
=1934+; 


=19:SSi; •..,.*****************-*-*****************-******* 
=1944 $lJECT 
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LOC OOJ 


Ap·55A 


8180 


8180 8319 
8182 84f1 
8184 AJ 


8105 e948 
8187 A1 


8180 £j<J40 
8100 F1 
8188 ID 
811K;r217 
811lE D400 


8118 C948 
8112 F1 
8113 17 
8114 A1 
8115 2488 
8117 C408 


8819 
8119 31 
811A 37 
8118 :lE 
811C 44 
881D 
811D 46 
811E 49 
811r 4B 
8128 4E 
8121 51 
8122 54 
8123 57 
8124 SA 
8125 50 
8826 
8126 SF 
8127 61 
8128 63 


L1N: 
5W1CE STRTO£NT 


=1945 
COOEBLK1J8 
=19551 
~ 
2!J6 
=1959 ; MUTI. MM (1£ IFFW< UTILm' 
DI5PLA'/ f'rot'lS 
(LEFT MlIfILD) 
=19(.>11; 
~11«l 
TO f.::c COO'OOS (8-:n. 


=1%1 ; WTClR CLEII<DISPLAYAN>OOlPUT~TER 
!;lRII«l !;T~TII«l 
=1962 ; 
RT nE ~SS 
POINTEDTO IN evn HT fl)l)RESS IN OCUJU.Rl~ 
=1%3 ; 00TIf"..G <:.LUnJ'T11£TO Ga'\' 
A STRII«l (l- Ell f'RTTERIf.;FRfJI WI TO Tit. 


=1%4 ; 
DISPLAYR£.GI~TERS. 


=1965 ; 
STRII«l $[l[CTED IS DETERIIII£D8'1' OCCIRN Cfl.LLD 
=1%6 ; 
~ 
ENTERII«lWTII'"..G,f.::c wm:NTS 
IfIE USEDTO talRESS R B\'TE IN R 
=1967 ; 
LOOQf HIlL[ ~ 
nE etmNl 
PfB: IIlIClI CfMl'AINSHiE 100000S (J' 
=19(,,8 ; 
A STr.:II«ler SEGlENTPAllU:N DATR8'1'1ES TO !lE PRINlED CflTOTit. 


=1969 ; 
DISFtA\'. 


=1978 ; 
nE 00 OF nE STRII«l 15 I1{)JCHITDliEN Em 
=1 
=1971 ; 
ClLLS SIJlF:OOTII£1~15P' 
=1972 ; 
TO OCTIRLY EFFECTIIUT!1«l INTOnE OI5PLRYREGISTERS. 


=19TJ OOTUTL:fW 
fi,ISTRUlL 
=1974 OOTClR: ClLL 
ClEFR 
=197'5 OOT~· 
ImP 
A,@A 
=1976 
MlY 
STRTIf',R 
=1939+ 
tffl 
Ri, IS 1RTII' 
=1999l 
I'KJY 
1!R1,A 
=15'94 PRNT2: IftJY 
fl,STRTII' 
=2883+ 
tffl 
R1,ISTRTIf' 
=211841 
tffl 
A,I!R1 
=2900 
~ 
A..@fl 
=28!l9 
JB7 
PRNT1 
=2819 
ClLL 
~ISP 
=2811 
"11«: 
!;TRTII' 
=2816+ 
tffl 
RioISTRTII' 
=2817+ 
tffl 
A,!!R1 
=28211 
11«: 
A 
=2826+ 
tffl 
1!R1,A 
=28'.19 
JII' 
I'Ii'NT2 
=28J8 !'RNli: 
JPI' 
~ISP 
=2931 ; 
=2932 STRUTL EQU 
=2933 
OB 
=2934 
DB 
=2935 
DB 
=2936 
I.lIl 
=2937 STRroI 
EQU 
=2938 
00 
=2939 
DB 
=2948 
DB 
=21141 
00 
=21142 
00 
=21143 
DB 
=2944 
00 
=21145 
00 
=21146 
00 
=21147STRIEI1 EQU 
DB 
DB 
00 


=2048 
=2U49 
=2858 


U»I $ 
U»I(DERR(R) 
LI»I(DSIJOj) 
LI»I(DF:tJI) 
L(»I(DBPNl) 
LI»I $ 
L(»I(DIO» 
LI»I(OOO) 
LI»I(DFILL) 
LI»I(DlST) 
LI»I(~C) 
LI»I«()REU 
LI»I(DSB) 
LI»I(DCB) 
LI»I«)(i() 
LI»I $ 
LI»I(DPRIEI!) 
L(»I(OOAI£II) 
L(»I(IMI) 


; un> 
BIT PAllERN IN>IRt::CT 


;MPUT TO I£Xl ClmK:1ER POSITI~ 
; II«X 
POINTER 


; UTILITY I£SSffiE 8 fl)()R[SS 
; UllLIW 
I£SSffiE 1 Fl!lMSS 


; UTILI1'\' I£Ssra: 
2 fW:ESS 
;UTILlW I£SSOOE3 fl)l)R(SS 


;L:f1SICrotm) 
9 R£.smISE FI>DRlSS 
; IlASIC rotm) 
1 RESf'(JISEfW:ESS 


; BASICcatfIf) 
2 f<£5ro6E fl)l)R(SS 
; EflSIC COIIlN) 3 REsrolSE fOORESS 
; mslC 
WIfH) 
4 RESfUfSE ROORESS 
; BASICrotm) 
5 J:.'Esm& 
fl)OO[SS 
;msrc rotm) 
6 RESI'ONSI:fI>!.lI..iSS 
; BASICrotIH) 
'( RE5ma 
I'oOOf<[SS 


;Bff.IC rotIH) 
8 R£5mISE fl)()R£5S 


; OOTRT\'PE IO)JFllR 
9 REsrolSE fW:ESS 


; DHm T\'PE 10>If IER 1 RlSFU6E fIIOR[5S 
; MTA lYrE ImIFllR 
2 REsmISE fl)l)R(SS 
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LOC OOJ 
L11£ 
~ 
STRTEIDl 


8129 69 
=2851 
00 
L(AI(DINTm) 
; DATATYf'l /U) IFlER 3 RESPCftSEfWRESS 
812A 65 
=2952 
00 
L(AI(DI'RU!K) 
; DATATW£ IQ)IFIlk 
4 1i'(SP{HjEADDRESS 
II12S 67 
=2953 
00 
L~(OOfIJI10 
; DfiTRTYPEIQ)IFIER s ~ 
~S 
8If2C 
=2854 !;'lJ..'GOCEQU 
LI* S 
812C re 
=2955 
00 
ll*(DtOJRI() 
; EXECUTICIlIQ)l 
/U) IFII:R 11 
8120 60 
=2856 
00 
l(Al(DIa'I() 
; ~CUTICII 
IQ)l 
IQ)IfIER 
1 
812E a: 
=2857 
OIl 
ll*(OSS) 
; OCCUTICIIIQ)E /u)IFl~~ 
2 
812f" 72 
=2858 
00 
ll*(()PfI) 
; E.XI:CUTICIIIQ)E 1Q)1fIER 3 
8138 75 
=2859 
00 
ll*(DTR) 
; EXtCUTICIIIQ)E IQ) IFIER .• 
=2868 ; 
=2961 ; 
UTILITYOOTI'UTIfOSfO:S 
=2962 ; 
=2963 ~: 


8131 79 
=2lI64 
00 
811118811l 
j 'E' 
Il132 58 
=2865 
00 
8181_ 
j'R' 
813358 
=2866 
00 
818181189I) 
;.~. 


8134 5C 
=2967 
00 
81811188C 
;'0' 
9135 58 
=2968 
00 
8181_ 
j'R' 
em; 
C8 
=2969 
00 
11_ 
;..... 
=2fl19 DSGIOl: 


813788 
=2871 
00 - 


;' . 
8138 7G 
=2872 
00 
1I1118111!8 
; 'HI 
8139 GO 
=2873 
00 
81181181C 
;·S· 
81lR 79 
=2874 
00 
81111881C 
; 'E' 
813Il 48 
=2875 
00 
81_ 
j I_I 


813C 66 
=2876 
00 
81188118fl 
;'.' 
1113I)E7 
=28n 
00 
111119111B 
; "9. "(TII) 
=2878 DR\Jj: 


8131: 88 
=2879 
00 - 


." " 
I 
813f 48 
=281)1I 
00 
111_ 
;I.' 
8148 58 
=2881 
00 
8181_ 
j'R' 
81411C 
=2882 
00 
MUl88C 
j 'U' 
8142 54 
=2883 
00 
81818188C 
; 'N' 
8143 (;9 
=21!84 
00 
11_ 
i I •..• 


=28f)5 DBrm: 


8144 73 
=2886 
00 
81118811B 
;'r' 
8145 B9 
=2IIC7 
00 
18111881C 
; ·C.• 
=28fl8 surer 
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LOC CC] 
LINE 
so.RCE 
STRIDENT 


=2089 
; 
=28ge 
; 
PF:11flRYrotRI) 
REsro& 
STRI ••• f'Am.r11(.; 
=~; 
=2992 
O/U): 


9146 
19 
=2993 
ee 
91111!l91B, 991119910, 
11119109ll 
; ·ECll • 


9147 
39 
9148 
F4 


=2894 
000' 


8149 
]) 
=2895 
DB 
881111818, 
118111998 
; -GO .• 
914A DC 
=2e% 
DrILL: 


8148 
71 
=2'<197 
00 
81118881B, 
991189900, 
1111111l98B 
; ·r·lL. • 


814C 39 
8141> lIS 
=2998 
DLST: 


814E :re 
=2899 
DB 
991111l98B, 81181181f), 
111111l98B 
; ·LST.• 
1114f 60 
9159 
Fa 
=21119 ~C: 
9151 
3E 
=2181 
00 
991111188, 
81119911B, 
181118988 
j·LR .• 
8152 
73 
8153 
lIS 
=2192 
DREl.: 


8154 
SE 
=218; 
DB 
81811118B, 
8181811198, 181111l98B 
i-ON... 
11 


8155 
~ 
8156 
lIS 
=2184 
DSE: 


8157 
60 
=2195 
DB 
811811818, 
81111889(;, 
11111188B 
; ·ST8 .• 
8150 
7S 
8159 
Fe 
=21!16 tee. 


815/l 
39 
=218r 
00 
99111I181C, 991111l98B, 11111181Jf) 
; ·CUs.· 
81SE 38 
81SC FC 
=2188 
I)(J:: 


815D 3D 
=2199 
00 
991111818, 
118189888 
i"~. 
11 


81SE De 
=2118 
$EJECT 
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LOC 
OOJ 
LU£ 
so.m 
51RTElENT 


=2111 
; 


=2112 
.' 
!OoR'\' SPACE IQ)lFlER 
orTl~ 
RE5P(J/SE STRIN3S' 


=2113, 


=2114 
Dfl:tt:". 


815f 
73 
=2115 
00 
811198110, 
11811!{1OO1j 
, IIPR. 
11 


8168 
De 
=2116 
00fK1'I: 


8161 
51: 
=2117 
DE: 
818111198, 
11119111B 
; ·00. .. 


8162 
F7 
=211& ~: 


816~ 
58 
=2119 
00 
81811l991lB, 191111818 
j IIRG. 
11 


8164 
El) 
=2129 
Dfm.'K: 


8165 
(3 
=2121 
DB 
8111118118, 11111190IJ 
i ·PO. 
11 


816(; rc 
=21;(.1 ~: 


8167 
SE 
=2123 
DB 
918111188, 
111111998 
;1100,11 


816& FC 
=2124 
DINTRG: 


8169 
76 
=21~ 
DB 
811191100, 
11819991lB 
; •• 11(, 
It 


81611 De 
=2126 
; 


=2127 
; 
~5mI!>E 
1'IE5SffiE~ r~ 
GO C(H)lTl~ 
I'llDlrIE.i6. 


=212& ; 
=2129 
DIOlRI<: 


8168 
54 
=2139 
DB 
818181l41lB, 111111800 
; IINl, 
11 


816C FC 
=2131 
0IIlRK: 


81Gll le 
=2132 
00 
811111900, 
1191991198 
i 
11BR. 
11 


81GE De 
=2133 
0'';5: 


81er 
ro 
=2134 
DB 
811811818, 
81181181CS, 111111199S 
; ·SST. • 


8179 
ro 
8171 
FS 
=2135 
Df'A: 


8172 n 
=2136 
00 
81119111(), 
811111800, 
1191991j9(l 
; 1Ifl3R ." 


8173 
7C 
8174 
00 
=2137 
DTI'<: 


8175 
77 
=2138 
00 
81119111fj, 
811811~1(), 
111111l89B 
; !lAST. 
11 


8176 
GI> 
81n FS 
=2139 
; 


=2148 
SIZECIt( 


9978 
=2143~ 
SIZE 
SET 
129 
=2144+; 


=2145+; -*******-**-******_ 
••***-*-**"'*.******* 
=2154 
$EJECT 
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LOC OOJ 
1I1£ 


8OC897 
~1 
R;' 


8OC211938 
8OC4n 
88C5 C607 
8OC7Fa 
8OC8921)7 
80CA28 
8IICE)47 
80CC 28 
geCI) 39 
98CE 1S 
80CF 39 
8800 347S 
800214EC 
8004 97 
800S 84C7 


8007 FE 
900S 0312 
900A C6[~ 
900C FB 
800D OJB 
8OOf"C6ES 


9111 BR82 
88E3 2490 
99£5 C846 
9IlE7 B993 
M9 £4FS 
98EC SJ 


=2155 
COOBJU(45 
=21G&t 
~ 
192 
=2164 ; IPI'OORIN'UT DAm INTOTIIl-·BYTEPARAI£TERIllfFER III>ICATEDBYRe. 
=2165 ; 
RECEIYl IU'8:IC 
KEYSFm! KE\'BOfRI)OOIL ',' 
(j1 '. '. 


=2166 ; 
!;HIn 
INTOI~S!; 
1ltrFEf/; 
=2167 ; 
RE-~IlE 
OISPlR't'. 


=2168 ; 
IF tuKR 
fJ' mfSTfIlTS I£EDEDIS ZEro, I«l I£W PmtlltJ.'S 
ffIE lUllED. 


=2169 ; 
=2179 I~: 
Cll? 


=2171 
CPl 
=2172 
Ift)Y 
=2101+ 
IUY 
=2182+ 
IUY 
=2186 
JZ 
=2187 IIf'OO1: I(l\/ 
-aee 
JIl4 
=21l!9 
XCIi 
=2190 
SIIlP 
=2191 
XCII 
=2192 
XCII> 
=219:l 
I~ 
=2194 
XCIII 
=2195 
CfU 
=21% 
CfU 
=2197 
ClR 
=2198 
JI1P 
=2199 ; 
=22811;ll~IF1 
u: KEY=',' OR -. ' TI£N REHJ1N. 


=2'.l81 ; 
=2'l82 lLSIF1: 
IUY 
=2283 
XRl 
=2284 
JZ 
=2285 
I(l\/ 
=2286 
XRl. 


=22117 
JZ 
=2288 ; 
=2289 ; 
=2218 ; 
=2'l11 
IUY 
=2212 
JI1P 
=2213 £LSIF2: IUY 
=2214 
IUY 
=2215 
CELL 
=2216 
RET 
=2217 
SIZECIt( 
=2228+ 
SIZE 
!;ET 
44 
=2221+; 
=2222+;-- 
__ 


=2231 $EJECT 


c 
C 
fl,1UmI 
R1,~ 
fI,@R1 
ElSIF1 
fl,KEY 
I1.SIF1 
fl,1!f!8 


R 


fI,"''8 
fl,1!R8 
Re 
fl,1!R9 
IJ'DH)R 
IIf'KEY 


C 
IIf'fI>1 


fl,KE\' 
R, IKEYNXT 
ElSIF2 
R,KE\' 
R,IKEVEN) 
El!;IF2 


ELSEGOTOPERROR. 


lDATR,12 


PERRa1 
R8,1S(1JR' 
R1,13 
DWH< 
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LOC 00,] 
UN: 
~ 
STRTEI'I:NT 


8178 


8178 B93A 
817A Ci83 


817C F8 
8171>UJ 
9171 538F 
81Be 96CE 
8182 D408 
8184 F8 
8185 47 
8186 538r 
8188 9692 
8100 D400 
910C 2494 
91SE D4D3 
11198F!I 
8191 47 
9192 D4D3 
8194 F0 
9195 ()4()3 
9197 83 


=2232 
COOCBLK35 
=2242+ 
(l16 
376 
=2246 itJ'I>fll>Rlf1)AT[ fl)I)Rl;SSFIELD 
=2247 ; 
(LAST TIi:[[ 
()f~TERS 
IT- DISPLAY)WIlIl fIlOr<ESSMFEk 
=2248 LfOOOR:I'I'KJV 
N:XTPLPLUS:? 
=2259+ 
I'KlV 
k1. II£XTPL 
=2268+ 
I'IOV 
@Ri. If'LlJ<J3 
=2264 ; 
II:ITE fUlR INTONl:XTTIi:EE W'FER 
LOCIlTIOOS. 


=2'~ 
tN'OOD1:I'IOV 
A. I.iR8 
=2266 
OCC 
~'0 


=2~C( 
Fill. 
fj. terH 
=2268 
"NZ 
~l 
=2269 
DU 
I{)IS/-' 
=2270 
"JV 
r,. I.iR8 
=2271 
SIflr 
A 
=2'.'72 
flIl. 
n. terH 
=2273 
.]NZ 
I)!;f'M 
=2274 
ou 
1{)1SP 
=2275 
JI'I' 
DSPLO 
=2276 DSPIH. 
CALL 
OC..RACC 


=22T1 
DSPIIID: I'IOV 
n. flIR0 
=2278 
5WAI' 
A 
=2279 DSPIIl 
CfU 
DSPOCC 


=2'1OO DSPLO: I'ffl 
f1..@Re 
=22tl1 
all 
DSPRCC 


=22tl2 
RlT 
=22133 
SIZEClI{ 
=22C6+ SIZI: 
!ET 
32 
=2'..'S7l; 


=22S()+;**--**_****_***_**_*._**._ 
=22.97 $EJECT 
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LOC 
OOJ 
SOO1C[ STRTEl£Nl 


11198 


!119C BOO4 
!119A Br02 
019C 7401 
919E 27 
9191""117 


91Ae FB 
91A1 0317 
91A3 C6I)G 


91fl5 27 
91AC 3499 
91r.8 FA 


91119 0403 


91ffl 
B931l 
91R) 
B1fF 
01RF 14EC 
91El 
FB 
9182 
0313 
9184969C 
91B6 9429 


9292 
8936 
92&4 61 
929S 83 


9296 
er 
11297 28 
11:!98 22 


9299 
1A 


929A 11 
929(j 16 


920C 2C 


11290 2{l 
928E 2G 


9211 S5 


Lll£ 


=22'Je 
CODEDLK3S 
=2398i 
~ 
400 
=2312 
; r'ERllOR: 
ID'EAT 
=2313 
; 
OOTI'\.ITJ'£SSRGI:<PElIR(JU'Raf'Tl 
=2314 
; 
OOTI'\.IT(LOATA) 
=2315; 
ClH 
INPUUlY1E(KlI') 


=2316 
; 
OOIL 
KEI'='CLElJ</ll,:EY1OOS' 


=2317 RCRROR: ~ 
WArn, 14 
=2313 
PERROR: ~ 
XPCOOE,12 
CfU 
XPT[ST 
=2329 
CLR 
A 
=2321 
~ 
P<...I/, A 


=2322 
~ 
A, KEV 
=2323 
XRl 
fI;IKE\ 'CLR 
=2324 
JZ 
E.~ 
=2U, 
CLR 
11 


=2326 
CIU 
MUlL 
=2327 
~ 
A, LDATA 
=232il 
CIl.L 
OSPOCC 
=2329 
IftlY 
KEID[U' .I£Gl 
=2349i 
PlOY 
Rl, IKCDIlIJ' 
=2341i 
PlOY 
~1, 
HG1 
=2345 
ClH 
I NPI<.EV 
=2346 
PlOY 
n, KEY 
=234l 
Xl\t 
/l, IKE\'EI{) 
=2348 
JN2 
R[Rm/ 
=2349 
E~2: 
JPf' 
/lUN 
=2358 
SIZlCflK 
=2353i 
SIZE 
SO 
12 
=2354i; 


=23S5i; **••••*.*.**_* ••***•••***.*******_*._***••••~.'*_._ 
=2364 
; 
=2~ 
COOEIJU( 89 
=231l9i 
(J..'G 
512 


=2384 
; 11f'l1:.11 IIf'lU(:NT 
mtIH) 
=2385 
lti'll": 
PlOY 
/l, 1l~(JtI'TIlI..) 
=2386 
IIAOO 
R..BCOOE 
=2392i 
PlOY 
Rl, IBCOO[ 
=2393+ 
fI)O 
A, !!Ri 
=2397 
JII'P 
@A 
=2398 
; 
=2399 
Jtf'TBL: 
=2499 
=2491 
=2402 
=2493 


=2494 


=2485 
=2496 
=2497 
=2488 
=2499 
; 


=2419 
JTIJOO: 
JK> 
=2411 
; 
=2412 
JT(JI[C: 
CLI? 
. re 


=2119 


00 
00 
00 
00 


00 
00 
00 
00 
00 


L~(JTIJOO) 
L~(JTOOO) 
L~(JTorIU 
LOll(JT(lST> 
L~(JT(Jl[C) 


L!»I<JT(HU 
L~(C~) 


L~(CIKBR) 
L~(J~S) 


Exr,nN 


; r 9=e =) I£X FIlMlT 
001 A DIIf' 
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SCUCE STATEP£NT 
LOC OOJ 


9212 (:j472 
0214 9429 


9216 5497 
0218 9429 


821A as 
0218 95 
921C S472 
821E 9429 


9222~5 
0224 9429 


8226 8461, 


8228 Bfl89 
B2211442E 


022C IJA01 
822E 23&4 


0238 e~m 
0232 61 
l12:n Ai 
9234 F489 
8236 FB 
0237 D313 
9239 C640 
0239 14EC 


0230 O9Je 
923F et91 
0241 11838 
8243 889Il 


0245 0931 
9247 B198 
8249 14C9 
9'.i4BE6J4 
0240 9429 


LII£ 


=2413 
=2414 
=2415 ; 
=2416 J10Ra 
'cALL 
fll«CIN 
=2417 
Jrt' 
'fUN 
=241& ; 
=2419 JTOLST: CLR 
=2429 
CPL 
=2421 
Cft.L 
=2422 
Jrt' 
=2423 ; 
=2424 JTOOO: Jrf' 
=2425 ; 
=<:'426JlIf'IL 
CIU 
CMIL 
=2427 
Jrt' 
1111N 
=2423 ; 
=2429 JGORE!;:JI'F 
=2439 ; 
=2431; COI'a>'RCOItfN) TOCLEIl! BREAKPOINTS 
=2432 C!JUlR 
I9JV 
LDflTA,le 
=2433 
Iif' 
BRKrIL 
=2434 ; 
=2435 ; COIG3RC()IIlN) TOSET BIlEAKI'O 
INlS 
=2436 ro1SCR. I9JV 
LDftTA,11 
=2437 B1\'KFILI'KlY 
A,14 
=2438 
1'110O 
WP\;,n 
=2448+' 
I9JV 
~1, ITVPE 
=2449'1 
Il)() 
n, I!R1 
=2455-+ 
I'KlY 
lIId.,n 
=2459 BRKNXT:CALL 
LSTOO: 
=2469 
I'K)\I 
A,KEI' 
=2461 
XRl. 
R,IKE\'[N) 


=2462 
Ji 
EIRI(lJI) 
=2463 
CALL 
IIf'1(E\' 
=2464 
/tllII~, 
f'L1£1 
=2475+ 
I9JV 
Ri, IIUDlN 
=2476+ 
I9JV 
@Ri,1PL1£1 
=2489 
I9JV 
Re,ISIR.O 
=2481 
I9JV 
(lIRIl,le 
=2482 
ItIO'I' 
SI'ftli.ZERO 
=2493+ 
I9JV 
Ri. ISIHH 
=2494+ 
I'K)\I 
1!R1,IZERO 
=2498 
CALL 
IIf'fllR 
=2499 
JNC 
BRKNXT 
=2599 BRKE/ll lrt' 
"UN 
=2591 
5IZECI*< 
=2594'1 SIZE 
SU 
79 
=2595+; 


=2596+;*******_**********4***_****************************** 
=2515 $EJECT 


CAlL 
Jrt' 
fFILEO 
"UN 


re 
Fe 
!-FILEO 
IIIIN 
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lOC OOJ 
SIlE[ 
STATIJ£NT 


824F 


924F 85 


8259 0937 
8252 F1 
8253 9326 
82SS 3482 
9257 E831 
8259 347C 
82SB 2348 
82SD ()400 
ifS 14FC 
92E;1FA 
92(,2 47 
8263 D403 
82C5 Fn 
82(;6 D4D3 


9261) 14EC 


826A FE 
926B 9278 


1rc!6I>fA 
826E 47 
82Q' 53f9 
9271 B67S 
9273 27 
9274 95 
9215 6B 
9276 AA 
9277 F499 
8279 4459 


=2516 
COOIllI.K15 
=25J1" 
ORG 
591 
=~3S 
; DmIN 
EXII'III£I?O>IF'I' I£/G'!' 
WIfN), 


=2536 ; 
DISP\..AYSI'EIGV flOORESSSPOCE~TI (»t 
~S 
Yfl.ll, 
IN) ClJlRENTDATA. 


=2537 ; 
RE~ 
KC'l'BOORD 
fN) INTERPI':ETSRE5ma, 


=2538 ,; 
=2539 ; 
0UTf'UTJ'ES5AG[( <I'I:lU\'_SPRCE_~TI 00<SIfl)' 
=' <DRTfLBVIE» 
=2548 EXAIIIN:ClR 
F9 
=2541 EXIftl: 
Iftl\I 
A,'rw£ 
=25!l0i 
PlJ\I 
Ri, ITVI'[ 
=2551+ 
PlJ\I 
A,!!R1 
-zss 
AOO 
n, ISTRI£II 
=2556 
CIU 
OOlClR 
=2557 
..:r.' 
Re,Y../ft..0+1 
=255& 
CALL 
lJ'M)1 
=2559 
PlJ\I 
f'u 191991999EJ 
; '=' 


=~ 
ou, 
~ISP 
=2561 
CfU 
lFETCH 
=2562 
PlJ\I' 
A,lDRTA 
=2563 
SII1I' 
n 
=2564 
Cfl.l 
()c....POCC 
=25CS 
PlJ\I 
A,l\.lATA 
=2566 
CAll 
D$POCC 
=2567 ; 
=256S ; 
=2569 ,; 
=2579 ; 
=2571 ; 
=2572 ; 
=2573 ; 
=2574 ; 
=2515 ; 
=2576 ; 
=2577 ; 
=2571); 
=2579 ; 
=2589 
=2581 
=2597+ 
=2601 
=2692 ; 
=2683 ; 
=2694 ; 
=2(.95 ; 
=2686 ; 
=2687 
=2G9!I 
=2C99 
=2619 
=2611 
=2612 
=26B I:XffI5: 
=2614 
=2615 
=261(; 


LINE 


; CfFSET F~ 
FIf..'STPE~ 
lYPE 51RIIIl 


I1I'I1UEV(KEV) 
IF (K[',' IS 1(11 IU£RIC) 
IF (KEY=KEYEti»GOTO ~ 
ElSEIf 
(KEY=KEMXT) 
IOCREI£NT{SIfI) 
OOTOEXIfIIN 
ElSEIf' (KEY=KEYF'REY 
lOOS) 
OCCREI£NT(SIfl) 
OOTOEXAI11N 
ElSE GOTO~ 


CfU 
IftlY 
PlJ\I 
JB4 


IIftE'l' 
A, KEY 
f:, KEY 
EXAI'I1 


ffl'EN) DRTIlsrm {UJlHE_{J(lY» 
CIU lST~ 
GOTOEXfIIIN 


PlJ\I 
A,lDRTfl 
$IR' 
n 
f'R. 
A,19F9H 
JF9 
ElIJIIS 
ClR 
A 
CPl 
I'll 
fI)I) 
ftKEY 
PfJI 
lDRTA,A 
CfU 
lSTORE 
JIf' 
EXfI'IIJ 
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LItE 
SW\'C( STRTEI£HT 
LOC OOJ 


8278 
11313 
8270 
9681 


~7F 
9429 


82!l1 
Fa 
8282 
D312 


8284 
96SA 


8286 
34F2 
828S 444F 
828A Ft) 


82!)8 D317 


8200 
96!i3 
82I1f 
54r4 
8291 
444F 


8293 
BI193 


8295 
249ri 


811:C 
98EC I>4C2 
89EE III 
IlIlEF 83 


=2617 
; 
=2618 EXfIt1. 
XRl. 


=2619 
JNZ 


=2628 
JII' 
=2G21 ; 


=2622 EXIIt1: 
=2623 


=2624 


=2625 
=2626 


=2627 EXRIC: 


=2628 
=2629 
=2639 
=2631 


=2632 EXIIM: 


=2633 


=2634 
=2637+ 
SIZE 
=2638+; 
=2639f;**_lllt 
•• 
111114.t.t 
__ 


=2648 
; 


=2649 
COOEflK 4 
=2654+ 
fl<G 
m 
=2658 
IIf'KI:Y: CfU 
KBDIN 


=2659 
~ 
KEY, R 
=2669 
RET 
=2661 
SIZEClI< 


=2664+ 
SIZE 
SET 
4 
=2665+; 
=2666+; _ttt 
tt __ 
,.._•••••••• 


=2675 $EJECT 


R. IO(['l'EM» 


EXIJI2 


"UN 


~ 
R.KE't' 
XRl. 
R. 1ICE'l'I«T 


JNZ 
EmI3 
CfU 
It«:SIII 
JII' 
E>ftIIN 
~ 
R.KEY 
XRL 
R. 1ICE'l'ClR 
JNZ 
EXIIM 
CfU 
DECSIII 
JII' 
EXRIIIN 
~ 
LDATR.I83H 
]If' 
f'6.'R(R 
SIZECIt< 
SET 
72 


IlETU\'NSKEY DEPRESSIOOIN R 
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LOC OOJ 
UI£ 
5IXm STRTEICIT 


2676 $ 
IPnOOE( :F9: GOCaIS.10) 
=2677 
COOEBLK219 
=2697+ 
Il1G 
1924 
=2791 ; Ef'RLtl RIll IJU.ATII»l IO)E. 
=2'(92 ; 
R[1001) Er WIlII SYSTEIISTATUS1ft) RElEASE. 
=2793 ; 
SEQlEIa 
IS AS r(lLI:~s' 


=2794 ; 
IF CUlfH> 
lollS TERIIIIf1TEDBY TIE 'I£XT' 
KEY: 
=2795 ; 
SlM 
SIf1 INTOEP PC; 
=2~ 
; 
STcn 
Er PC INTOT(J'-~-STOCK 
(RlLATI'f{ 10 Er P'..w); 
=2797 ; 
PfiSS EP 1\'9; 
=2700 ; 
PASS Er f'SW; 
=2799 ; 
PASS IT TIlER; 


=2719 ; 
PASS EP IroIU.AT~ 
=2711 ; 


9489 2392 
=2712 EPRltI: 
IUY 
0.12 
9482 34ee 
=2713 
UU 
MUTL 
=2714 
mlY 
A..tuaIl 
9494 8918 
=2723-1 
IUY 
R1.~ 
9496 F1 
=2724+ 
IUY 
A.~ 
9487 9615 
=2726 
JNZ 
EPCOO 
=2729 
MlY 
£.PI'ClO.SlR.O 
114998919 
=2745-1 
KO'I 
Ri. 1SIft.0 
9488 n 
=2746i 
IUY 
A.I!R1 
94a: 
8924 
=2752+ 
IUY 
Ri. 1El'f'CL0 
948E Ai 
=275JI 
IUY 
~A 
=2756 
MlY 
ErPCIlI. Sl'll1I 
948F !l931 
=2m+ 
IUY 
Ri. ISIftlI 
9411 F1 
=2mi 
IUY 
A.I!R1 
9412 B925 
=2779+ 
IUY 
R1. IEPPCIfI 
9414 Ai 
=27991' 
IUY 
@R1.A 
9415 FE 
=2783 lrroIT: 
IUY 
A.m' 
9416 D312 
=2784 
XRL 
A..IKEYNXT 
9418 C61F 
=2785 
JZ 
EPCOO. 
941A 2J91 
=2?86 
IUY 
A..191H ; STOCK!H: LEVEl.DElP TO lID 
lI!l:k SHl:l 1NlROORESS 
=2787 
MlY 
EPPSW.R 
941C Il921 
=2899i 
I(JY 
Ri. IEPPSII 
941E Ai 
=2OO1i 
IUY 
lIR1,fl 
=~ 
EPCON1: MlY 
LDATA..EPf'Cl0 
941F 8924 
=2821+ 
IUY 
Ri. 1EPF'Cl0 
9421 F1 
=2822+ 
IUY 
A.I!R1 
9422 AA 
=2S35i 
I(JY 
LDATA..O 
=2IJ:ro 
1ft)\' 
R.EPPSW 
9423 Il921 
=2847+ 
KO'I 
k1.1EPPSW 
9425 F1 
=2ll48+ 
IUY 
A.I!R1 
9426 97 
=2852 
DEC 
A 
9427 5387 
=~ 
fH. 
R.I97H 
9429 Er 
=2854 
kL 
A 
942fi 9398 
=2C55 
/l)() 
A..19OH 
=2856 
1ft)\' 
SlR.O.O 
942C 0919 
=2869+ 
IUY 
Ri.1SIR.0 
942E Ai 
=2879+ 
IUY 
@Ri.A 
942F F4C3 
=2874 
CfU 
ErSTIJ: 
=2875 
IUP«: 
SlR.O 
9431 !l9J9 
=~ 
lIlY 
RLISIR.Q 
9433 F1 
=2881+ 
IIOY 
A..1!R1 
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SOOlCE STATEIl.NT 
LOC 
OOJ 


9434 
17 
9435 
At 


9436 8921 
9438 Ft 


9439 531'8 


9438 
B92:I 
9431> 41 
84JE fYl 
9431' F4C3 
9441 
8SD1 
9443 746A 


94458923 
9447 F1 
944C f4D8 


944R 8921 
944C F1 
9441) F400 


944F B922 
11451 F1 
9452 
F4D8 


9454 B928 
9456 n 
94!l7F4D8 
94598983 
9451.1F400 
94s[) 74SR 
945F 846B 


9461 
2382 
946J 
3488 
946S 8918 
9467 
74SR 
9469 
99Ef 


94al 
Bm 
94Q) 1'1 
946E 8371 
9478 
&3 


9471 
7C 


LII£ 


=28&5+ 
11«: 
=2898+ 
/UI 
=2B93 
IIIlY 
=2982+ 
If1t' 
=2983+ 
If1t' 
=2987 
fit. 


=2988 
IQl 
=2914+ 
,1f1t' 
=2915+ 
0F.l 
=2919 
If1t' 
=2928 
CfU 
=2921 mm: 
I'm 
=2922 
CfU 
=2923 
IIIlY 
=2932+ 
If1t' 
=29I~+ 
fIN 
=2937 
CILl. 


=2938 
IIIlY 
=2947~ 
If1t' 
=2948+ 
If1t' 
=2952 
cu, 


=2953 
IIIlY 
=2962+ 
If1t' 
=2963+ 
If1t' 
=2967 
CfI.L 


=2968 
IIIlY 
=2977+ 
If1t' 
=2978+ 
I«JY 
=2982 
ou 
=2983 
IR 
=29C4 
CfI.L 


=2985 
cu 
=2986 
JIt' 
=2987 
; 
=2988 
; mG:R 
GO 1l.9I RESET CtJIRt) 
=2m 
; 
RESET PROCES~ 
=2998 
; 
REl..(R) LIJoI (J!()[R PROORRI'IIl\'1B 
INTO ~ 
I'EIG!Y 


=2991 
; 


=2992 
mG:R: 
If1t' 
=2993 
aLL 
=2994 
IR 
=2995 
CfI.L 
=2996 
All. 


=2997 ; 
=2998 
; 
=2999 
; CGO 
=l888 
; 


=J881 
; 
=3882 coo: 
=3811+ 
=J812+ 
=3816 
=3817 
=3818 ; 
=3819 
GOTBL: 
00 


A 
@R1,A 
A,IJ'PSW 
~IEPI'SW 
A.@R1 
A.'-III 


A. EPf'OiI 
Rt, IEf'PCIII 
A,@R1 
LDRTfl,A 


EPSTIR 
~, 
1I.1JoI(OY2BAStOYSIZE) 
0Yl(R) 


A. EI'R8 
Id, I£PR9 
A.~ 


EPPflSS 


A. Ef'PSW 
Ri. IEI'P5W 
A,@R1 
EPPflSS 
fI, Ef'T1111 
Ri. IEf'T1I11 
A.@R1 
Ef'f'f'ISS 
A,(f'OCC 
R1, IEf'1lCC 
A,@R1 
lPPASS 
PL I8e888811B 
EPSTEP 
0YSIff' 
eGO 


A. 12 


OOlUTl 
PLIEPNl 
0YSIff' 
pt, I<I«IT Ef'RSET> 


SET lJ' BREAKLOOIC FIJi: fl'PR(J'RlATE 
m:AI( 
C(N)1TI(JjS, 
DEPIJI) 1Nl (»j COOENTS IF 
'TWI:'. 


A.lWE 


Ri.ITWE 
A.@R1 
A. II.IJoI GOTIl. 


l'fI 
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LOC OOJ 


AP·55A 


8472 76 
8473 00 
8474 76 
8475 00 


8476 99fD 
!l478 E'J81 
847A 8482 


847C 99rC 
847£ 8482 


84SA F4AC 
948C F4ff' 
848E 37 
94Sf" Fm 
8491 8699 
8493 OOJA 


8495 B480 
8497 8483 


8498 8937 
8490 n 
849E 1l3A1 
84A9 ll3 


84A1 A6 
Il4A2 BA 
1l4A3BA 
84fI4 fJI 
Il4A5 f¥I 


Lll£ 
SCOC£ STATEI£NT 


=3828 
=3821 
=3822 
=3823 
=31124; 
=3825 CG(J>flT: 
=302C CGOI(l: fK. 
=3827 
M 
=31f28 
JII' 
=3829 ; 
=3938 COOIl: 
fK. 


=3831 
JI'f' 
=3832 ; 
=:nm CGOTRA: 
=3834 CGOSS' IJ:l 
=3835 ; 
=3836 ; Ef'RIJ+4 5[1 LI' C(WTR(J..LOOICTO RIll USER'S ~. 
=38J7 ; 
F-'ElEASEPF:OCESSIJ1TO I<tIi 
=38J8 ; 
=3839 EI'RIJM: £A::l. 
=3848 
fit. 


=31141 
fK. 


=:s842 
CfU 
=3843 ; 
=3844 ; 


00 
00 
DB 
DB 


L(»I(CG(Nl) 
L(»I(CGOSS) 
L(II(CG(fAT) 
L(II(CG:lTRA) 


Pi, II«)T 1l8II999118 
EPI1ltl4 


1>2, 1981eeeeee 
F'2, II«)T 8Il{j18099S 
Pi, II«)T IQ)OOT 
m~EL 


; DISIIll 
EP LIlt< RlJ'ERElaS. 
; SET ALLr<Ef'EREN15 TO RIll ~. 


=3845 ; 
=384G [PRltl1: 
CfU 
=3847 
ou 
=3848 
crL 
=3849 
JB7 
=3858 
JNI 
=3851 
JII' 
=3Irl2 .; 
=3853 ; EI'RlM 
11 KE\'STROO:IfI5 DETECTEDIIHLE IJ' IfI5 R\MII«i. 


=3854 ; 
!!REil( EXl:ClfIIIlI, 


=385S ; 
PmCESS KE'r'STROO:. 
=3956 EPRlM: 
CALL 
STSIM: 
=395i' 
JIf' 
~ 
=385e ; 
=3959 ; El"I\'IK1III EIfIllED 1lI!EII(COOITIIlI 
0CCI.mD. 


=39C0 ; 
IJI;.'EII{ou.r.TIIlI 
IQ)[, 


=3861 ; 
COOlIf.f 
~II«i 
TO GOWIfM) TYI'E. 


=38(;2 El'RlI/2 
CfU 
STSIM: 
=39C3 
IftJ\I 
A,n'f'E 
=3872i 
110\I 
Ri,'TVPE 
=3973+ 
110\I 
A,@R1 
=3877 
FIlO 
f!, IL(»I CNTTIll 


=3878 
JI'IPP 
(ifI 
=3879 ; 
=3888 CNTTBl: DB 
=3881 
00 
=3882 
DB 
=3883 
00 
=38&4 
DB 
=3(j()5 ; 


L(»I(1lF.'KERR) 
L(»I(EI'RtIf;) 
L(»I(Ef'IDj6) 
L(»I(CNTTRR) 
L(»I(CNTTRR) 
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LOC OOJ 


84A6 BRee 
84IlB 249R 


&4AA cm 
940C F1 
94/f) 94F2 
94ff 
F4IF 
84Il1 F241 


8483 14EC 
84&S FB 
94Il6 D313 
8488 %C7 
940A 14EC 
848C FE 
94IlO D312 
84tf 
%C7 
94C1 2382 
94C3 3488 
94CS 8441 


94C7 8433 


=3886 ; ~ERJ: 
BREAKPOINTLATCHIllS SE'I Tlo.G: 
BW1KPOINlS I«IT ENABLED. 
=3887; 
DISf'LAY~ 
~U1I£SSOOE. 


=:l9S8 ~: 
ICY 
LDfITA,IOOH 
=J939 
JIf' 
[U'R!JI 


=~; 
=3991 CNT"rnA:/lIlY 
=3188+ 
ICY 
=3181+ 
ICY 
=J185 
CfU 
=3196 
CIl.L 
=3197 
JB7 
=3198 ; 
=3199 ; Ef'RIH) 1t"UHKEY), 
=3119 ; 
rr KEY=OOGO TO PfV..{R, 
=3111 ; 
IIf'UT KEY, 
=3112 ; 
IF KlY()I£XT 00 TO F'fI&R. 


=3113 ; 
COOTIIU. IN SM 
IO>E. 


=3114 ; 
=3115 EI'JrtKi: CfU. 
=3116 
ICY 
=3117 
XRL 
=:"1118 
JNZ 
=3119 EPRtJj6: CfU 
=3129 
ICY 
=3121 
XRL 
=3122 
JNZ 
=3123 
ItlY 
=3124 
CfLL 
=3125 
JIf' 
=3126 ; 
=3127 ; rn::ET 
=3128 ; 
=3129 EPRET: 
=3138 ; 
=3B1 
SIZECIf( 
=3134+ 
SIZE 
SET 
281 
=j1J5+; 
=31JG+;__ 
*_•.•__ ••.•••.•• 
t •••••••__ 
•••••••••_ 


=3145 $EJECT 


LII£ 
SIlJ/CE STATElENT 


R,I)<~T!" 
Ri. IDSF'T!" 
ft~ 
DElAY 
KIlI)f'{L 
EPCNT 
; Br SET IlI>ICRTES1«1KEYSTR!I<E 


IIf'KEY 
It ID' 
It IKlYEND 
f.f'REl 
IIf'KEY 
It KrY 
It IKEYNXl 
ll'RET 
It .2 
OOTUTL 
Ef'CNT 


EXECUTI~ IO>E IS TO BE TERIIltflTED. 
JtIf' 
IN10 I'ARS£RTO INTm'RET ID' fLREIDYDETEC1[l). 


JIf' 
'.UN2 
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LOC 
OOJ 
L11£ 
s(u({ 
SlATEI£NT 


=3146 
COOEBlK 115 


Il599 
=3171+ 
~ 
1288 
=3175 
; STSAYE EP STATUS SAVE ~T1I£. 


=3176 
; 
FIE[ 
ou TO LOC 91411; 


=3177 
; 
SAVE EP OCC; 


=3178 
; 
5fN[ 
Er 
TJI£R; 


=~179 
; 
~ 
Ef' PSII; 


=3188 
; 
SIM 
EP 118; 


=3181 
; 
SA'IE EP T(F-(f" - STfa 
IN EP PC; 


=3182 
; 
I<EllJ!N. 


Il599 
7441- 
=31S3 
STSAYE: 
CIU 
EPERK 
• 


IIS92 2393 
=3184 
mv 
A, .3 


8S04 
3488 
=3185 
all 
OOTUTL 


9506 
745/l 
=3186 
CfU 
0YSIIl' 


eses 
BSSf· 
=3187 
mv 
1.:8,1L1lI( !MIlRS+OYSIZ[) 


8S9fl 
746A 
=31S8 
CfLL 
(MOOI) 


esec 
IlfI28 
=3189 
!R 
P2, 188198800B 


IlS0E 2314 
=3190 
1'Kl" 
A,11411 


9518 
91 
=3191 
I'UIX 
lifd., A 


8511 
9fI)F 
=3192 
AN.. 
P2, II«)T 
891888898 


8513 
8983 
=3193 
(R 
pt, 1888888111l 


9515 
F4DB 
=3194 
ou 
ErSTEP 


9517 
0021I 
=3195 
In 
P2, 1881888898 


85199fU 
=31% 
RIt. 
f'2, INOT 88818881lC 


8518 
S983 
=3197 
!R 
pt, • ([ImII 
(J: ENll.N() 


8510 
F4DB 
=3198 
CALL 
E!'STEP 
=3199 
; 


=3288 
; 
£.XECUTI~ 
PROCESSIJ: 
I S HIlI AT LOCOTICII 8891: 
INTERIft. 
III TH 


=J281 
; 
(RETll'N 
f1)f)R£SS+2) 
PUSlED 
~ 
STIO(. 


=3282 
; 


851F 
BIlAS 
=:s283 
mv 
Re, ILIlI(OV38f1S-IWSIZE) 


8521 
746f1 
=3284 
CALL 
ovum 
8523 
F4D8 
=s28S 
CALL 
IJt'AS5 
=32116 
PIIIOV 
EPOCC,fl 


8:i2S 
B928 
=3219-1 
mv 
k1,1EPfU 


8527 
Ai 
=Q28-I 
I!OV 
@Ri,R 


8S2S 
F4D8 
=3224 
CIU 
Ef'l'ASS 


=3225 
~ 
EPTlIf<.. A 


8S2A iI922 
=3238+ 
Im 
RLICPTIIti: 


8S2C Ai 
=3239-1 
mv 
@Ri,A 


852f) 
F400 
=3243 
Ul.L 
EPPAS5 


=3244 
Ift1V 
EPf'SII, A 


8S2F 
Bm 
=3257-1 
I10Y 
Ri, IEH'SII 


8531 
Ai 
=~!)-I 
I!OV 
lIR1., A 


9SJ2 
1"400 
=3262 
au 
tI'PflSS 
=3263 
IftJV 
EPR0,A 


8534 
B923 
=3276+ 
mv 
RLIEPR8 
8SJ6 
Ai 
=3277+ 
mv 
@Ri,A 


8537 
C8IlB 
=J281 
I'lJY 
Re, 1L1lI( OV1BAS·fOVSIZE) 


8S39 
746A 
=3282 
Cfl.L 
OVLtro 


=J2S3 
Ift1V 
R, Ef'PSII 


8:i38 
E921 
=3292+ 
mv 
Ri, IEPP5II 


85JO 
F1 
=3293-1 
mv 
A,M 


1IS3E 97 
=125)7 
DEC 
A 
953F 
5J87 
=3298 
AN.. 
A, 19711 
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lOC ~ 
lll£ 
SQR:E STRTEI£HT 


11541E7 
=3299 
Ri. 
R 
115428388 
=3388 
fI)I) 
11.18811 
=3381 
IIIJY 
SM.O,R 
~B938 
=3l14+ 
lIlY 
~ISM.O 
II54G Ai 
=3315+ 
lIlY 
MR 
11547F487 
=3319 
C1U 
EPFET 
11549e3fE 
=3329 
fI)I) 
It 1-2 
11548III 
=3l21 
lIlY 
llIfI1A.fI 
=1:122 
IIIJY 
EPPClO,A 
II54C 8924 
=33l5+ 
lIlY 
~IEPPClO 
854E Ri 
=3336+ 
lIlY 
@RLA 
854f F4C3 
=3348 
C1U 
EPSTIR 
8551 B938 
=3341 
lIlY 
RLISM.O 
8553 11 
=3342 
It«: 
I!R1 
8554 F'487 
=3343 
CfI.l 
EI'fET 
8556 III 
=3344 
lIlY 
lDfITIt n 
8557 5lF'8 
=3345 
IN. 
It 1111188888 
8559 2R 
=:n46 
XCIi 
It lOOTA 
855fI 13FF' 
=3347 
fI)I)C 
A,1-1 
855C 5J8F 
=3348 
AN. 
It 1888811111I 
=3349 
IIIJY 
El'PCHI,R 
855E Il925 
=3362+ 
lIlY 
~ 
I£.PI'CHI 
8568 Ri 
=3363+ 
lIlY 
@RLA 
8561 4R 
=3367 
(Rl 
A,lDfITR 
8562 III 
=1:168 
lIlY 
lDfITA,fI 
856l F4C3 
=3369 
CfI.l 
EPSTIR 
8565 Il825 
=3378 
lIlY 
F:\l,IEPPCHI 
Wj67 347C 
=3371 
CfI.l 
lfI)fJ)1 
85692348 
=3372 
lIlY 
It 1818II888I!B 
; "-" FIR DISPlAY 
~D400 
=337J 
cu, 
IIIISP 
8561) B829 
"3374 
lIlY 
J(8,1[ffU 
856F 3498 
=3375 
Cfll 
DSI'IIID 
8571 C3 
=3376 
~ 
=3377 
SIZECH< 
8872 
=3388+ 
SIZE 
SU 
114 
=3381+; 
=3:182+;•• __ 
*•••••• _ 
••• 1111 •••••••••••••••••••••••• 
11 ••••• 


=3391 SEJECT 
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intel· 
AP·55A 


lOC 
OOJ 


8297 


8297 34CI) 
8299 D31J1 
829B ca:8 
829D 031J1 
929F 03JA 
82A1 9697 


82fU 0088 
Il2A5 14r8 


82117C941 
82fl9 A1 
II2ffI 14r8 


82R: B9J1 
Il2fE A1 
II2fF 14r8 


82C1 B9J8 
82f)3 fI1 
II2B4 14f8 


821169942 
82S8 A1 


82f)9 9941 
8288 F1 
820C CCCC 
82BE 14F8 
82C8 f¥I 
82C1 r488 
82C3 341'2 


82C5 8941 
82C7 F1 
82C!I 87 
82C9 A1 
82CIl 4489 


82CC 34CD 
82C£ 0331· 
82D8 C6DB 
82D2 D33F 
82D4 34BA 
82D6 14F2 


LII£ 
S!Xm 
STATEI£NT 


ItnOOE( H:IFIlE.ID» 


EQU 
80H 
[00 
8fIl 


EQU 
1fll 


3392 $ 
=3393 CIfl!CR 
=3394 ClmF 
=3395 CNTRlZ 
=3396 ; 
=3397 
COOEBlK88 
=3412+ 
(llG 
663 
=3416 ; IIRECINIEXFlLE RE~ 
IIf'IlT ROOTII£ 
=3417 Ift:CIN: 
CIU 
OR:IN 
=3418 
lGa. 
A.1CNTRlZ 
=3419 
JZ 
001£ 
=3428 
xn. 
A.ICNTk'lZ 
=3421 
XRl 
A.I(': 
') 
=3422 
JNZ 
Ift:CIN 
=3423 
ItllY 
IRSUI. ZERO 
=3428+ 
If1I 
Cfl(SIJI.IZERO 
=3432 
ou, 
DYTEIN 
=3433 
IIlN 
BlfCNT.A 
=3446+ 
If1I 
R1.I8lJCNT 


=3447+ 
If1I 
@Ri.A 
=3451 
CIU 
EYTEIN 
=3452 
IftlV 
SIfIII. A 
=3465+ 
If1I 
~1.ISIfIII 
=3466+ 
lIlY 
@Ri.A 
=3478 
CfU 
BVfEIN 
=3471 
IftJY 
Sl'RO. A 
=3484+ 
If1I 
Ri. ISIR.O 
=3485+ 
If1I 
I.IR1.A 
=34C9 
Cfl.l 
IlYTEIN 
=3498 
IftJY 
~CTVP. A 


=3583+ 
If1I 
Ri.IREC1W 
=3584+ 
If1I 
@Ri.A 
=3588 ; 
=3589 ; II>flTINI£X DATABYTEIN 
=3518 fl>ATIN: IftJY 
A. BlfCNT 
=3519+ 
If1I 
Id.IBlfCNT 
=3S28+ 
If1I 
A.@Ri 
=3524 
JZ 
k£CIX»l 
=352S 
CfU 
BYTEIN 
=3526 
If1I 
lDATA.A 
=3527 
cu 
LSTORE 
=3S28 
CIU 
II«:SIfl 
=3S29 
II)£C 
W'CNT 


=3534+ 
If1I 
11:1.IBlfCNT 
=353S+ 
If1I 
A.@Ri 
=3539+ 
DEC 
A 
=3S44+ 
If1I 
1!111,A 
=3547 
JIf' 
II>flTIN 
=3548 ; 
=3549 RECIX»l:OH 
=3SS8 
XRl 
=JSS1 
J2 
=3552 
xn. 


=3553 
CfU 
=~ 
CfU 


CIflRIN 
A.I('?') 
Ci(SIO< 
A.I('?' ) 
NIBIN2 
B'1'TEI1 
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; SWITCHBOO( TO DATACIR10CTER 
; JOIN Sla'OOl 11£ ~' 
IN PRWlESS 
;DInO 


1-127 


• 


AP·SSA 


1I1E 
SIXm 
STATrlI:NT 
LOC OOJ 


8200 F1) 
821>9%El 


8200 8942 
8200 F1 
82DE C697 


82E8 83 


82£1 IIR9C 
82E3 24911 


88f8 


88f8 3488 
88f2 47 
88f3 If! 
88f4 3488 


88F6 4Il 
88F7 If! 
88F8 ro 
88F9 ro 
88FA FA 
88FB 83 


II1D8 34C1> 
81BA83C6 


810C E6(;2 
81BE 831'9 
81C8 E6C9 


; (RE.SllT F!J1 lOt- '?' Clff:ftTERS IS AS If 
; 
IlYTEINIflS CfUED_) 
=~ 
=J55G 
=3557 
IftlY 
=3573i- 
IIOV 
=~ 
JNZ 
=357C CKSIO<: PlJP 
::3587+ 
IIOV 
=358C+ 
I'ff~ 


. =3592 
12 
=3593 ; 
=35S4 ; I)(J£ 
I£X f lLE cm;:(CTLY Ii'ECEIYED 
::3S95 I)(J£: 
RET 
=35% ; 
=3597 ; OI<ERRCl£CKSIJIEkR!J1IN IIf'UT R[C!J1DDETECTlD 
::3598 CI«ERIr::IIOV 
LOOTn,teCH 
=3599 
JIf' 
F'l~ 
=3688 
SIZECli{ 
=3683+ 
!;IZE SET 
78 
::3684-1-; 


=3685+; •.•---- 
=~14 
; 
=3615 
COOE/lLK12 
::3628+ 
t11G 
248 
=3624 ;Ert'TEINME 
IIf'UT ~II£_ 


=3625 ; 
RECEIVES00 I£XIDECIIft. O~T&'$ 
FIM lIE TfI'E IIf'UT DEVICE 
=3626 ; 
IN) ASSIJtlLES TI£II INTOA SItal 
BYTl OF DflTA. 


=3627 B\'lEIN: ClU 
NIBIN 
=3628 BYTE11:!loIf' 
A 
::3629 
IIOV 
LOOTA,A 
=3638 
CfU 
NIBIN 
=3631 
Iml. 
LOOTfl,A 
::3640+ 
(J1l 
fl,LDflTA 
=366&+ 
IIOV 
LDfITfI.,A 
=3664 
f()I) 
fI.,OIl(SlII 
=3665 
IIOV 
OI<SlII, A 
::3666 
IIOV 
A,LOOTA 
=3661 
RET 
::3668 
5IZEOI< 
=3671t 
SIZE 
SET 
12 
=3672+; 
=3C73t; __ 
• 
•.• 
_ 


=36112; 
=3683 
COOEIIIJ(~ 
=3693+ 
!J:G 
448 
=3697 ; NIBIN RECEIVESA IEXIOCCIIft. CIfllACTERIN) PROOOCESA IflSKEDreo 
BIT YfLLE 
=3698 ; 
t«lTE-· ERR(J1ClECKII«i ()(K TO YERIrYI£XIOCCHfl. YAlIDIT\' 
=3699 NIBIN: 
ClU 
OAUN 
=3789 NIBIN2: fllI) 
fl,1-3fIl 
::3781 
=3782 
=3783 
=3784 
=3785 ; 
=3786 ; 
=3787 ; 


A,OI<SlII 
A,OI<51," 
CII<ERR 
fl,I.{CTYP 
Ri, MCT\f 
A,@R1 
IftCIN 


; f.:C=8F6-11FFF(J1 ClHlR:TtRS '8'-'9' 
; omlCTERS 
) '9' 
PROOOCEOYEkfL~ 
Num 
A,I'-7 
ASCIJ:R 
; ACC=&--5F!J1 OH!ACTlRS 'A' -'~' 
;ET<RIJ:IF ~TER 
BE11EEN'9' 
IN) 'A' 


ACC=8F6IHI5HFIJ: CIIRlCTERS '8"-'F' 
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intel· 
Ap·SSA 


LIIE 
swn STRIDENT 
LOC OOJ 


81C2 83rR 
81C4 8318 


81C6EE;C9 
91C8 83 


81C9 !8!A 
81CD 24911 


8915 


81C!> 


81(;0 1>449 
81CF 537F 
811>183 


; ACC=9FIIHIfFH F (J< CIff<OClERS '8' - 'F' 
;ACC=88IH!fl1 Fm ~TlRS 
'8'-'F'; 
; OYl~UII 
IF rIIO'YEIS TRII.. 


=3788 NIBn: 
It)!) 
=J789 
It)!) 
=3718 
=3711 
=3712 
=3713 ; 
=3714 ; fl'"..ca'R 
ILLEGIl. I£XIDECIIft. CllIROCm I\'£C£IYED 
=3715 ASCERR~ !Ut' 
LDATA.I8ffl 
=J716 
JIF 
f'ERR(I! 
=3717 
SIZEOI( 
=37211f SIZE 
SET 
21 
=3721i; 


=3722+;-*-****••*-* ••-*-**-*••*-*****-- 
=3731 ; 
=3(32 ; 
=3733 
COOEIllK5 
=3743+ 
mG 
461 
=3747 ; CI~IN 
~TER 
IIf'Ul ROOTI1£. 
=3748 ; 
REC£I'f{$ tt£ ASCII CIR10CTERFm! 11£ LOOICfl ~'[fOO! DEYI(;E. 
=3749 CHARIN:CfU 
CIN 
=3758 
IM.. 
A,I7FH 
=3751 
J([T 
=3752 
$12£01( 
=3755+ 
SIZE 
SH 
s 
=3756+; 


=3757+; *••***-**--••***----*- 
••*-- 
=3766 ; 
=3767 ; 
=3768 $EJECT 


JI«: 
RET 
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infel· 
Ap·55A 


1I1E 
sam STATEI£NT 
LOC 00.1 


11572 


ffJ72 8931 
8574 (71 


8575 89JS 
8571 Ai 


ffJ7I) 8939 
85711 Ft 
8578 8934 
9:>7D Ai 


857E EOO9 
8589 B86S 


8582 14FC 
8584 FA 
85&5 AB 
8586 18 
8587 B4E2 
8589 E696 
958B 34F2 
eseo FB 
~ 
9388 
8599 E682 
8592 D489 
9594 A472 


85% 
D489 
95SS 1l6Il7 
859fl 3402 
959C fJ8AE 
959£ F8 
8591' m 
85A8 CGA7 
95A2 B4IlI) 
85A4 18 
95A5 A49E 
9SA73402 
85A9 231R 
95fIj 
C4BD 
Il5fl) 83 


=3769 
COOCBLK1118 
=3794i 
C»IG 
1394 
=3798 ; If"lLEO I£X FILE OOTPIITSIJlRUJTIIE 
=3799 ; 
liEN 
ClUED 
WITH F9=0 OOTPIIT IS STfH)f11D I£X FILE F~T. 


=3890 ; 
IliEN CALLEDwm: F9=l 
OOlf1JT IS Fm1AlTED 
DATA0lJt' TO CRl 
=3891 If"ILEO 
MJY 
I£,tfl, 
SIftlI 
=:ro17+ 
I«)Y 
Rl, t<"JftlI 
=3S1&+ 
lUll 
n, !!Rl 
=3S24i 
I'llY 
Ri, II£Itfl 
=3825+ 
I«)Y 
1!R1,A 
=382tl 
MJY 
1£1I.0, SlR.O 
=3844+ 
I«)Y 
Rl, ,Slft.O 
=3!)4Si· 
PUt' 
A,~1 
=3851" 
I«)Y 
kl, 11£11.0 
=3852+ 
I«)Y~, 
A 
=~s 
MJY 
Cl«SLtI, £ERO 
=3868+ 
I«)Y 
Cl«SLtI, 'ZEro 
=3864 
I'llY 
RI!,If£XBlF 
=3865 ; 
=3866' 
LDB\'TE LOO) IElIT BVTE FJ<a! 1£101\' 
INTO lEX BlFFEr.: 
=3867 LOOYTE: DU 
LFETCII 
=3868 
")'1 
ft, LDATA 
=3869 
I«)Y 
1!R9,A 
=3879 
INC 
R9 
=:ro71 
CfU 
CII'IIlS 
=3S72 
JNC 
Ell)fIL 
=3873 
CPU 
IIU.>Ifl 
=3874 
If:N 
A, R9 
=3875 
~ 
A,,. (IllRI:N+I£XIllf) 


=:ro76 
JNC 
LOO't'TE 
=3877 
CALL 
HRECO 
=3871) 
JPI' 
If" ILEO 
=3879 ; 
=3S88 ,[lUlL 
00 I£X FILE TRAN9H~SION: 


=3881 , 
PRINT OOT BlFFER F(J: LAST DATARECOO> 
=3882 ; 
PRINT OOT CIN£I) 
'EN)-{l'·-FlLE' 
RECOO> 


=3SC3 ; 
REHJ(N. 


=3884 EN>FIL: 
CALL 
=:roBS 
JF9 
=38CG 
CALL 
=3887 
I«)Y 
=Jre8 
[tu 
1 : 
I«)Y 
=3S8S 
IllYI' 
=3899 
JZ 
=3B91 
cu, 


=3892 
INC 
=3893 
JIf' 


=3894 1FllIH: 
CALL 
=3895 
I()Y 
=3896· 
CALL 
=3897 
RET 
=3898 ; 
=3S99 ; EOFRECCI60CTER 
SkTH¥.i F~ 
lfH£D 
EN>-OF-fILE 
R[COO) r(J: 
=3998 ; 
INTEL lEX rILE 
FtlMlT 
STfN)AR(). 


=3981 EOFREC: 00 
' 
:99999991Fr' 


IH:CO 
1fW£ 
TCRlFO 
~'9, I(L~ 
EOFREC) 
A,Re 
n,@fI 
Ifl)(J£ 
ClflRO 
RI! 
[N>fl 
TCRLFO 
R, ICNTRLZ 


CIflRO 
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1-130 


infel· 


LOC reJ 


Ap·55A 


85B2 38383838 
85B6 38314646 
95IJA98 


8849 


Il688 F8 
8681 9398 


9693 8941 
9695 Ai 
969(; 341)2 
9G99 2328 
969A B4ro 
869C 0617 
969E 233A 
9619 Il480 


9612 8941 
9614 F1 
8&15 3400 


9617 8935 
9619 Ft 
961R 340B 


961C 8934 
961£ Ft 
8&1F3408 
9621 B62tl 
9623 27 
9624 3408 
9G2(;C42C 
IlC2C21ID 
Il62RB4BD 


Il62C El865 
962C 8632 
8638 C436 
8&322328 
9634 E4BD 
8&36 r9 
8&37 3400 
8639 1e 


963A 8941 
963C F1 
8&3D97 


LII£ 
SWi'CE STRTEl£NT 


;00 (J" STRIIIl COO[BVTl 
=3982 
=3983 
=39Il6~ 
=3987+; 
=3988-1;__ 
**_. 
_ 


=J917 ; 
=3S1S; 
=3919 
COOEBlK99 
=394!1+ 
lJ.'G 
1536 
=3953 ; fl![CO IEXlDECllft. RECOO>OUTPUTSEQWa. 
=3954 ; 
lEX BlfF£R RLREfI)'t'L!RlEI). 


=3955 fl![CO: 
I«JY 
R,Re 
=3956 
AOO 
R,1-1£XIllF 
=3957 
IftJY 
W'CNT,R 
=3979+ 
I«JY 
RL I8lfCNT 
=39W 
PIJY~, 
R 
=3975 
CALL 
lCRlFO 
=397& 
I«JY 
fI,I' 
, 
=3977 
CALL 
CIft10 
=3978 
Jf 11 
F'DlIf'1 
=3979 
IIJY 
fI,I' :' 
=39fl9 
CALL 
CIB:O 
=:-s981 
IftJY 
fI,ClfCNT 
=3998+ 
IIJY 
RL I8lfCNT 
=3991+ 
I'IJY 
fI,M 
=3995 
CAll 
IJVT£O 
=3996 F'DlIf'1: IftJY 
fI,I£IJII 
=4895+ 
I«JY 
Ri, II£ltH 
=4886+ 
IIJY 
fI,@Ri 
=4919 
CALL 
B\'TEO 
=4911 
IftJY 
fI,IEIl.O 
=482&f- 
I«JY 
Ri, IIEIl.O 
=4821+ 
IIJY 
fI,@Ri 
=4825 
CAll 
BVTEO 
=4826 
Jf 9 
FDlIf'2 
=4827 
CLR 
R 
=482!) 
CAll 
BVTEO 
=4829 
JII' 
DATO 
=4938 FDlII'2: I«JY 
fI,I' =' 
=4931 
CAll 
CIB<O 
=4932 ; DATO DA1A IlJTPIJT 
=4933 DATO: IIJY 
f<1j, 11EXBlf 
=4934 DAT01: Jr9 
F'DtIf'5 
=4935 
JII' 
fDUl'3 
=4936 FIltIf'5: IIJY 
fI,I' 
, 
=4937 
CAll 
CIft10 
=4938 FDlW3: IIJY 
fI,@Re 
=4939 
CRLL 
BVTEO 
=4849 
IN; 
R9 
=4941 
II)JNZ 
BlfCNT,DAT01 
=4846+ 
IIJY 
Ri. I8lfCNl 
=4947-1 
IIJY 
A,@Ri 
=4951+ 
DEC 
R 
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DB 
9 
SIZECH< 
SIZE SET 
73 


1-131 


81D2 


81D2 2381) 
9104 C4IlO 
81D6 238fl 
91D8 B4BD 
9100 B3 


9100 IV-: 
910C 61) 
9100 fI) 
911)[ FA 


91J)f 
47 
e1E1IB4CB 


91E2 FA 
91EJ 
B4B8 
91[5 83 


91[6 


91E6 5J1lF 
91E8113f6 
91EAF6EF 
91EC 113JA 
91EE 83 
MEr 9341 


=4893+; 
=4894.;-_- 
••••• 
1111111••••• _ 
••_- 
=41113; 
=41114 
COOEIlJ(9 
=4114+ 
IJ!G 
4G6 
=411C ; TCRLFOTfI'E (Cf()<lF) OOTPUT 
=4119 TInf'O: 
I«lY 
A, ICIB.'CR 
=4128 
CfU 
CIR!O 
=4121 
I«lY 
fl,IOR<lF 
=4122 
eu, 
CIfI!() 
=4123 
RET 
=4124 
SIZECII( 
=4127+ srzt 
SH 
9 
=4128.; 
=4129+;- 
•• ·11._._ 
••••••••••••••••• _-- 
•• - 
=41J8; 
=4139 
=4149+ 
=4153 ; ll'l'TEO 
=4154 lI'1'TEO: 
=4155 
=4156 
=4157 
=4158 
=4159 
=41f.8 


=41G1 
=4162 
=4163 
=4166" 
!;IZE 
=4167-1; 
=4168+;_u. 1111111•• 
•• _ 
•••••••••••••_ 


=4171 
; 
=41711 
COOElJU(12 
=4188+ 
00l 
48G 
=4192 ; I£XA<".£IEXlDECllR. NIBIllf TOASCII CIIIROCTrRmMRSION. 
=4193 IEXRSC:fit. 
A,WH 
=4194 
fI)O 
A, .( -111) 
- 


=4195 
JC 
/£XNIB 
=4196 
fllI) 
A,'(11l-1·'1I') 
=4197 
RET 
=4199 f£XH18: 
fI)O 


COOElJU(11 
~ 
475 
BYTEOOIPUT 
I«lY 
LDATR,A 
fI)O 
A,~ 
I«lY 
Cll(SlfI, A 
I«lY 
fl,lDflTA 


~ 
R 
CfU 
NlOO 
I«lY 
A, lDflTR 
CfU 
NlBO 
RET 
mECII( 
SET 
11 


It '('R') 
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AP·55A 


LOC OOJ 
LIIE 
snm STRTEI£NT 


9tH 
83 


84C9 8927 
84C8 F1 
84CCEl945 
94CERi 


84CF B926 
84D1n 
8402 R9 
8403 8407 
8405 £1991I 
!MDi'[S07 


84/)9 8945 
84DIIFt 
840C 97 
840D Ri 
840C 96D5 
94E9 83 


9918 


IlET 
SIZEClI< 
SIZE SET 
12 


=4199 
=4299 
=4293+ 
=4294+; 
=4295+;******---------- 
=4214 ; 
=4215 ; 
=4216 DECLfflEBITSO,caf.il 
=4239 BITSO 
EQU 
U 
=4231 ; 
=4232 
COOEBlK39 
=4252+ 
ll1G 
1225 
=4256 ; ItlOLRYfR.r-BIT TIlE DaA'1' 
=4257 11lOLRY:II()\I 
H,IIlITHI 
=42?Ji 
Iffl 
RioHITHI 
=4274+ 
Iffl 
Ro@Ri 
=4200+ 
Iffl 
RioIH 
=4281+ 
Iffl 
@Rt,A 
=4284 
II()\I 
Ri, Iil ITLO 
=4399+ 
Iffl 
~1, IHBITLO 
=4J91+ 
Iffl 
Ro~1 
=4314{ 
Iffl 
RioR 
=4317 
J'" 
IIlD1 
=4318 ftlI)2: 
IIJ\I 
Ri, .9 
=4319 1W1: 
DJNZ 
R1,10)1 
=4329 
II)JNZ 
It ftlI)2 
=4J25i 
Iffl 
kt,IH 
=432C+ 
Iffl 
Ro~1 
=43J&i 
DEC 
R 
=4335i 
Iffl 
@Ri,A 
=43]<)+ 
JNZ 
ftlI)2 
=4341 
RET 
=4342 
SIZECH< 
=434~+ ~IZE SET 
24 
=4346+; 
=4347+;-*-_ 
•• **_*****_****_*_** 
•• __ 
=4356; 
=4357 $EJECl 


; DATAEm nrr (ID (INl.IA>INl 00 STIJ' Bm) 
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1-133 


•• 


infel· 
Ap·55A 


5(lJ«:E STATEI£NT 
LOC OOJ 


85IlS lEG 


85C8 e943 
85C2 E188 
85C4 97 
e:lCS F6C8 
85C7 99BF 
85C9 A4CF 
85C8 8948 
9:iCI) 8B 
85CE 8B 
85CF 94C9 
85D1 94C9 
I151)l 97 
IISI)4 A7 


IISI)5 B944 
115I)7F1 
85D8 G7 
IISI)9 R1 


85DA 8943 
8SOC r1 
8500 97 
950C R1 
IISI)f 96C5 
95E1 8l 


91127 


8649 


9649 SC'.A3 
9C4B BillS 
9641) 464D 
964F 4641) 
9(;51 5651 
96Sl 5651 
9655 94C9 
9C57 5651 
8659 94C9 


=4358 
=4383+ 
=4387 ;NlOO 
=4388 NlOO: 
=4389; 
=4399 ; CH1RO caFAE 
OOTPIJTSlUIOOTllE 
=4391 ; 
I.UTES TI£ WfTENTS If" n£ 
OCCTO n£ 
CRTDISPLAYSCIi.'E[N 
=4:392.ClH1O: 
IIfJY 
=4495+ 
IIJY 


=448&+ 
IIJY 
=4419 
IIfJY 
=4421+ 
IIJY 
=4422+ 
IIJY 
=4426 
ClR 
=4427 CO!: 
JC 
=4428 
ffI. 


=4429 
JIf' 
=4438 CO2: 
(R 
=4431 
ID' 
=4432 
10' 
=4433 COl: 
CfLL 
=4434 
CIl.L 
=4435 
ClR 
=4436 
eft 
=4437 
~ 
=4442+ 
IIJY 
=4443+ 
IIJY 
=4447+ 
RRC 
=4452+ 
IIJY 
=4455 
=4456 
=4461+ 
=4462+ 
=4466+ 
=4471+ 
=4475+ 
=4477 
=4478 
=4481+ 
SIZE 
=4482+; 
=4483+;--***1111 
J 11.**_ 
•• _ 
••_*__ ..._*"* 
=4492 ; 
=4493 
=4523+ 
=4527 ; CIN 
=4528; 
=4529 CIN: 
=4539 
=4531 C19: 
=4532 
=4533 CU: 
=4534 
=4535 
=4536 
=4537 C12: 


LIIE 


COOEBlJ(49 
~ 
1467 
IflSI( OCCTO IRE 
I£X NIIB£ 
IRfYf.lRTr TO ASCII fN) OOIPUT 
CIU 
I£XASC 


Il'EGC,A 
RLIREGC 
@IR1,A 
E, BITSO ; SET IUI£R 
If" 81TS TO BE TRfWSI!ITTED 
RLI8 
@Ri,IBHSO 
C· 
; CLEfI! CfJ.'R\' 
CO2 
f'L II«)T TTYOOT 
COO 
Pi,'nI'OOT 
• 


; E't{N OOT11«) BmDI 
IJ(ECUl111I TIlES 


IflOlA'I' 
fIlDlIlY 


C 


C 
REGC 
; kOTATEOfI1OCTERRI(JIT M 
en, 
RLIREGC 
ft,@R1 


A 
I!RLA 


; SET IIIIT WILLEYENTlR.l\' &EWE A STI»>BIT 


; \ IIJYII«l IUCT !)fITABIT INTOCII1r<Y 
B,CO! 
;CI£CK IF ~ 
(fN) STIJ' II11<S» 
1)(1£ 
1<1.18 
A,@IR1 


A 
I!RLA 
CO! 


II)JNZ 
IIJY 
IIJY 
DEC 
IIJY 
JNZ 
r\£T 
SIZECH< 
SH 
39 


COOEBlJ(47 
~ 
1699 
C!IIS(l 
IIf'IJT SUlROOllIE WAITSF~ 
fI KEYSTRa<E 1ft) 
RET1.l'NSWITH 8 errs 
IN REGOCC. 
IIJY 
1<1.18 
IIJY 
@Ri,It) 
;()fITA BITS lOBE REIl) 
JNT1 
CI9 
JNT1 
CI9 
JT1 
CU 
JU 
CU 
CfLL 
1IlOl.A\' 
JU 
CU 
CI1LL 
1IlDI.A\' 
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lOC 
OOJ 
LII£ 
sw.'CE 
STRlD£NT 


8658 94C9 
=4538 
CIU 
IIlDI.RY 
8G5I) S662 
=4S"J9 
JT1 
cn 
; Clf:CK SID LII£ 
lEYEl 
865F 97 
=4548 
ClR 
C 
; DAm BIT IN c\' 
Il668 C465 
=4541 
JII' 
CI4 
8662 97 
=4542 en. 
CUI 
C 
8663 R7 
=4543 
(;f'l 
C 
9664 89 
=4544 
IQ' 
; EVENOOTBf:IN:II EJlECU11!lf 
T11£S 
~89 
=4545 C14: 
10' 
11666 89 
=4546 
IQ' 
1l66? 89 
=4547 
IQ' 
=4548 
IIlRC 
I\IOC 
8G68 B944 
=4553+ 
I'KlY 
RLIREOC 
Il66A F1 
=45S4+ 
I'KlY 
fl,1!f:1 
Il668 67 
=4~+ 
RRC 
R 


Il66C Ri 
=4563+ 
I'KlY 
fRLR 
=4566 
II)JNZ 
E;,CI2 
Il66D 8943 
=4571+ 
I'KlY 
RLI8 
Il66f F1 
=4572+ 
I'KlY 
fl,@Ri 
86711 97 
=4576+ 
DEC 
R 


. 9671 Ri 
=4581+ 
I'KlY 
@Ri,A 
9G72 %59 
=4585+ 
JNZ 
CI2 
=4587 
IIIlY 
fl,R[OC 
8674 B944 
=4596+ 
I'KlY 
RLIREOC 
9676 F1 
=4597+ 
I'KlY 
fl,@Ri 
9677 83 
=4691 
R£T 
; OH1OCTER COREl E 
=4692 
512[01( 
9II2r 
=4695+ 
SIZE 
SET 
47 
=4686+; 
=4697i; ••••••••••••••• 
I•••••IIIIIII •••IIIIIII ____ 


=4616 $EJECT 
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82F1 404E9 
82F3 83 


98FC 


98FC 1>478 
eerr fWI 
98FF 83 


Il678 0937 
II67RF1 
8C7B837E 
8670 83 


867E 04 
867F 98 
8600 9C 
8681 A9 
8682 Et 
8683 B1 


8604 0931 
8686 F1 
86879698 


=4676 
JII' 
=4Ol7 LFILL1: RET 
=4678 
SIZEOI( 
=4681+ SIZE 
S£T 
15 


=4682+; 
=4683+;**•••__ 
••••• 
•••••••••••• 
111111111- 


=4692 ; 
=4693 
COOEBlK4 
=4698+ 
!RG 
Zl2 
=4782 ; Ll-ETCHFETCle; WfTOOS IF LOOICIl.I£IQ\' 
ROOk'ESSDETmlII£D IIY 
=4783 ; 
(TWO, (SlAH), 
& (SlR.O) INTO<LDflTfI). 


=4784 LFETCH:CIl.L 
fHTCH 
=4785 
I'llY 
LDflTA..A 
=4796 
RET 
=4787 
SIZEOI( 
=4718+ SIZE SET 
4 
=4711i; 
=4712+; 11111111111 
•• 111111111 
••••• 
111111 
•••••••••• 
1111111 
•••••••••• 
=4721; 
=4722 
=4752+ 
=4756; 
=4757 ; fHTCH LOOICIl.mClI 
SIa'OOTII£ 
=4'158 ; 
FETCHSWlTENTS (J' YFl!IOOSI£I«RY SPOCES10 rn, 
=4759 fHTCH: IftJ\I 
A..T\'PE 
=4768+ 
I'llY 
RL IT\'f'E 
=4769+ 
I'llY 
A,@Ri 


=4773 
fI)I) 
A..1l1l/ LFETIIL 
=4774 
JII'P 
@fl 
=4i'75 ; 
=4776LFETIIL:DB 
=4m 
DB 
=4778 
00 
=4779 
Of) 
=47tl8 
Of) 
=47G1 
DB 
=4782; 
=4783 LFEPII: IftJ\I 
=4792+ 
I'llY 
=4793+ 
I'llY 
=4797 
JNZ 
=4798 
IftJ\I 


LFILL 


COOEll.K75 


!RG 
1656 


LIl/ LFEf'fI 
LIl/ LFEDII 
LIl/ LFEREG 
LIl/ LfEINT 
LIl/ LFEIJI\'I( 
LIl/ LfEIJ.'K 


A..!MII 
RLISIftiI 
A..@R1 
LFEDII 
A..~O 
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LItE 
~ 
51ATEI£NT 
LOC OOJ 


8689 89J9 
9600 F1 
860C 83E9 
8G8E F"698 . 


8698 89J9 
8692 F1 
8693 834E 
8695 A9 
8696 F1 
8697 03 
8698 94E1 
869A 1,1 
8698 83 


869C B9J9 
869f: F1 
869F"537F 
86/11 C6PoS 
86/13 E487 


II6AS8923 
86117F1 
86A8 83 


86A9 8938 
iI6fIl 
F1 
860C 8329 
86fE A9 
86AF Fl 
86Il8 1)3 


86B1 94E1 
861:)399F7 
868S B98E 
86E7 99FD 
86B9 B981 
868fI 81 
868C 2381 
86BE 86C1 
86C8 27 
86C1 83 


=4887+ 
!tOY 
=4888+ 
!tOV 
=4812 
fI)D 
=4813 
JC 
=4814 
IftJY 
=4823+ 
!tOV 
=4824+ 
!tOY 
=482E 
fI)I) 
=4829 
!tOV 
=4838 
!tOV 
=41)31 
lifT 
=4832 LFEDII: CIU 
LPGSEL 
=4833 
II)YX 
A.@Ri 
=4834 
k'lT 
=4835 ; 
=4836 IF[REG: IftJY 
=4845+ 
!tOV 
=4846+ 
!tOV 
=4858 
fN.. 


=4851 
J2 
=4852 
JII' 
=4S53 
; 
=4ES4 LFlR0: 
IftJY 
=4E63+ 
!tOV 
=4E64+ 
!tOV 
=4868 
RET 
=4869 ; 
=4878 LFEINT: IftJY 
=4879+ 
!tOV 
=4888+ 
!tOV 
=4884 
fI)I) 
=4885 
!tOV 
=4886 
!tOV 
=4887 
RET 
=48OE; 
=4889 ; LFEBRI(LOGICIl.mCII 
IT BREfJ(-POINTDATA 
=4898 LFE£RI(:CfLL 
LPGSEL 
=4891 
IN. 
P1, II«)T 1l899188I!E 
=4892 
(R 
Pi, 1898818988 
=4893 
IN. 
PL II«)T 8118888188 
=4S94 
m. 
P1, I9fJ888881B 
=489S 
II)YX 
A,IlIR1 
=4896 
!tOV 
A.I81H 
=4897 
JNI 
LFEBR1 
=4E98 
CLR 
A 
=4E99 LfEBR1: lifT 
=4988 
SIZECH< 
=4983~ 
SIZE 
SET 
74 
=4984+; 
=49€15+;----**--***-- 
=4914 $EJECT 


Ri, ISIft.O 
A.@Ri 
A,I-OYSIZE 
LFEDII 
A. SIfl.O 
R1,ISIfLO 
A,@Ri 
A,1QWlf 
Ri,A 
A,@Ri 


A. SIfl.O 
Id, ISIR.O 
f11!R1 
n,I81U1111B 
, LfER0 
EPFET 


; ClECKIf LI»! 7 !lITS =lI 


fHPR8 
RLIEPR8 
A.@Ri 


R, SIfl.O 
Ri, ISNl.O 
f'u@Ri 
A,IEPOCC 
Ri,A 
A, I!R1 
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LOC OOJ 


87118 


87118Bm 
8782 F1 
8783 8386 
8785 B3 


8786 ~ 
8787 21 
. 878& ~ 
8789 34 
871W13D 
878&31) 


8~ 
8931 
878E F1 
878F9621 


8711 8938 
871:$F1 
8714 83E9 
8716 F621 


8718 8938 
871A F1 
8?if) 834E 
8710 R9 
871E FR 
871F Ri 
8729 83 


8721 94£1 
8723 rR 
8724 91 
8m 
83 


8726 8938 
8728 F1 
8729 S"j7F 
8728 C62r 
8721>E4C3 


872F FR 
8738 I192s 
8732 Ri 
8733 83 


=4915 
=4958. 
=4954; 
=4955 ; LSTIJ.'ELOOlaL ST~ 
SIIlRWTII£ 
=4956 ; 
ST~ 
cnlTENTS(J. LDfITnINTOYRRIOOSIEIU\' 
SPInS. 


=4957 L$TIJ.'E:III)Y 
n. TWE 
=4966+ 
lIlY 
RL 1TYf'£ 
=4967+ 
lIlY 
n.lIR1 
=4971 
fill) 
fI,ILmI LSTTIl. 


=4972 
JII'P 
@f1 
=4973 ; 
=4974 LSTT1l.: 00 
=4975 
DB 
=49/6 
DB 
=4977 
DB 
=497e 
DB 
=4979 
00 
=4988; 
=4981 LSTI'tI: III)Y 
=49gei 
lIlY 
=4991+ 
lIlY 
=4995 
JNZ 
=4996 
III)Y 
=5885+ 
lIlY 
=5986+ 
lIlY 
=5818 
fill) 
=5811 
JC 
=5812 
III)Y 
=5821. 
lIlY 
=5822+ 
lIlY 


=5826 
fill) 
=5927 
lIlY 
=S928 
lIlY 
=S829 
lIlY 
=5838 
RET 
=5831 ; 
=5832 LSTDft: CfU 
=5833 
lIlY 
=51134 
ItlYX 
=5835 
RET 
=5836 ;_ 
=5837 lSTREG: III)Y 
=5846+ 
lIlY 
~7+ 
lIlY 
=5851 
fH. 


=S8S2 
JZ 
=S8S3 
JII' 
=S8S4 ; 
=S8SS LSTR9: III)Y 
=587ls. 
lIlY 
=5884+ 
lIlY 
=S885+ 
lIlY 
=5888 
RET 


=S8B9; 
=5e98 LSTlNT: III)Y 
R.SIflO 


L11£ 
SIU:CE STRIDENT 


; Cl£CI( IF LmI (Jj)fR flITS = 8 


COOEBLJ( 
85 
(I1(j 
1792 


LmI LSTPII 
LmI LSTDft 
LmI LSTREG 
LmI LSTlNl 
LmI LSTBRI( 
LmI LSTIlRI( 


R.SlftH 
RL ISIIIiI 
fl,lIR1 
LSTllfI 
ItSlflO 
RLISIflO 
R.1R1 
R.1·OYSI2r 
LSTllfI 
R.SlR.O 
RLISIflO 
R.1R1. 


R.1IMltF 
RLR 
n.LDfITR 
I!RLR 


lPGSEl 
R.LDfITR 
M.R 


R.SIflO 
RLISIR.O 
fl,lIR1 
R,18111111U! 
LSTk'8 
EPSTII! 


Ef1!8,LDfITR 
R.LDflTR 
RL IEI'R9 
@R1,R 
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SW1CESTRTEI£NT 
lOC re; 


8734 8938 
8716 F1 
8737 8328 
8739 A9 
873R FR 
8738 Ai 
873C C3 


9731>94£1 
873F FA 
9748 1246 
8742 8981 
8744 E448 
9746 99FE 
8748 'H7 
8740 81 
8748 Il988 
9740 C3 


94E1 


84E1 8937 
94E3 f1 
94E4 5381 
94E6 47 


Kt 8931 
1HE941 
94lJl 4348 
94ECJA 


94EI)8938 
94EF F1 
84f"9 A9 
84f"1 83 


8811 


LII£ 


Ri, IS/'R.O 
fI,@Ri 
fl,1ErOCC 
RLA 
ItlDATA 
@R1.A 


=5899+ 
=5188+ 
=5184 
=5185 
=5196 
=5187 
=5188 
=5199 ; 
=5118 ; lSTIlRI(lOOICIl. ST~ 
OFIlREII(-POINTDATA 
=5111 lSTBRK:CfU 
If'GSEl 
=5112 
lIlY 
11,lDATA 
=5113 
JEll 
lSTBI:1 
=5114 
(R 
P1.I888888818 
=5115 
J1'I' 
lSTBR2 
=5116 lSTBR1: IN.. 
pt, II«lr 88888881B 
=5117 l$~: 
IN.. 
f'1,IIIlT 888818888 
=5118 
IUY'X 
fI,8:1 
=5119 
CIa. 
f'1,1888818888 
=5128 
RET 
=5121 
SIZECIt< 
=5~4+ 
SIZE SET 
7S 
=5125+; 


=5126+;- 
••'-------------- 
••• 
=5~; 
=5136 
COOEBlK17 
=5156+ 
!J:G 
1249 
=5168 ; lPGSEl.lOOICAlPf&: SEllCl. 
=5161 ; 
SETSIf F'01T2 TO~SS 
ff'f'R(f'RIATEBYTEOF r<tlI 1llOCK. 


=5162 lPGSEl: PIIJY 
It TWE 
=5171t 
I(JY 
Ri,IT\'PE 
=5172+ 
lIlY 
fI,@Ri 
=5176 
IN. 
fI,I88888881B 
=5177 
SlIP 
A 
=5178 
lOa. 
A,SIIIH 
=!i1C4i 
lIlY 
RL ISIIIH 
=518St 
(R 
fI,@Ri 
=511.'9 
(R 
fI,I81IJ811888B 
=5198 
am, 
P2,A 
=5191 
PIIJY 
fl,SlR.O 
=5298i 
lIlY 
RL IS/'R.O 
=5281+ 
lIlY 
A,@Ri 
=528S 
lIlY 
RLA 
=S286 
RET 
=5287 
SIZECIt< 
=521fli 
SIZE SET 
17 
=5211i; 
=521;1+;- 
••**.--- 
..__.... 
=5221 ; 
=5222 S£JECT 


; If!SI( (ff ()fiTATWE SElE(;T~ BIT 
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821'4 8938 
821'6 f1 
82F7 87 
821'8 21 
82F996Fr 
82f1l is 
82FCf1 
82fI) 87 
82FE 31 
82FF 83 


8SE2 


8SE2 8938 
8SE4 F1 
85E5 37 


8SE&8932 
8SE&61 


8SE9 8931 
II:iEBF1 
85EC37 


~ 
••( 
!>lautl 


:525&+ SIZE SET 
11 


=5251+; 
=5252+;._-"---**"---" 
=5261 ; 
=5262 
COOEBlJ(12 


='5277i 
1I!G.tS6 
='52&1; OCCSlllOCCREI£NTSIll IUD. 
:52&2 DECSIIl:lIlY 
rd., ISIR.O 
:52&3 
lIlY 
fL@Ri 
=S2(j4 
DEC 
R 
-sas 
XCII 
fL@Ri 
=S286 
JHZ 
OCCSIU 
='5287 
Ill: 
rd. 


=52&8 
lIlY 
Pu @Ri 
=5289 
DEC 
R 
=5298 
XCII> n@Ri 
=S291 DECSIU:RET 
=5292 
SIZl.CIt( 
=52SS+ SIZE SET 
12 
=5296+; 
=52S7·~;IIIIIIIIIIII 
•••• C•••• C•••• IIIIIIIIIIIIII 
•• CCCC 
•••••• I_ 
=5386 ; 
=5387 
COOE8IJ(15 
=5332+ 
II!G 
1~ 
::5336 ; CIf'IfIS ~ 
I£IOY fIlIJRESSES 
=5337 ; 
COI'fRE SIll BVTESWITHBIR BYlESTODETERIIIIERELRTI~ IfOjI TWE. 


=5338 ; 
RETmlS WITHCff1RY=:1IFf .<SIID ): <EI'ID. 
::5339 ; 
IS ClUED fflER RCTII* IllS BEENI'EkFIlMD 1* <SIfl) TODETEk'IIHI.IF 
=5348 ; 
TASKIS WI'lETED: 


=5341 ; 
IF CV=8Tl£N <SlID )= <EI'ID 
=) 
lERIIllfITl TRSK. 


::5342 ; 
IF C't'=1nEN (SIll) < 
<EI'ID 
=) 
Ill: SIll IN) REmIT. 


::5343 CIf'IfIS: PIIlY 
ft,Slft.0 
::5352+ 
lIlY 
Ri, ISIR.O 
=5353+ 
lIlY 
fL@Ri 
=5".$57 
m. 
R 
=535& 
IRlO 
fLOR.O 
=5364+ 
lIlY 
RL1ElR.0 
=5365+ 
fill) 
fL@Ri 
=5369 
PIIlY 
fLSfftII 


=5:S7&+ 
lIlY 
RL ISIrnI 
::5379+ 
lIlY 
fL@Ri 
=53&3 
m. 
ft 
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lOC 
OOJ 
5W1C( 
STAlEIENT 


II5ED BSJJ 
8SIT 71 
1N"9 8J 


lirE 


=SJS.4 
IR)OC 
=SJ99+ 
!VII 


=SJ91 i 
fI)OC 
=5J95 cnu: REI 


=SS96 
SIZECII< 
=SJ99+ 
SIZE 
S[T 
15 
=5408+; 
=5481+; __ 
•••••••••••••• 
_ 
•• ' •••• 
' •••• 
111111 
••• 
1111 •• 


=5418 
$EJECT 
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LOC OOJ 


874E 


874E [)5 


874F B93E 
8~1 
Ri 
8152 23F8 
8754 62 
8755 27 
87'56 :lE 
8757 
3D 
8~ 
fI) 
8759 87 
875/1 3F 
8751l 8C 
875C RA 


87'50 fI) 
875E. 87 
8i'5r 8346 
8761 AS 
8762 F8 
8763 
3D 
87~ 
47 
8765 lE 


8766 BBII4 


87GC rR 
8769 6? 
8i'6A III 
876B F688 
876D EE81 


876f 
B9JC 
8771 F1 


LItE 


~11 
$ 
=5412 
=5447+ 
=5451 ; 
=5452 ; 
=5453 ; 
=5454 TIlNT: 
=5455 
=5468+ 
=5469+ 
=5473 
=5474 
=5475 
=5476 
=54n 
=547f} 
=5479 
=5488 
=S481 
=54ll2 
=5483 
=5484 
=5485 
=5486 
=5487 
=548S 
=5489 
=5498 
=5491 
=5492 ; 
=5493 ; 
.1111••1* 
*** 
_ 


=5494 ; 
11£ I£XT ~TER 
IS 101 BEINl DISPlR'r'ED. 
=5495 ; 
TI£ KE'l'BOORI)SCAN~OOTltE IS INTEGIdlll]) INTO nE DISftA'l' SCAN. 
=5496 ; 
WITH 11£ CIBENT R(II EIOGIZED, 
()[CI( IF TJO( 
m:: fIN 
IIWTS. 
=5497 ; ******** 
••__ ****_••UIUU 
IIIIIIIUUIIIIIIIUU_ 
=5498 ; 
=5499 ; 
=5S8B ; 
=5581 
IIJY 
=5582 NXTLOC:II1RC 
=5514+ 
IIJY 
=5518+ 
RRC 
=5529+ 
IIJY 
=5532 
JC 
=5533 
IIJY 
=5534 
=55J5 ; 
=55J6 ;**_1111111111 
__ 
••_**_***1111111_ 
=5:i37 ; 
A Kl''STRa<E WASDElECTED F~ 
11£ CWlENT C!l.lI'It 
ITS 
=55".$8; 
roslTI()j 
IS IN REGISTrR KE'rtOC. su: IF SfIE 
KEY SEN5[I) LAST C\'CI..E. 


~;~-~~~~~~~~~~~~** 
=5548 ; 
=5541 
=555B+ 
=55S1+ 


11«l.00E( :F8:KOO.I'D» 
COOEBlK189 
t¥1G 
1S7B 


~ 
IN) DISPlR\' PROCESSINl ROOTIt£ 
ClUED PERIOOIClU" 
IILN KBDIN) DISPlAY ~IO 
BE fl.IYE. 
sa 
RB1 
MIY 
RSR'fE,A 
IIJY 
Ri, IASAYE. 
IIJY 
@Ri, A 
IIJY 
A.. .( -1I1H) 


IIJY 
T, R 
CLR 
A 
I9JYO 
PSEGU, fl 
I9JYO 
PSE!l.O, A 
IIJY 
R..ctJW IG 
DEC 
A 
IIJYI) 
rDIGIT, A 
I9JYO 
fl, PItf'UT 
IIJY 
~'OTPRT,A 


; REl.(II) TIle: 
INTEkYIL 


; WRITE E.:I.JN( I'fITTERHTO SEG DRIVERS 


; EI£RGlZE C18!OCTER 
; LIm 
fIN SWITCHCL~ 


; If:ITE IfXT SEGI'ENTPATTERN 
It ctJWlG 


A 
ItISEIM 
Re,A 
R,@R8 
PSE!l.O, A 


A 
PSEGlJ,k 


; fill) CUll)IG DISPUVEHT 
TO BASE 


; L(II) 00: IV I£XT SE(J£NT PAnEII'N 
; E.IRl.E APPROPRIATES£IKHT!> 


ROTATEBITS TII«WI 
nE CV IIHLE IIaEIfJITINl 
KEYLOC. 


ROTCNT,IIDl.S 
ROTPRT 
R,ROTl'flT 


A 
ROTf'flT,A 
SCfIlj 
KE\fLG. 11 


; SET lJ> FIJ< <rm.S) 
L(xp" 
TII!WJi 
'NXTLOC' 


; Ot£ BIT IN C\' ItI>ICATES KEY1«)1 I)(Mf 
; ~ 
"fIflT AT WlST M 1([\'WASDETECTED 
; \ 
IN 11£ CIBENT SCAN 


IftJY 
IIJY 
IIJY 


A,KE'1tOC 
Ri, Il<EYLOC 
fl,1!R1 
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lOC 
OOJ 


AP·55A 


8m 2C 
8773 DC 
8774 C67C 


8776 B9JD 
8778 8196 
877A (488 


077C B9JD 
977E F1 
97i'F C68B 
8781 97 


0782 L'9JD 
971)4 A1 
9785 968Il 


8787 Fe 
9lSO B9JB 
978A fl1 


9788 E)9JC 
9700 11 
B7aE EIJG3 
07ge. EDAS 
"/92 
b1l8S 


9794 B93C 
9196 moo 
0r98 rr 
9799 %9D 


e?9B BCFr 
e79D [;(00 


1I1£ 
so.m: STATEI£NT 


=5555 
=5556 
=5557 
=555e ; 
=5559 ;_***. 
__ ** 
*11111111_*. 


=5S68 ; 
A DIFFERENTKEY IfIS RrnO (Jl THIS C\'CI.[ TIftj (Jl II£ 
F"REVIOOSC\'CI.E. 


=5561 ; 
SET IftPTS 
TO TI£ IlEIIOK( 
PfY<AI£lERF~ 
A I£W CWllrofi 
=5562 ;._***""--*._ 
••**-*••..• 
** 
=5563 ; 
=5564 
=:i5G5 
=5566 
=5567 ; 


=556!) ;*"'--*"'*~,*****-**•••**-***-- 
=5569 ; 
SfI£ 
KE\' WASDETECTEDJS (Jl PREVIOOSCYClE 
=5579 ; 
lOO< AT IJ.'EPTS: IF fl.REfI)',' ZERO, 00 r«lTHIMl. 


=5571 ; 
ELSE DECRElENTtlUTS. 


=5572 ; 
IF THIS RE511.TS IN ZERO, I«M: lASTKY INTO KOOCLf. 
=5573 ; •••••• **--*******-**-_. 
__ -.. 
=5574 
i 
=5575 SCfIC: 
=5584+ 
=5585+ 
=SSf)9 
=5590 
=5591 
=5C94t 
=5685f 
=5689 
=5610 
=5633+ 
=5639+ 
=5648+ 
=5643 ; 
=5644 SCANS: I'KlY 
=5645 
11«: 
=5646 
DJNZ 
=5647 
()JNZ 
=564S 
tu.' 


=5649 ; 
=5658 ;*._*.****-_••_ 
••**-_••_ ••**-*•.• 
=5651 ; 
nE 
FOll~It«l 
COOESEGI£NT 15 lJSEl) L'V HIE KEYIlOf:RI)SCfHjIt«l 
ROUTIIIo. 
=5652 ; 
IT IS EXECUTEDDIU AFTlR R REFRESHSEIlOOa 
IS COPf'lETIJ) 
=5653 i.*.**••*••••..••_ •••••••._** 
••_ •• 


=5654 ; 
=56~ 
IftJV 
=566G~ 
tu.' 
=5667 + 
I'KlY 
=5671 
tu.' 
=5672 
JNZ 
=5673 
ltK)y 
=5678+ 
I'KlY 
=5682~: 
I'IOV 
=5683 ; 


=5C84 ; **********-*********-**_******.** 
*** 


XCH 
XRl 
JZ 


IftJY 
tu.' 
tu.' . 


JZ 
DEC 
PII'IJV 
tu.' 
tu.' 
JNZ 
IftJV 
tu.' 
tu.' 
tu.' 


A,Il!EPTS 
F:1,ItfU'TS 
A,@R1 
XANS 


A 
IftPTS,A 
F:1,III1Ef'TS 
@Ri,A 
SCI1N5 
KBOIlLf,lASID' 
R, lASTKY 
Ri,1KBOOLf 
@R1,A 


; IF DECRElENT[)(E5 r«ll RE511.T IN ZERO 
; TO IfRI( 1£11KEYCUI'~'E 


; IF fl.Rm)\' ZERO 
; INDICATEIH: !'lORESOCCESIYEKEYDETECTI(Jl 


Ri, lKE'rtOC 


@R1 
ROTCNT,NXTlOC 
ctJID IG,TIRET1 
~IG,1am«J 


KE'rtOC,ZERO 
R1..IKE'rtOC 
@fc:1...ZERO 
n. KEYFlG 


SCANS 
lRSTKY.I£G1 
lASll(','.II£G1 
KE\'FlG. te 


; JlJI' 
IF AN't'KE\'S WEREDUEC1ED 


; CIRa 
<lASID') 
HN 
r«l KEI'5 ~ 
[)(Mj 
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SW!CE 
STATEIl:NT 
LOC 
OOJ 


879F 
893F 
07A! F1 
(J?A2 
CGI18 


tt7fl4 07 


071151l93F 
97117 Ai 


11m3 B93E 
IJ?AA F1 
0700 93 


97flC 1G4E 
97IE 
83 


9961 


Lll£ 


=5G85 ; 
=5686 ; 
KOOIOISf RETURN (.'00[- 
RESTIJ1ES S'(.;TE" 
STATUS. 


=5637 
11IO\I 
A, ROElA'!' 
=5696-1 
110\I 
Ri, tRDELfW 
=5697+ 
1'(1\I 
A, @Ri 
=5701 
JZ 
T1RETl 


=S7lI2 
DEC 
A 


=57&3 
MI1JII 
~:I)[lflV,A 
=5716; 
I'KlY 
RL IRDELA\' 
=5(17+ 
I'KlY 
@RLR 
=5i.!1 
T1RETi: 
IftJY 
fl, ASIM 
=5739-1 
1«)1,' 
Ri, W..M 


=57Jll 
110\I 
n, ~1 
=5735 
RETR 
=5736 
; 


=5737 ; 
=5738 ; TOFF'Ol 
T11'1EROYERFLIJI POLLlIfi 
SUCROOTINE. 


=5739 
; 
CALLED REPEATEDLY FROM WHEREVERKBl>IOISP MUST Il. ft.1~. 


=5740 
; 
I'OIIT~ 
THE TII'ER OVERFLOWFLAG (T(l') 
IN) 
CfUS 
SERVICE 
=5741 
; 
RWTlI£ 
WHENff'PRIJ'RIATE. 


=5742 TOFPOL: 
JTF 
TIlNT 
=5743 
RET 
=~744' 
SIZECIi< 
=5747+ 
SIZE 
SET 
97 
=5748-:-' 


=5749+; **o:****"-**********__ 
************¥**_"*********** 
=5758 $EJECT 
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LOC 
OB,] 
~.o~CE 
::;TRTEM£NT 


06C2 


OGC2 ['.nn 
06C4 ND1 


Oi~C6 F4AC 


0CC0 B93c: 


Il6CA F1 
06C8 F2C6 


B6CD 27 


06CE 
3E 
e6CF 3D 


OGDe 37 
0W121 
0W2 lG 


0011 


05f1 
B846 


9SF3 
B90S 
95F5 
BOOIl 


~718 
05FB E9F5 


(j5FR [)9311 


05FC G1BS 
0SFE 83 


061)3 


06113 
530F 


06D5 03EF 
06D1 
A3 


96D8 
RE 


UNE 


=5759 
=5789+ 
=57~):;; 
=5l~'4 ,KBD IN 


=5796 
1 


=5797 .; 
=5798; 


=5799 
K£iDIN 
=5800 
=5801 1(0011 


=5:302 


=5811< 
;;::5812i" 


=5816 
=5817 


=5818 


=5319 
=5820 
=5821 
=~2 
=5823 
::5826+ 
5IZE 


=5027+, 


(;OCJEBLK 1?- 


OH. 
1nl) 


KE'rBOflRD 
INPUT 
~.u!lROUTINL 


~:ETiJRNS ONl.'~ flFT[R 
R NEW KE\'S1f<i)(E 
jjfl5 
fHN 
Dl TECTED 
ftN[) DEBOIJNCEI). 


W1LUE 
OF m' F-OSITICN 
IN ~.wITCfI 
NflTRIX 
IS 


RETlJRNED 
1Il TilE 
fiCCUt1ULRiOR 


DISPLA'r 
CIlf1RRcm: 
NOW ON BLi:NI([D 
IllOl'ORE RETURNING. 


/'IOY 
XI'(OO[' 
#3 


CALL 
XPTEST 


CALL 
TOfPOL 


11110V 
H.- KWBur 


f'tCIV 
Ri, 
lIKBOOUF 


f'10V 
11,@Rl 


jf)7 
K!)[JIi 


CLR 
A 
MOV'D 
f'S[GHL A 
rovI) 
I'SEGLO, A 


CPL 
A 


XCH 
A, @Ri 


RET 
5IZECHK 


SET 
17 


=5C28+.; ******,,*~*****************~;*********,.*;*****.******.******** 
=5837 
; 


=5838 
=5863+ 
=5r.67 
; CLEAR 
=5868 ; 


=5869 
; 
=5870 
CLERR 
=5071 
=5872 
DBLANK. 


=5B73 
=5874 
=5875 
=5886. 


=5CC7+ 
=5891 


=5892 
=5895-1 
SIZE 


COOEBLK lJ 
OR{> 
1521 


limES 
'BlANK' 
CfU1RBCTERS 
INTO 
ALL DISPLAY 
REGISTERS. 


RETURNS 
WIm 
NEXTPL 
SET 
TO LEFTMOST 
ClIf'.RnCTER rosn ION 


DOE5 
NOT RFFECT 
ACe OR CV. 
t10V 
R0, IISEGMff 


MOV 
R1, 1IC1:fiRNO 


MOV 
@Re,.e 


INC 
R0 


DJNZ 
Ri, DBLflNj( 


IftW 
NEXTrL 
CfIARNO 


MOV 
Ri, lIN£XTPL 


I'IOY 
@Ri, IIOIARNO 


I\'ET 


SIZWlK 


SET 
14 


; STORE 
TIlE 
BLANK (;OD[ 
; PO I NT TO NEXT CfmACTER 
TO HlIO LEFT 


=58%+; 


=5897+; .**********.~***********************************.************ 
=59!l6 ; 
=5907 
COO[[;LK 
44 


=5937+ 
ORG 
1747 
=5941 
; DSF'ACC W:>PLflV 
VALUE or 
LOW NIf;3LE 
OF 
iteC 


=5942 
DSPACC: 
AtI. 
n, teFH 


=594:> 
ADD 
A, tOOPATS 
=5944 
MOI,'P 
fl, ~ 
=5945 ; WDISP 
WRITES 
IJIT 
PAlTERN 
NOW IN ilec 
INTO 
NEXT CIflRACTER 
POSlTl~ 


=5946 
; 
OF TflE DISPLflY 
(NEXTf'U. 
INCREHEN1S 
NEX1PL 
=5947 ; 
RESULTS 
IN DI$PLAI' 
BEING 
FILLED 
LEFT 
TO RIGHL 
lHEN 
RESTllmNG 


=5941) 
wo I Sf' : 
MOV 
DSPTMP, A 
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- 
96£9 Ai 
96£A %EE 
8f.EC 0188 
96EE 83 


8GEF 3F 
8Cf0 IlG 
96F1 
SE: 


96F2 4F 
96F3 G6 
06f4 61) 
96FS 7D 
96F6 07 
B6F7 7F 
96F8 61' 
116F9 77 
I16FA 7C 
I16rC 39 
96FC SE 
96F[) 79 
96FE 71 


04F2 


04F2 893F 
04F4 Ai 


=5904. 
~y 
=5988. 
J/iZ 
=5~38 
/'10'.' 


=5991 Il)! Sf'1: 
RH 
=5992 .' 
=5993 ; DGPAT:;IS lllE IJAS[ r~ THE TrIllI 
(J" :;E6I£NT PATTH(NSF~ 
fIJ( DIGm. 


=5994 ; I£RE. 11£ FLU Ii:X SET (H) 
IS INCLL()[D. 


=5996 DGPAT$ EQIJ 
=5997 ; 
=5998 ; F~T 
IS 
=5999 ; 
=6009 
=6801 
=6802 
=6003 
=6004 
=6805 
=6006 
=6097 
=6808 
=6909 
=6018 
=6011 
=6012 
=6013 
=6814 
=6015 
=6016 
=6819t 
SIZE 
=C929+; 


=(;821t; **_**********_********_** 
****_ 
=6038 ; 
=6031 
=6051t 
=68SS ; DELAY 
=6056 ; 
=6057 ; 
=685S ; 
=(;059 DEUlV: 
=6072+ 
=687]+ 


@Ri,A 
WOISP1 
flIRL ICHflRt(J 


PGFEOCBA 
IN 5T~ 
SEYEN-SlI.il'ENTE,.;roII«; 
ClJM:NlI!Jl 
IKRE 
P REPRESENTSllE OCCIIflL POINT 


; SEGlDT PATTERNFII: DIGIT '0' 
; SEGlDT r'flTTERNFII: DIGIT '1' 
; !>EG/ENTPAlIERN FCJ: DIGIT '2' 
; 5£6I£NT PATTERN~II: DIGIT '3' 
; SE.G/£NTPATTERNFII: DIGIT '4' 
; SEGlDT PATTERNF!»: DIGIT '5' 
; SEGl£NT PflTlERN FII: DIGIT '6' 
; SE.GlDT PflTTERNF~ 
DIIHT '7' 
; SEGlENT f1lTTERNF~ 
DIGIT 'f)' 
; :;EG/£NT PATTERNFOR DIGIT '9' 
; SEGI£NT PP.TTERNFill DIGIT 'A' 
; SE.GlENTPATTERNFill DIGIT 'B' 
; SE(J£NT PATTERNFill DIGIT 'C' 
; :;EGlENT PfHTlRN Fill DI611 'D' 
; SEGl'ENTPATTERNF(l( DIGIT 'E' 
; !>EGlDT PATTERNI'll: DIGIT 'F' 


=5995 
i 


00 
881111118 


00 
890001101) 
00 
011111011C 
00 
01001111E 
00 
011881101) 
00 
01101101C 
00 
91111191B 
00 
999001118 
00 
011111118 
00 
011881118 
DC 
0111011111 


00 
01111189E; 


()Ij 
001119018 
00 
010111101) 
00 
91111001El 
00 
911199818 
$IZEIH< 
SET 
44 


COOEELK12 


!J1G 
1266 
Sl.IBROOTINEIIIITS rill 
TIE PUllER CF ClII'LETE 


DISPLAY SCIflS aJ!RESPOO 11«1TO TIE sec CIIlTENTS. 
USEDWITHCRtJ()[ IUrtI 
INTE:.RrflC[$- AS liEN (HJ(AIII: 
SIO..lI) SEE 
S(K DISl'LAY C/R«iE IIHLI; IT IS ClIHJII«i. 
IftJY 
RDElA't',fl 
~ 
Ri, IRDELR'I' 
~ 
taR1,R 
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LOC 
OOJ 


84fS 
F40C 


9417 
D93F 
94F9 
F1 
94FA %F!l 
94FC 83 


97RF 


97RF BF9S 
9781 
7401 


97113 B93B 
971lS F1 
97(;6 
B3 


L11£ 
~ 
STATEI£NT 


=0877 
0CLA'l'1: ou 
=6978 
/tt)y 


=6007+ 
I'r1I 
=6988~ 
r«J\I 
=699'.1 
JNZ 


=6993 
RET 
=6894 
SI Z[Cft( 


=6897+ 
SIZE 
SET 
11 
=6998+; 
=6999+; _.* •••****.***••••_ •• 
•• 


=61I1C ; 
=6199 
coo[BLK 
8 
=6144+ 
I»lG 
1967 
=6148 
; KroPOL PClL 
$TATUS (X' 1(lI'BOORI) IIf'UT 
ROOlIl£. 


=6149 
; 
RETURN11l1li ACe BIT 7 = 9 IF 1([\'8(m) 
IIf'UT 
f*lS BEEN RECElYED. 


=6159 
KBOI'(l: 
r«J\I 
X/'COOE,15 
=6151 
C,1U 
XPTEST 
=6152 
IftlY 
A, KOOIllK' 
=6161·} 
I'r1I 
1<1,.KOOBlf 
=61(,2+ 
I'r1I 
A, tlR1 
=6166 
REI 
=6167 
SlZECft( 
=6179+ 
SIZE 
5£1 
8 
=6171+; 
=6172+; -*-***** ••••• 
_••••• 
_._ ••••••••• 
_ 
••*** 


=6181 
$EJECT 


Hff'OL 
It ROCLAY 
RLIRDEUl'I' 
fl,liR1 


DELAY! 
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LOC 
OOJ 


87'E7 


8787 8938 
8789 F1 
878A F400 
878C 23S8 
87IIE F400 
87C8 F400 
87t2 
83 


87C3 


87C3 FA 
97C4 F400 


87C6 8S38 
8i'C8 F1 
97C9 SJ7r 
97CE F400 
97CD f400 


87CF 83 


LIt£ 


6182 $ 
=6183 
=G218+ 
=6222 ; EffET 


=6223 El'FET: 
=62J2+ 
=6233+ 
=6237 
=6238 
=6239 
=6248 
=6241 
=(;242 
=6245-: 
SIZE 
=6246+; 


=6247+; ~"****.~***_***"'_*~*"'*****t-*******~*****4'***4'***.*.** 
••** 
=6256 ; 
=6257 
COOEElK 15 
=6292+ 
ORG 
19S7 
=6296 ; EPST!Jl ST~ 
OOTA IN Loom 
IN EP INTERIR. 
RfI'I AT <~O) 
::(,297 EPSTOO:IllY 
A, usm 
=Q98 
ClU 
EF'f'ASS 


=6299 
/lIlY 
fI,SlR.O 
=t;300+· 
IllY 
R1, ISl'R.O 


=6389+ 
IllY 
f1 @Id 
=6313 
IN.. 
A, 19111111W 


=6314 
CfU 
[PPASS 
=6315 
Cfl.L 
[PPASS 


=6316 
RET 
=6317 
SIZEOlK 
=6328+ 
SIZE 
51:.1 
13 


=6321+; 


=6322+; _*****4_*'.**~************"'************.**************.** 
=6331 $EJECT 


IInUDE(: 
F8 :LINK. 1100) 


COOECLK15 


ORG 
1915 
FETCH DflTfl Il\'TE FROII Er INTERNfl. RfI'I ADDRESSED8\' SlRO. 
Ift)Y 
A,Slft.O 


/'IOY 
R1, ISlft.O 
IllY 
A,@R1 
CIU 
EPf'ASS 
IllY 
a 1188990800 
cu, 
lI'PASS 
CIU 
EPPASS 
RET 
SIZECIt< 
~ 
12 
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LOC OOJ 


11700 


8700 8f:39 
971>291 
871>399FE 
9i'D5 C982 
9l1>7 F4DB 
971>9Si 
97I>A83 


8700 


9700 F4F4 
9700 Il99A 
9M 
86f1 
97E1 E90~ 
9788919 
97E5 744F 
97E7 BOOS 
97E9 746A 
9lEB !f9EF 
97ED BOOE 
97EF 24911 
9lF1 
744F 
97F1 83 


9919 


LIN( 
YXJICE ~l ATEI'ENT 


THErIl.L()IING UTILITIlS 
IIMl.'¥£ 
INTERClR«iESBETIoEENTIE If' IN) [Po 
=6332 ; 
=6331 ; 
=6334 
COOEBLK11 
=6369t 
OI\'G 
2009 
=6373 ; EPPASSPA55ES I1 SIIRE 
f'ffiIfETER f,'Y,.ETO Tll 
[I' TIJ:O..Ul H[ LlIte: 


=6374 ; 
WRITETIE C(flTENTS(J' nE 
OCCTO Tll 
LIlt(; 


=6:S75 
; 
RELEASETIE El'; 
=6376 ; 
Rl::ro THELIlt( INTOTHEflCC; 
=6377 ; 
RETlRN. 
=637tl EPf'ASS: ~'l 
=6379 
IUt'X 
=6389 
fR 
=63S1 
CR 
=6382 
Cfli 
=6383 
/UIX 
=63S4 
RET 
=6~ 
512[011( 
=6381li 
SIZE 
51:1 
11 
=63b'St; 


=099+; *************~,**_*****",~,*",**~,*******t_***"'******_**** 
=6399 ; 
=6499 
COOCEtK2::> 
=6435+ 
~ 
2011 
=6439 ; EPSlEl' RE~.LS 
Ef' TO !;Ul IN PRESENTI'U)[ ltmL 
ANfYlTICIPA1ED 
=6449 ; 
ftflROWflR[ 
BR£AI<OCC~ 
=6441 ; 
(DI..[ TO 511«1.[ STEPPING, UNK Il'CCK 
FETCH, (»I LINe: DPoTAFETCH.) 
=6442 ; 
IllST 0CCI.I1WI1HINfl FINITE NlJtlER or ClUES 
({40 If' CYClES) 
=6443 ; 
(»I IfITCIC)OGmER 
WILLflSSlK 
A CU'llWICATlIJIS ERIIf)I;: 
=6444 ; 
BE:TlEt:NTIE 11' IN) Er. 


=6445 El'STEP: CEll 
EPREL 
=644& 
ItJY 
Ri, 119 
=6447 El'STE1: JNI 
EPSTE2 
=644S 
DJNZ 
R1,EPST£1 
=6449 
(»Il. 
Pi.. tEPRSET 
=6459 
CELL 
Ef'~ 
=6451 
ItJY 
r,l!, 1L~(OV1BAStO'~~lZE) 
=6452 
C/lLL 
ovum 
=64S3 
fR 
P1,II«)T EPRS£T 
=6454 
ItJY 
LooTR,I8EIl 
=6455 
JIf' 
PERRIJ! 
=64SE;U'STE2: CflLL 
E~1lI:K 
=6457 
RET 
=6458 
SIZECHK 
=6461+ 
SIZE 
SET 
25 
=6462+; 


=6463+; **-***"""***********_***********_*_**** 
* 
=6472 ; 
=6473 ; 
=6474 $[JECT 


P2, .901100991l 
~1.A 
P1,INOT ~P.I'I 
1'1. ICNBlIt( 
~PS1Er 
A, !!R1 


; ENABlELIlt( WRITES. 
; WRITEACCW Ult{. 
; I)lSfRl 
BR£OO'OINTS. 


; SET TO EREflI( ONLIlt( RlFERIJU. 
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934f" 


934f 99fB 
8J:i1 8928 
8353 B985 
9355 E95S 
9357 8fI48 
9359 C3 


8JSA 


83511El865 
9J5C 0917 
93SE 2349 
9368 JA 
9361 ca 
8362 C9 
8363 81 
9364 28 
9365 91 
9366 F9 
8367 9661 
9369 83 


9919 


=6524 
SIZECH< 
=6527+ 
SIZE 
SET 
9 
=652t)t; 
~t; 
******~***••**_ 
••__ 
* 
.*••_._ 


=65Je ; 
=6539 ; 
=6548 
~. 
=65IJ4 ; EP8RK 
=658S ; 
=6S86 ; 
~7; 
=6S08 ; 
=6589 EI'BRI(: 
=65S8 
=6591 
=6592 
=6593 
=6594 
=659S 
~ge+ 
SIZE 
=6599+; 
=66119+;•••••••••• 
•• 11111 
•• 
_._ 


=6689 ; 
=6618 ; 
=6611 
COOEBlK16 
=6651+ 
C»\'G!)5f; 
=6655 ; 0YSIlf' fMRUlY !;Iff'. 
=66SC ; 
SIR'S BLOC!(er DfllW,'TES (USER'S PRIXl<fII) BETIEEN11' F:III & EP PIt 
=6657 OYSW: I'm 
Re,IOWLf+OYSIZE 
=66Se 
I10V 
Ri, IOYSIZE 
=6659 
I10V 
Pu 191981leee8 
=6G68 
OOrL 
f'2, A 
=6661 ~...w1: 
DEC 
R9 
=a62 
DEC 
Ri 
=666J 
IIlYX 
Il, @Ri 
=66C4 
XCI{ 
A, fiIR8 
=666S 
I'KlVX 
@Ri, A 
=6666 
I10V 
A. Ri 
=6667 
JNZ 
0VSW1 
=6668 
RET 
=6a9 
5IZCClll{ 
=6672+ SIZE 
5I::T 
16 


COOEBIJ(11 
IJ!G 
847 
REGAINcoom. er 1'1:I0\' fmtY 
Froot EP. 


om> I5S1EP; 
IIIIT J9 USECS.; 
PUT P'ElU.'V fIlRfl\' IN If' 10)£; 
RETWt 
FH. 
In 
I10V 
DJNZ 
W. 


REl 
SIZECH< 
SET 
11 


Pi, II«lT 88989188E 
P1, II«OO.JT 
R1.15 


Rio $ 
f'2, 191_ 


; FRlEZE ElU.ATI~ 
PI1OCE$~. 
; SIGIft. El' IS I«JT RtHlING USER·COOE. 


; DEUl'l'FIR Ef' TO FINISlI INSlROCTlI»t 
; SEIZE COOT<U.~ 
tu! fRRfl'l'. 
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LIrE 
LOC mr 


9361l 


8J6A C917 
9361: 2348 
936E 3A 
836r CS 
9378 C9 
9371 F8 
8372 E3 
9373 91 
9374 rs 
937S 9G6f 
9377 83 


=6673i; 
=6674+;**._•••_--**.******•.,••••_-_ 
•._- 
=661)3 ; 
=6684 
COOIllLK14 
=6724i 
fJ.'G 
874 
=6728 ; IM.OOO!MRlA\' um. 
=6725) ; 
I'Ct'ES [lOCI( IF OOTflJVTES(PoSSllllED 5(XEE) 
fRa1 F'G310 Er 
I'll. 


=6739 ; 
T!l" IF DATABLOCK LCH>EDfH) 
BLOCKLOOnl DETERfIIIIJ)8V k'8 fit) Ri. 


=6731 IM.OOO: IlJV 
Rl, IOYSIZE 
=6712 
M 
H,I91_ 
=Gm 
0011 
F'2,A 
=6734 11I.01: 
DEC 
R9 
=6735 
DEC 
F:l 
=6736 
IlJV 
11,R9 
=(,737 
tlM'3 
A, lIf1 
=G73e 
I'KJYX 
@Ri, A 
=6739 
IlJV 
f~Ri 
=6(48 
JNl 
MOl 
=6741 
RET 
=6742 
SlZECh1< 
=6745+ 
SIZE 
SET 
14 
=6746+; 


=6747+;--*** ••**~,***--**---****--*-**. 
=67S6 $[JECT 
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LOC OOJ 
5IOCE STRTOEHT 


8J78 


8378 
8378 
8378 1489 
837R 88 


8378 
8Jro 1489 
8J7D 88 
837E 88 


837F 
837F 1499 
8381 88 
8382 88 
838388 
8384 88 
83&5 IIIJ 
9386 88 
8387 88 
8388 88 
8JC9 88 
838A 88 
8388 88 


9816 


=Ol'S? ; 
~;==================~-=-==-==-=- 
=6759 ; 
=6768 ; 
=6761 ; 
=6762 ; 
=6763 ; 
~7~;===================== 
=6765 ; 
=6766 
=6771i 
=6775 ; 
=6776 ; OY&- 
::fim; 
~778; 
=6779 ; 
~788; 
=67tl1; 
~782; 
=6183 0Y8IlRS EQU 
~7S4 
~ 
!MIBRS 
=6785 
CALL 
009H 
=6786 
ID' 


=6187 ; 
~788 
~ 
=6789 
=6798 
=6791 
~m; 
=6793 ~ 
::fit'94 
=6795 
=6796 
=6797 
=6798 
=6(99 
=6888 
=6881 
=6002 
=6883 
=6884 
=6885 
=6006 ; 
=WI7 ~ 
=6898 
=6899 ; 
=6818 
SILECII( 
=68UI 
SIZE 
SET 
22 
=6814+; 
=6815+; ." 
.*_** 
__ ***II.I.II 
••I.U'_ 
=6SI24 $EJECT 


LIlt: 


11£ Re.T 
fF 1HIS IQ)I.l£ 
COO'R1MS TIE "INI-IOUTIJ:S 
I.HCH 0'tUtfI'1' 
TIE EIIl.RTI(Jj f'ROCES5(J(~ 
RIll 1U GIl{ lIE 
IflSTER PI!OCES5a: ACCESS10 INlER:fL REGISlU:S /It) 
r<1II(J HE Efl, 


DflTIUK 22 
~ 
80S 


OYERLAY10 DREftI( EP EXECUll(Jj fM) JtJI> TO LOCRTI(Jj889H. 
LOCRTI(Jj889H RmJ£I) 
WIm T(J'-(F-STRCK = kl:1'1MI t1)()RESS+2 
Dl[ TO FlJ!CEI) 'aLL' 
~ING 
WHICHre WASINCREPlNTED, 
LOCS88JH & 88711CALLIIIJ9HTO SI/UJlTE 
SIlI£ C(N)m(Jj 
IF IlREfI( ~ 
IlU1ING INlL~'lJ'T 
C\'ClE. 


SOO!CECOOEFIJI "INHOOIlIJI 
0YEIi1JI'r'EI)OYERLOWORDERPRW<RIIRRIt 


$ 


OY8IIAS+88JH 
CALL 
~I 
ID' 
ID' 


1M!EflS+887H 
CIU 
889H 
ID' 
ID' 
ID' 
ID' 
ID' 
ID' 
ID' 
tu' 
ID' 
N(J' 
ID' 


OV8flASi814H 
JMI' 
989H 
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LOC OOJ 
5!Xm 
STATEI'ENT 


838E 


8391 
8391 83 
8392 88 
8393 88 
8394 88 


8395 
8395 83 
83% 88 


8397 
8397 98 
8398 42 
8399 98 
839A C7 
8398 7611 
8390 53F7 
8311 
8391' 98 
83/18 CS 
83/11 FC 
83f12 8489 


8816 


LINE 


=682S 
=6839+ 
=6834 ; 
=6835 ;0Y3- 
=6836 ; 
=6837 ; 
=6838 ; 
=6839 ; 
=6848 0Y3BA5 
=6841 (J1G 
=61)42 
=6843 
=6844 ; 
=6845 (J1G 
=6846 
=6847 
=6848 
=6849 
=6858 ; 
=6851 ~ 
=6852 
=6853 


DATIRK 22 


\JIG 
918 


0VI.:RUl'.' TO SAVE STATUSDATAff"TER!lREII<. 
~, 
TlI£RIU)JITER, 
P$W (WITHF1), 
& RAIl LOC8 PASSED5EQlEHllfUY 


10 11'. 
~ 
COOEFIJI "INI-IOiIT~ 
OYERI.A\'EDOYERL(»I IJ-'DEk f'R(Q!fII 
Rff\ 


EOO 
$ 
0't'3BA5 
JII' 
99l!H 
tu 


0Y3IlR$+883H 
RET 
10' 
10' 
10' 


OV38A5+B97H 
RET 
to' 
=CC54 ; 
=6S55 (J1G 
=6856 
=6857 
=6858 
::(;859 
=CC68 
=C861 
=6862 OY381 
=6863 
=6864 
=686S 
=C866 
=6867 ; 
=6868 
SIZECI-I< 
=6871+ 
SIZE 
SET 
22 
=6872+; 
=6873+;--**************---**** 
=6882 $EJECT 


0Y3IIASt889H 
ItOYX 
~,A 
I'KlY 
A,T 
IIlYX 
@RIj,A 
I'KlY 
A,P".>W 
JF1 
OV381 
IN. 
A,1111181118 
[00 
$- (L(»I 0Y3IlA5) 
IIlYX 
@Re, fl 
sa 
RBe 
I'KlY 
A,R8 
JII' 
889H 
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1IJH9Ill! 
IIlffi Ill! 


liB 
113f1183 
1I~1lI! 


IllAE SI! 
IIl1F fIB 
11388SI! 
11381F'213 
1138328 
11384All 
11385Il499 


11313 


illS? FII 
1130011489 


1lIl16 


=6994 
=6985 
=6986; 
=6997 ~ 
=6988 
::(;999 
=6918 ; 
=6911 ~ 
=6912 
=6913; 
=6914 0Y1B1 
EQU 
=6915 ; 
=6916 
=6917 
=6918 
=6919 
=6928 
=6921 
=6922 
=6923; 
=6924 0Y1B2 
EQU 
=6925; 
=6926 
=6927 
=6928; 
=6929 
SlZEClt( 
=6932+ 
SIZE 
5£T 
22 
=6933+; 
=6934+; .1I11II•••*_***_ ••••·._U....I_ 
••••I._ 
=6943 $EJECT 


$-LI»I OY1BAS 


n,f!R9 
9Il9H 
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LOC 
OOJ 
~ 
STATElENT 


83EA 
8300 
83EA 8488 
8lOC 88 


8380 
8300 83 
83BE 88 
83BF l(j 


83C9 88 


83C1 
83C1 83 
83C2 88 


83C3 
83C3 98 


83C4 ca 
83CS AS 
83C6 88 
83C7 D'I 


83C8 AS 
831:9 ES 
83CA 7213 
83CC AS 


8313 


83CD 88 
II3C£ 62 
83CF ca 
8300 93 


8817 


LHE 


=6944 
=6949+ 
=6953 ; 
=6954 ; fN2.- 
0YERl..A't'TO R£STflIE EP STATUS SAYED ~ 
BREA< fH) 
Rf.SIJ£ 
USER'S 1'RW9I. 


=6955 ; 
SOO1C[ ewE 
FtR "INI-'OmtR 
OYERLA\'EDOYERL()I 
~ 
PROOf(fJII9t 
=6956; 
=6957 0Y2SAS 
EQU 
=6958 ~ 
0Y28flS 
=6959 
JIf' 
=6968 
ID' 
=6961 ; 
=6%2 
~ 
=6963 
=6964 
=6965 
=6966 
=6967 ; 
=6968 ~ 
=6969 
=6978 
=6971 ; 
=6972 (J.'G 


=6973 
=6974 ; 
=6975 
=6976 
=6977 
=6978 
=6979 
=6988 
=6981 
=6982 
=6933 ; 


=69&4 0V2B1 
EQU 
=6985; 


=6986 
=6987 


=6stl8 
=6989 
=6998 


=6993+ 
srzt 
=6994+; 
=6995+;._ 
•••••••• 
__ 
._-_.- 


=7884 $EJECT 


DATIIll.K 23 
(F.(l 
954 


$ 


~ 
lIlY 
~ 
lIlY 


CLR 
CI'L 
JB3 
cu: 


A, tlR8 
Re,A 
A.tlR8 


f'Slt A 
F1 
F1 
OY2&1 
F1 


$-L()I 
0Y2\lAS 


~ 
lIlY 
~ 
[(ETR 


SI ZECII< 


SET 
23 
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8301 
8301 CA88 
83D3 8fI 
831149fl7F 
8306 F2D9 
8300 83 
8J09 FS 
83Df18488 


8lOC 
830(; 284:12931 
83£83'JJ73928 
8lE4 494E544~ 
8lE8 <le 


8188 
88FD 
8188 
88E9 
88fl) 


IIIlfl- 
88FF 
II8fl) 


LIN: 
sw:cE 
STATlIENT 


.788S ; 
7886 
COOEBlJ(11 
7846+ 
~ 
977 
i'858 xrTEST: CIa. 
P2, 1!l0H 
7851 
IN 
fL P2 
7852 
IK. 
f'2, 1<I«lT !l0H) 
785J 
JB7 
$H 
7854 
RH 
785S 
SU 
lE! 
7856 
JII' 
888H 


7ffS7 
5IZECII< 
7868+ SIZE SET 
11 
7961+; 
7862i·;_*_**~***************.**_* 
_ 
7871 ; 
7872 
7112+ 
7116 


COOEBLJ(13 
~ 
see 
00 
'(C)1979 
INTa' 


RSIUCE 
PGSIZE 
PGSIZE 
PGSI£E 
PGSIZE 
PGSIZE 
PGSIZE 
PGSI2f. 
PGSIZI:: 


SET 
SET 
SET 
SET 
SET 
SET 
SET 
SET 


; CYTESUSED(11I'm: 
11 


; ME!; USED(11Pfa 1 
; 8WES USED(11POOE2 
; SVTE~USED(11Ml: 
3 


; BVTESIf.£l) (11f'A(£ 4 
; BVlES USED~ 
POOE5 


; SVTESUSED(11PAX: 6 
; IlVTESlJC....lD III P1G: 
7 


7117 
SIZEOI< 
712&+ !;IZE ~ 
13 
7121-1; 
7122-};--*--.--.*.~ 
7131 ; 
7n2; 
7nl 
7ns+ 
7136+ 
7n7+ 
7138+ 
7139+ 
7148+ 
7141+ 
7142+ 
7143+$[JECT 


~GPGIHI88U 
!J:Gf'G1-19!l1 
00lI'G2-288f1 
00'03-388H 
!J1GI'G4-488t1 
1IlG'G5-51i91 
~-688t1 
~GPG7·-7881i 
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LOC IIIJ 
LII£ 
SlUCE STRTEI£NT 


7145 ;_.-_ 
•• **__ 
•..•_111111 
••••• 


7146 ; 
7147 ; 
rILL ILL lHJSEI) 1£10:\' 
LOCfHlIJIS WIlH ID' IFCOO£S 
7148 ; 
7149 ; •• 11111 
111111.11111 
•• 111 •••••••••• 
11111111111111 
•••• 
1111111 
7158 ; 
7151 $OCN 
7158 ; 
81FD 
7168 
(RI 
(R(J'(l1 
71E;1 
REPT (2IIIJl - 00'G1) 
i'162 
De 
9 
7163 
EN>!! 
91FD 89 
7164+ 
De 
9 
91FE 89 
7165+ 
De 
11 
91FF 89 
7166+ 
De 
9 
71E;8 ; 
7175 ; 
93E9 
7177 
ORG 
~3 


"1178 
REPT (499Il - ~) 
7179 
De 
9 
7188 
EN>!! 
93£9 89 
7181+ 
00 
9 
93EA 89 
7182+ 
De 
8 
83EB 89 
7183+ 
DB 
9 
93EC 89 
71S4+ 
[)8 
9 
IllED 89 
7185+ 
De 
9 
8:lEE 89 
71S6'~ 
DB 
8 
83EF 89 
71e7+ 
00 
9 
83r9 89 
7188·: 
DB 
9 
. 


931'1 89 
7189+ 
DB 
9 
931'289 
719&+ 
DB 
8 
93F3 89 
7191+ 
00 
9 
931'4 89 
7192+ 
De 
8 
83F5 89 
7193+ 
00 
9 
931'689 
7194+ 
D8 
8 
83F7 89 
7195+ 
DB 
9 
93ftl 89 
71%+ 
De 
11 
1131'989 
7197+ 
00 
11 
93FR 89 
7198+ 
De 
9 
83FB 89 
7199+ 
00 
9 
831'C 89 
7299+ 
00 
9 
93FD 89 
7291+ 
00 
8 
93FE 89 
7292+ 
00 
9 
93FF 89 
7293+ 
00 
9 
7295 ; 
94fI) 
7297 
(RI 
IJ1a'G4 
7288 
REPT (59Ill - (J1GP64) 
7299 
DB 
9 
7219 
EIIlII 
94fI) 89 
7211+ 
DB 
8 
II4FE 89 
7212+ 
DB 
8 
84FT 89 
7213+ 
00 
9 
7215 ; 
95FF 
7217 
ORG 
IJR{i'G5 
7211) 
REPT (6911I - ~) 
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(o!SJ 
LJII 
11 


7236 
EN)II 


87ft) 
88 
7237+ 
00 
8 
87F'E 88 
7238+ 
DB 
8 


87FF 88 
72J9+ 
00 
8 


7241 
j 


7242 
SEJECT 
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LFIll 
4672t 
4676 
LFIW 
4674 
46771 
lPGSU 
4832 
4S98 
5932 
SUl 
51621 
LSTBR1 SUJ 
51161 
LSTIIR2 ~US 
SU7. 


t5rBRK 4978 
4979 
SUi. 
l~ 
4975 
4995 
S811 
59321 
lSlINT 
4977 
58991 
lST~ 
2459 
2615 
~7 
46n 
4957. 
lSTn. 
4974 
4981. 
lSTR9 
~ 
~ 
lSTREG 4976 
5937. 
ISTTBl. 
4971 
49741 


"8 
551. 
It1 
SS2I 
IR)I) 
4381 
1816 
2386 
2438 
SJ58 
Ift)OC 
4351 
53!14 
IIIIN 
1434 
1SJ91 
1546 
2349 
2414 
2417 
2422 
2427 
2S89 
2629 
11I1112 15441 
3129 
IIIIIfl 
1594 
16891 


"!Ill! 
16721 
1674 
11I111)8 1798 
18Jll1 
11I111I1 1831. 
1847 
11I11«:1 17161 
1762 
IIIIIt) 
1741 
1001. 
IIIIIt)1 
1742 
17661 
IfH. 
4431 
IO.OCI< 
1651 
1387 
1315 
1323 
ItlEC 
471. 
J529 
It)JNZ 
4751 
4841 
4328 
4456 
4566 
5%9 
I£IIfI 
US8I 
3824 
48IIS 
I£ILO 
U491 
3851 
4828 
46SS 
I£mR 
1592 
1~ 
"11«: 
46'1' 
1743 
2811 
2e7S 
11I.01 
67J4I 
6748 
IIIlY 
J98I 
1558 
1~74 
1689 
1628 
1649 
1682 
1716 
17C6 
1782 
1891 
1976 
1994 
~n 
2248 
:a2<J 
2464 
2482 
2541 
2581 
2714 
2729 
2756 
2787 
288S 
2838 
2CS6 
2893 
292J 
2938 
29Sl 
29W 
3882 
3963 
3891 
J29(; 
322S 
;244 
J263 
3283 
3381 
3322 
:S349 
3423 
3433 
3452 
3471 
:S4ge 
3519 
-sm 
3578 
3S91 
J828 
38SS 
39S7 
3981 
39% 
48U 
41165 
4257 
42C4 
4392 
4419 
4587 
4639 
4759 
4783 
4798 
4814 
4836 
4854 
4C78 
4957 
4981 
49% 
5912 
5937 
5IISS 
5IIge 
~lfN1 
5191 
~343 
5369 
5455 
5541 
5575 
~91 
5619 
S6SS 
5673 
5687 
5783 
Sl21 
588'l 
SCi'5 
~951 
6959 
G1178 
6152 
6223 
62<J9 
IU)QJT 
S-.S7I 
3941 
6598 
Pm. 
4451 
~ 
3631 
5US 
II'\JSEl 
553. 
IR 
4S2I 
IRC 
4941 
II!R 
4861 
II1RC 
4981 
4437 
4548 
5592 
"XCII 
4551 
IIXRl 
4511I 
I«:OlS 
6141 
SSII1 
1£61 
7291 
2341 
5678 
I£XlPl 
1293. 
2253 
2'.lS9 
5SOO 
SS86 
59G9 
5974 
NIBB 
3782 
37881 
Nn:IN 
3627 
36J8 
:s6991 
NIBIN2 3553 
37911I 
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HIOO 
4159 
4161 
43001 
IOlRI( 
1521. 
1928 
I«lYfI.S 13S1. 
1416 
IllEPTS 12381 
S564 
55S4 
56&4 
~ 
11851 
1662 
1S:ro 
2181 
2469 
2475 
2723 
NXTLOC55821 
564G 
CPTfI31 1ge1 
19113 
1984 
~ 
19116 
19221 
CPTF11219117 
1ge8 
19251 
CPTfI33 19I12 
19I19 
1921. 
CPTI()I 11941 
1641 
1698 
1791 
1818 
tm'GO 
1281 
1488 
1481 
14491 
152& 
1529 
1873. 
1S47 
2157 
2158 
22391 
2234 
2388 
2367 
2518 
~1 
2652 
26741 
2679 
l148 
lJ99 
3617 
361S 
361)1' 
3685 
l735 
3771 
m.t 
41116 
4141 
4188 
4234 
4368 
4495 
4Q9 
4695 
4696 
472et 
4724 
4917 
5138 
5225 
~64 
5199 
5414 
5761 
5848 
591l'J 
6833 
6111 
6185 
6259 
6336 
6482 
6477 
6542 
66B 
6686 
7988 
7874 
7135 
71~ 
i'1~j 
~1 
1291 
1952 
1!153 
2153. 
2239 
2248 
22%1 
23{j5 
2386 
236l. 
2372 
<:'52J 
2684 
l153 
3484 
J(.98 


3691 
37391 
3748 
3741 
l7651 
3776 
m6 
4111 
4112 
4137. 
4146 
414( 
41761 
4185 
4186 
4213. 
4239 
4365 
4588 
4625 
4(29 
49'a 
~143 
~38 
5231 
~ 
5269 
5314 
~19 
5766 
5C45 
~914 
6838 
6116 
6198 
6264 
6341 
6487 
64S2 
6547 
6616 
6691 
(813 
7879 
(136 
7159 
71~ 
(J<GPG2 net 
2377 
2378 
25141 
2528 
2529 
2647. 
2689 
3158 
3489 
3418 
l6131 
l7S1 
3911 
4244 
4378 
4585 
4638 
4631 
4691. 
4734 
4927 
5148 
5274 
5275 
53851 
5319 
~24 
:in1 
:iC5II 
5919 
684j 


6121 
6195 
6269 
6346 
6412 
6487 
6552 
6623 
66% 
78111 
7984 
1137 
7169 
/178 
~ 
131. 
13:s4 
1335 
13951 
1677 
H;78 
1943. 
6577 
65711 
6G8SI 
6648 
6649 
66821 
6721 
672"<! 
67SSI 
6768 
6769 
6823. 
6827 
682S 
6SS1. 
6885 
680C 
69421 
6946 
6947 
7e83. 
7843 
7944 
787et 
7189 
7118 
71391 
7138 
7176 
7177 
~ 
1321 
2694 
2695 
31441 
3163 
3786 
3936 
4249 
4258 
41551 
4375 
45111 
4739 
4932 
:i153 
~154 
522et 
0.$24 
5429 
5776 
58S5 
5924 
684S 
6849 
6187. 
6126 
6288 
6274 
6351 
fA1? 
6492 
6S51 
6628 
6781 
7823 
7889 
7139 
7286 
7287 
~133' 
31GS 
3169 
j3981 
3791 
3792 
39161 
3941 
4388 
4381 
4491. 
4515 
4744 
4937 
~329 
~338 
5489t 
5434 
57S1 
5S68 
5861 
59851 
592') 
6B1 
628:i 
6279 
6356 
6422 
6497 
C562 
66s3 
6786 
7828 
7894 
7148 
7216 
7217 
~ 
1341 
3946 
3947 
41821 
4528 
4~ 
46151 
4749 
4758 
49131 
4942 
5439 
~7f)6 
~787 
~361 
5934 
5935 
68291 
6136 
6218 
6284 
6361 
6427 
6582 
6567 
£;6S8 
6/11 
7833 
i'899 
7141 
7224 
?225 
1J.'{jfG7 
1351 
4947 
4948 
51341 
5444 
5445 
:i7:i7. 
(;141 
6142 
611J81 
6215 
6216 
62551 
6289 
62911 
63301 
6366 
6367 
63981 
6432 
6433 
64711 
6587 
6588 
6537. 
6572 
6C43 
6716 
7838 
i'184 
/142 
7232 
7233 
OOTClR 1624 
19741 
25S6 
~1797 
18:17 
19751 
OOTUTL1542 
1973. 
2326 
2713 
2S93 
3124 
3185 
0Y8BRS 3187 
6783. 
6784 
67S8 
6793 
6887 
0Y1B1 
6898 
6914. 
0Y1B2 
6919 
6924. 
0Y1IlRS 1426 
3281 
6451 
68%1 
6981 
6987 
6911 
6914 
6924 
0Y2E1 
6981 
69841 
0Y28AS 2921 
69571 
6958 
6962 
6968 
6972 
6SS4 
0Y381 
GS68 
6S62I 
0Y3BAS 3203 
68481 
6841 
6845 
G851 
6fJ55 
WG2 
0't'IllF 
13191 
4828 
~6 
6657 
OYL!lID 1427 
2922 
3188 
3284 
3282 
6452 
6731. 
OYSIZE 
6461 
B21 
1426 
2921 
3187 
3283 
32S1 
4812 
~8 
6451 
~7 
665!) 
6731 
0YSW1 66611 
6667 
0YSIff' 
29SS 
2995 
3186 
6657. 
f'm( 
15181 
1924 
POIGIT 
517. 
5488 
~1es9 
2212 
231&1 
2633 
3989 
3599 
3716 
6455 
F'1lSIZE 71351 
71361 
7137. 
7138. 
71391 
71481 
71411 
7142. 
PIIf'UT 
52et 
54S1 
PlUS1 
6991 
2476 
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Pl.USJ 
7141 
2268 
PRNT1 21189 
28391 
PRNT2 19941 
2829 
PSEGHl 5181 
1414 
5476 
5491 
5818 
PSE!i.O 5191 
1413 
5477 
54S9 
5819 
RDEL.AY12481 
56% 
5716 
6872 
68C7 
RE~ 
3524 
35491 
RECTYP12751 
3583 
3587 
REOC 
1293. 
4485 
4442 
4553 
4596 
RE~ 
191. 
1335 
1481 
1529 
1878 
1949 
1953 
2158 
2235 
2248 
23&1 
2196 
2368 
237J 
23i'8 
2519 
2524 
2:129 
2652 
2688 
2685 
2698 
2695 
3149 
3154 
3159 
3164 
3169 
3480 
3485 
3418 
J61e 
3686 
3691 
3736 
3741 
3Tt2 
3777 
3782 
3787 
3792 
3922 
m7 
3932 
3937 
3942 
3947 
4107 
4112 
4142 
4147 
4181 
4186 
4235 
4248 
4245 
4~ 
4J61 
4366 
4371 
4376 
4381 
4496 
4~. 
4596 
4511 
4516 
4521 
4621 
4626 
4631 
4696 
4725 
4i'38 
4~35 
4748 
4i'45 
4759 
491!1 
4923 
4928 
4933 
4938 
490 
4948 
51J9 
5144 
5149 
5154 
5226 
5231 
~ 
5278 
5275 
5318 
S-315 
5328 
5325 
5338 
5415 
5428 
5425 
5438 
5435 
5448 
5445 
5762 
5i'6"7 
57(2 
57"17 
5782 
578'( 
5841 
5846 
51)51 
5856 
5861 
5918 
5915 
5928 
5925 
5938 
5935 
6834 
6839 
6844 
6849 
0112 
6117 
6122 
6127 
6132 
6137 
6H2 
6186 
6191 
6196 
6281 
6286 
6211 
6216 
6268 
6265 
6278 
6275 
6288 
6285 
6298 
6m 
6342 
6347 
6352 
6357 
6362 
6367 
6483 
6488 
6413 
64111 
6423 
6428 
6433 
6478 
6483 
G48e 
64S13 
6498 
6583 
6588 
~3 
G548 
6553 
655e 
6563 
6568 
~73 
6578 
6614 
6619 
6624 
6G29 
663:4 
6639 
6644 
6649 
6687 
6692 
6697 
67tf2 
6797 
6712 
6717 
6722 
6769 
6!l2e 
6886 
6947 
791i9 
7814 
~ 
7824 
7829 
7834 
7839 
7944 
7875 
7888 
i'885 
7899 
7895 
7188 
7185 
7118 
RERRII12317. 
2348 
RINT 
15281 
1923 
ROTCN1 0061 
5581 
5646 
ROTPATC6SI 
54e2 
5587 
5514 
5529 
RS(6C 
2761 
713J 
SCAN3 5557 
55751 
SCfII5 5532 
5566 
5589 
5689 
56441 
SCANS 5672 
5682. 
SEGIR' 13111 
2213 
5486 
5870 
5965 
SIOO 
1523. 
1928 
SIZE 
13851 
1388 
14394 
1442 
1eG3. 
181:06 1933. 
1936 
2143. 
2146 
22281 
2223 
22861 
2'.r09 
23!l3' 
2356 
25841 
2587 
2637. 
2648 
26641 
26(;7 
:s1341 3137 
33881 
33113 
3683. 
36EI6 
3671. 
3674 
31281 
3723 
37551 
3758 
39961 
399'J 
48921 
49!15 
4127. 
4138 
41661 
4169 
4283. 
4286 
43451 
4348 
4481. 
4484 
46851 
468e 
4681. 
4684 
47181 
47B 
4993. 
4986 
51241 
5127 
52181 
5213 
52581 
:i2S3 
52951 
5298 
53991 
5482 
5747. 
5758 
58261 
58;!9 
58951 
5898 
68191 
6li22 
6897. 
6188 
61781_ 61n 
62451 
6248 
63281 
6323 
63881 
6391 
64611 
6464 
6527. 
6538 
65981 
6681 
66721 
6675 
67451 
6748 
6813. 
6816 
6871. 
6874 
69321 
6935 
6993. 
69!16 
71168I 7863 
71291 
7123 
SIZECH 2781 
1382 
1436 
1868 
1938 
21<18 
2217 
2283 
2359 
2581 
2634 
2661 
3131 
3377 
3688 
3668 
3717 
3752 
3993 
48e9 
4124 
4163 
4288 
4342 
4478 
4682 
4678 
4781 
4988 
5121 
528i' 
5247 
5292 
5396 
5744 
5823 
5892 
68J.6 
6894 
6167 
6242 
6317 
6385 
6458 
6524 
6595 
6669 
6742 
6818 
6868 
6929 
6998 
7857 
71l.7 
SIftH 
11221 
2487 
2493 
zm 
3465 
3Sl.7 
4792 
4998 
5184 
:m8 
SlRO 
11131 
1671 
1e31 
2480 
2557 
27'~5 
2869 
2888 
3314 
3341 
3484 
3844 
4lJe( 
4823 
4845 
4879 
5885 
5821 
5846 
5899 
5288 
5238 
5282 
5352 
6232 
6388 
STRWI1623 
2837. 
STRGOC1927 
28541 
STRIEI!1922 
1925 
2847. 
2555 
SlRnF 
1257. 
1989 
2883 
2816 
STJaJTL1973 
28321 
STSfM: 385G 
3862 
3183. 
TCRlFO3886 
3894 
3975 
41191 
TIINT 
54541 
5742 
TIRET1 5647 
5781 
57211 
TIFPIl. 3846 
57421 
5e81 
6877 
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BRKFIL2433 
2437. 
IlRKNXT24591 
2499 
MOO 
12661 
344C 
3519 
3534 
397e 
;990 
4346 
BlfLEN 
6621 
m9 
3875 
B't'TE11 35S4 
36281 
B't'lEIN 3432 
3451 
3478 
3489 
3525 
3627. 
1lYTE0 3995 
4818 
4825 
4828 
4839 
4887 
41541 
CGO 
2986 
38821 
CG(Hj 
3819 
39381 


CW'IIT 3822 
382SI 
COOSS 3821 
39341 
CGOTRR3823 
3933. 
CGIIII 
llI28 
38261 
•• 


CIR:CR 33931 
4119 
ClfRIN 3417 
3549 
3699 
37491 
(}If!I.f 
3394. 
4121 
CIm«l 
5981 
BB 
1349 
Bi'!) 
564!l 
5871 
5007 
5>'90 
CIHO 
lS91 
l8% 
3977 
1980 
4831 
4837 
4128 
4122 
4392. 
Cll<ERR1Sl7 
35981 
at{SltI 
003. 
3428 
3566 
lS73 
3C64 
3665 
3868 
4874 
4881 
4155 
4156 
CI8 
4531. 
4531 
4532 
CI1 
4533. 
4533 
4534 
4536 


CI2 
4537. 
4585 
CI3 
4539 
45421 
CI4 
4541 
45451 
CIN 
3749 
45291 
CKSIO( 3551 
35781 
~ 
1974 
58781 
CI.RflfT' 
5341 
£519 
6S28 
OOINT 1836 
1!l42 
1!l4S 
1essl 
CIf'II!S 3871 
4673 
53431 
0f'RET 53951 
CNTRlZ3395. 
3418 
3429 
389'5 
CNTTBl3877 
38001 
CHTTRR3983 
3984 
38911 
C01 
44271 
44",'5 
CO2 
4427 
44381 
C03 
4429 
44331 
COOEBl 1991 
1398 
1526 
1945 
2155 
2232 
229& 
2305 
2516 
2649 
2677 
3146 
3397 
361~ 
3683 
3733 
s769 
3919 
4184 
4139 
4178 
4232 
4358 
4493 
4618 
4693 
4722 
4915 
5136 
5223 
:i262 
5387 
5412 
5759 
5!l38 
5987 
6931 
6199 
6183 
6257 
6334 
6489 
6475 
.6548 
6611 
6684 
jI8IJ6 
7872 
WI:8R 
2487 
24321 
W':IL 
1428 
1432 
2426 
46391 
~2429 
29921 
ctItSER 2486 
24361 
WlSIZ 
1596 
18991 
CTAB 
1557 
1!l98t 
ctJ!DIG 
mt 
5478 
5484 
5(;47 
5648 
DATABL2441 
B32 
1815 
6766 
682S 
6883 
6944 
OOTO 
4829 
48331 
DAT01 48341 
4869 
DIl.fN( 2215 
58721 
!oS74 
DBPNT 2836 
28851 
DBRK 15191 
1924 
0C8 
~5 
21861 
00fIlIlI( 2853 
21221 
DOfIEPf 2849 
2116f 
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DlEK[ 
6J8I 
DECUI! 1781 
S84 
848 
869 
1863 
1872 
12Q7 
1216 
()[CSII15286 
52911 
DECSIIl2638 
52e2I 
DElAY 3185 
68591 
0CUl\'1 6877. 
6892 
~2833 
20631 
DFILl 2848 
28961 
!lOO 
2839 
28941 
DGPRTS5943 
5~ 
DG! 
2846 
21001 
DINTRG2851 
21241 
DlSl 
2841 
28'.ISI 
()IQ) 
2838 
29921 
IlI03RI(285S 
21291 
IXI£ 
3419 
35951 
IlPA 
2858 
21351 
DPR8RK2852 
21281 
DrRteI 284S 
21141 
Dfi{C 
2842 
21881 
om. 
2843 
21821 
DI\'II 
2858 
2111.!1 
IlR\.r. 
2835 
287tl1 
DS& 
2844 
21841 
~2834 
28781 
I>SI'OCC2276 
2279 
DSl'HI 2268 
22761 
DSPlO 2275 
22881 
I>SPIt1 2273 
22791 
DSPIIID22771 
3375 
DSPTI" 18411 3188 
DSP11I' 8291 
5948 
DSS 
2857 
21331 
DTR 
2859 
21371 
o.a'K 
2856 
21311 
ElSIF1 2186 
21S!1 
ElSIF2 2284 
2287 
ElRH 
11481 5398 
ElR.O 11311 S364 
EJQ.N( 5291 3197 
EJf;RI1I :i28I 
3197 
ENlF1 38881 3893 
ENlFIL 3872 
:ro84I 
OOREC48641 
E(fR(C 3887 
3ge11 
Ef'OCC 9691 
2977 
!PI»: 
1425 
3193 
EPCHT 2921. 
3187 
EPCOO.2785 
2{)851 
EPCIM 2720 
27t)3' 
EPF£T :n19 
3343 
Ef'PfISS2937 
2'J52 
EPPCHI18141 2779 
EPPClO 19951 
2752 


AP.o55A 


~ 
ill 
m 
~ 
~ 
~ 
~ 
ill 
rn 
~ 
m 
~ 
~ 
~ 
8911 
911 
932 
964 
973 
9S2 
m 
1_ 
1889 
1819 
182i' 
1836 
1845 
1854 
1881 
1898 
1899 
1189 
1117 
1126 
1135 
1144 
11S"J 
11(;2 
1171 
11se 
1189 
U9S 
1225 
1234 
1243 
1252 
1261 
1278 
1279 
12S8 
1297 
4216 


5967 


22821 
22131 


3219 
3374 
43S4 
5184 
6458 
6456 
65891 
3125 


48:)2 
6223. 
29(;? 
29S2 
3285 
3224 
:s243 
:s262 
6Zl7 
(;239 
(;248 
C298 
6314 
6315 
(;3781 
2914 
3362 
IJ78 
2C21 
3335 
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EPPSW 
9781 
2888 
2847 
2992 
~7 
325/ 
3292 
EPR8 
9961 
2932 
3276 
4863 
5884 
U'REl 
3942 
6445 
6519. 
EPRET 
311V 
3122 
3129. 
£J'RSET 
536. 
1433 
29S4 
29% 
6449 
6453 
EP~Ul 
2424 
2(121 
Ef'RlJtl 
39461 
3951 
Ef'R1JN23859 
396211 
EPRlIO :<849 
3956. 
EF'R\Jl4 3928 
3931 
3039. 
EPRl.tl5 3957 
31151 
EPro«; 
3881 
3982 
31191 
EPS5TF' 
532. 
EPSTE1 64471 
644B 
EP5TE2 6447 
645Gf 
E!'STEP 29r.4 
3194 
31~a 
63V2 
64451 
El'STtl: 
2V74 
2929 
3349 
3369 
5053 
6297. 
EPTIIIR 
9871 
2962 
:ma 
~ 
74V 
765 
782 
m 
816 
833 
lJ61 
~ 
983 
924 
94:i 
Ek'Rtl:2 2324 
23491 
EXfI!O 
25411 
2616 
EXAm 
2691 
26181 
£mI2 
2619 
2622. 
EXA113 ~'624 
2627. 
EXAPI4 2629 
2632. 
EX1J15 2618 
2613. 
EXfJIIN 2418 
25481 
2626 
2631 
EXPIUj 
5551 
rOltl'1 
3978 
39961 
FD1Jf'2 4826 
49381 
FDIJI'3 
4935 
49381 
FDIJI'4 
4964 
48SBI 
f1)ltI'5 
4934 
49361 
FIN)(}' 
15981 
1600 
GOTBl 
3916 
39191 
H 
13921 
4200 
4325 
fIlI)1 
4317 
43191 
4319 
18)2 
43101 
4339 
fIlDlll\' 
4257. 
4433 
4434 
4535 
4537 
4538 
IflITHI 
19321 
4273 
fElTLO 1823. 
4399 
IIlATIN 35181 
3547 
I£XASC 4193. 
4388 
I£XIltf 
13271 
:s864 
38~ 
3956 
4033 
HEXNIB 4195 
41981 
ff'1X»£ 
3885 
3899 
3894. 
ff'ILEO 
2413 
2421 
3S01. 
3V7B 
~CIN 
2416 
3417. 
342'~ 
3592 
~CO 
3877 
3e84 
39551 
fI1EGA 18591 
~GB 
19681 
fGlEGC 19771 
If.'[GI) 
19B61 
~GE 
18951 
~GF 
11841 
IIf'LEI1 1855 
23!)51 
INCSIIR 1431 
2625 
3528 
3873 
4675 
52381 
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JI~1, 
~41l4 
0!4UI 
JT(J!EL 2485 
2416. 
KIlDIlLf 12121 
2334 
2WJ 
S6J9 
'5B11 
6161 


KOOl1 
~1I 
5816 
KBOIN 
2658 
57991 
KIJ()P(l 3847 
3106 
6150. 
Ka.RB 
1515. 
1900 
KEY 
7G9t 
1544 
1593 
me 
184:l 
21C7 
2202 
2295 
2322 
234(; 
2468 
25~ 
2597 
2613 
26:a 
2627 


2659 
2783 
3116 
3128 
KEYCLR1sest 
2323 
262!J 
K[~ 
15e41 
1923 
1926 
K£\'EN) 15011 
1545 
1844 
22116 
2J47 
2461 
2618 
J117 


m'FIL 
14991 
1903 
KEYFLG 9491 
ssn 
:)6;'1 
5682 
KEI'GO 1512. 
1902 
KE\tOC iL"2l1 
sssa 
5&44 
SW! 
S666 
KEl'Lsr 
15101 
1~ 
K£\'IUl 
1513. 
1901 
m'NXl 
1SOOt 
Z20l 
2623 
2784 
~121 
KEI'f'AT 1503. 
1929 
KEI"," 
15081 
1923 
1~6 
KEI'REC 15061 
1995 
KE'r'RE(;1589. 
1923 
KE\'RI:l 1502t 
1966 
KEVTRA1597. 
1929 
K~S 
1511t 
1999 
KSETS 
15141 
1907 
LASTK\' 
997. 
5555 
55SC 
~0626 
5633 
~b;'C 


Loom 
752t 
1858 
2211 
2317 
"'.I~/")·' 
2432 
2436 
~::i62 
2565 
2607 
2614 
2632 
21!2S 
2835 
2919 
3888 
c..,!.c.r 


3321 
3:S44 
3346 
3367 
3368 
3526 
:SSS8 
:s629 
:s641 
3648 
:«;Ge 
:s666 
3715 
3868 
4154 
4151 
4168 
4662 
4669 
4795 
502S 
5I!:n 
5011 
5078 
5196 
5ill 
6297 
6454 
LDBYTE3867. 
3876 
LFIER1 4897 
4899t 


LFEBRK 4700 
4/81 
4S90lI 
LFIDII arr 
4797 
48P 
4832 • 
.••.> 


LFEINT 4779 
48701 
LF[}," 
4776 
4(83t 
LFIR9 
4851 
4854. 
LrEREG 4778 
4836. 


LrE1BL 4773 
4776t 


LFHCH 
2561 
3667 
4(84' 
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PSEQ.O IIIlIIC 
RDEI.R\'003F 
RECI)(Jl 82CC 
RECTYP0042 
kEGC 
0044 
REIJ«i 
001I5 
RERI«R 8198 
IUN1 
0011 
ROTCHT11883 
1i!01PAT11882 
f(S(U1C 0012 
5UIC 
877C 
SCfW5 
8788 
SCfHI 
8790 
5[~ 
8846 
SI ••• 
lIII1II 
SIZE 
1188I) 
SIZECH 8811 
SlffiI 
t1113i 
5'11.0 
0038 
STr<roI 881J) 
STRIE 
8Il2C 
STRIEII tI826 
snalf' 
0048 
sn:un. 
0019 
STSAYE9500 
TCRl.FO91D2 
TIlNT 
8i'4E 
'11W£Ti 87Ft8 
·11Ff1l. 870C 
1'1YOOT8848 
H'PE 
0037 
I..I'M)1 917C 
LfI)fI)R 9178 
YERSIl10029 
IRK 
0016 
II)lSP 
8600 
11)1$Pi 86EE 
XI'COOE11887 
XPl~T 
8JD1 
ZEROסס oo 


RSSEIIllY WI'llTE, 
I«)~ 
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1515-II 
ASSEIl:t.ER S\'IIU. CROSS REFERDU, 
'.'2.1 
F1iGE 
1 


?fl 
1851 
1614 
1629 
1637 
1659 
1658 
1721 
1787 
1006 
1818 
1977 
1985 
tm 
2177 
~388 
2444 


2546 
2S86 
2719 
27S8 
27% 
2843 
2Il57 
2£65 
2893 
2919 
2m 
2943 
zes 
2913 
381!7 
:s868 


3896 
~297 
3215 
3226 
3234 
3245 
32S3 
3264 
3272 
J28S 
1182 
3319 
3323 
3331 
3359 
3358 


3434 
3442 
34S3 
3461 
34(2 
3480 
3491 
34~ 
3!>15 
3S62 
3583 
3631 
3958 
3966 
39116 
4881 


4816 
49/9 
4393 
4491 
4592 
4764 
4788 
4003 
4819 
4841 
4859 
4875 
4962 
4SQi 
:;uBi 
!:l91? 


5942 
5e9S 
5167 
5189 
5196 
5348 
S360 
5374 
5386 
54~ 
~ 
5546 
5SOO 
!l592 
~ 
5692 


~794 
5712 
5726 
5897 
5956 
6869 
6968 
6883 
6157 
6228 
6394 


?IlSAYE 12351 
~ 
5466 
5722 
sm 
?E 
12891 
4413 
4413 
4413 
4419 
4459 
4469 
4569 
4579 
?[;!ftIT 
117. 
146 
7541 
763 
7711 
700 
7esl 
1'97 
8051 
814 
lJ221 
e31 
e391 
?E;9R2 
1191 
7S4 
?£3:3 
1111 
m 
~1fj9R4 
1121 
183 
'1l9RS 
1131 
005 
?Il9R6 
1141 
822 
?S9R7 
1151 
B~ 
?B1PNT 
1261 
US9 
867. 
sce 
C8St 
991 
989t 
'fa 
9391 
943 
9511 
?BOO 
1191 
867 
?BiR3 
1201 
888 
'l!llR4 
1211 
999 
?BillS 
1221 
930 


'1!l1R6 
1231 
951 
?EIR7 
1241 
?()C()()[ 11631 
1561 
1561 
1561 
1567 
16113 
1616 
2~'911 


?BIID' 
4151 
1817 
23&7 
2439 
2999 
3632 
5179 
5359 
5385 
?BITSO 4217. 
4411 
?BlfCN 
12621 
3438 
3444 
3511 
3517 
3532 
3542 
3%2 
3968 
39S2 
3W8 
4944 
4954 


?BlfLE 
6491 
'1CImi 
5SSt 
5876 
?CH<SU 
7911 
3426 
3426 
3426 
3558 
3564 
3571 
3511 
3&58 
38S{; 
J858 
4966 
4972 
4979 
4979 


?ClI6T 
1941 
58S 
586 
599 
594 
681 
682 
686 
619 
617 
61B 
62'.1 
G26 
633 
634 
638 


642 
649 
650 
654 
65& 
671 
672 
676 
689 
686 
Ga7 
6~ 
695 
791 
792 
786 


719 
116 
717 
721 
725 
4217 
4218 
4222 
4226 
?CtJ.:I)I 
9121 
?OEf)t£ 
6171 
?OSPT! HWI 
3092 
3998 


?OSPTl't 
S98t 
?ElDI! 
11361 
53&8 
?OR.O 
11271 
5362 
?IJ'OCC 
9651 
2969 
2975 
3211 
:red? 
?[1'PCH19191 
2761 
em 
2912 
3354 
:n69 
?£PPCl 
19911 
2734 
2759 
2'006 
2814 
2(;19 
3327 
3333 
?[Pf'SW 
9741 
2792 
2798 
2£;39 
2845 
2894 
2999 
2939 
2945 
3249 
3255 
3284 
Qge 
?£rRe 
9921 
2924 
2930 
3268 
3274 
4t:S5 
4861 
J969 
5982 
?£PT!" 
983. 
m4 
296e 
3230 
3236 
'iFORm 
295. 
lG15 
1634 
1655 
1688 
IG95 
1722 
1745 
1f8V 
1897 
1819 
1982 
2999 
21113 
~78 
2389 
2441 
2445 
2547 
2587 
2729 
2735 
2742 
2762 
2169 
U93 
~811 
:role 
2!;44 
2862 
2B1l 
2899 
2911 
29'.!9 
2944 
2959 
2974 
~ 
3069 
3997 
3212 
3231 
3258 
3269 
QL'9 
33{j( 
3328 
3355 
~439 
3458 
3477 
34% 
3516 
3531 
3563 
35lJ4 
3634 
3638 
3887 
3814 
3&34 
~1 
3963 
398r 
4982 
4917 
4843 
4971 
4263 
4279 
4299 
4297 
4322 
4398 
4439 
4458 
4558 
4568 
4593 
4645 
4652 
4765 
4789 
4004 
4&"9 
4842 
4860 
4876 
4963 
4987 
5002 
5818 
5943 
5061 
5068 
0996 
~168 
5181 
5197 
5349 
5361 
5375 
53&7 
5461 
5584 
5547 
~ 
5597 
~16 
5623 
~93 
5709 
5727 
S888 
5957 
5971 
60G5 
60C4 
6153 
6229 
6385 
?f~ 
3191 
1638 
1659 
1692 
1792 
198(. 
2739 
2749 
2765 
2771- 
2197 
2815 
28:15 
2866 
3216 
32~ 
3254 
127J 
3311 
J332 
3359 
3443 
3462 
3481 
3599 
3811 
3821 
3838 
384B 
3967 
4~6l 
4277 
4294 
4394 
4482 
4649 
4659 
5e65 
5881 
546S 
5681 
5629 
5636 
5713 
6069 


?f~ 
3391 
1755 
2923 
2452 
2&)7 
3541 
3651 
4953 
4332 
4449 
4468 
4S61l 
45(8 
5529 
5981 
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?f'~ 
3561 


?f!JMi 
3B8I 
1568 
15/6 
1611 
1639 
1(,51 
1(;84 
lr18 
1'(68 
1784 
1003 
1978 
1~ 
2174 
2259 
2331 
2466 
2484 
2543 
2583 
2716 
2(31 
27~ 
2789 
18e7 
2840 
~ 
~ 
2925 
294e 
2955 
2978 


3804 
3865 
3893 
3208 
:ra7 
1246 
3265 
3285 
3303 
3324 
3351 
3425 
34~ 
:>454 
3473 
:S49'l 
3512 
:>559 
3S89 
3803 
3839 
3857 
3959 
3983 
.me 
4013 
4067 
4259 
4286 
4394 
4412 
4!l89 
4641 
4761 
47115 
4880 
4B16 
4838 
4856 
4B72 
4959 
4983 
4S198 
5014 
~39 
S€I5? 
599'.1 
~1(,4 


5193 
5345 
~371 
5457 
5.543 
5577 
~93 
5612 
5G!l7 
~i'5 
!l6b'9 
5785 
5723 
~ 
:iS77 
5953 


6861 
6008 
6154 
6225 
6301 


?H 
12981 
4262 
4278 
4323 
4333 


':'tI3ITH 1928t 
4253 
4266 
4211 


?IIlITL 
1919. 
4285 
4293 
429t 


?IEXEU 1324. 
?If1EGA 19551 
?tJ.'EOO 19641 
?lJI:OC 19n1 
?HREGO19821 
?t~GEl99l1 
?!nit 
11981 


?ITlt' 
(741 
1687 
11'83 
1719 
1719 
1717 
IT'J 
1739 
173fJ 


?KroOO 12881 
2332 
2332 
233£ 
233;3 
~15 
5637 
5893 
~ 
6153 
6159 


?KEY 
757. 
2532 
2588 
~'595 
2595 


?KEI'Fl 
9331 


?KE\tO 
1217. 
5542 
5548 
5658 
';1'.,58 
5G58 
5C64 


?lA$TK 
0911 
~11 
5619 
5624 
5631 
5631 
JG76 
~76 
5676 


?lDATR 
7491 
2819 
2S26 
2833 
28::3 
3633 
3639 
364G 
3646 
3652 
:>65S 
365B 
4644 
4C69 
4667 
4667 


5956 
5964 
5969 
5076 
5976 


?lOOT 
1333. 
1388 
13991 
1442 
15271 
1866 
18761 
1936 
19461 
2146 
21561 
2223 
223:>1 
2289 
229'JI 
2356 


23661 
~""7 
~17' 
2649 
2659t 
2667 
26781 
3137 
3147. 
3383 
3398. 
36{16 
36161 
3674 
:S6841 
3723 


37341 
3758 
37781 
3ge9 
39'.i9t 
499S 
41951 
4139 
41401 
4169 
41731 
4296 
4233. 
4348 
4~91 
4484 
44941 
4698 
46191 
4684 
46941 
4713 
4723. 
4996 
4916. 
J127 
5137. 
:)213 
!l2241 
5253 
. 5263. 
~'8 


53981 
5482 
5413. 
57S9 
57691 
5829 
583')1 
589ij 
59981 
6822 
69321 
6100 
61111I 
6173 
61841 
6248 
6.."581 
6323 
63351 
6391 
64911 
6464 
64761 
6539 
65411 
6691 
6612. 
6675 
66851 
674B 
6767. 
6816 
68261 
6874 
68S4I 
6935 
(8451 
6996 
7897. 
i963 
r9m 
1123 


?fIJtiI 
11541 
3886 
~ 
3997 
4993 
?fEIt.O 
11451 
:>833 
3849 
4012 
4018 
4649 
4648 
4653 


?IIIN>X 
156. 
967 
971. 
971 
976 
9001 
989 
98::> 
9S9I 
389 
994 
9981 
m 
199:> 
10071 
1007 


1912 
19161 
1916 
1921 
19251 
1925 
1(139 
19341 
1934 
1939 
i9·m 
1943 
1948 
19521 
1~ 
19'57 


1961. 
1961 
1966 
1979t 
1978 
1975 
18791 
19n 
11184 
10081 
1988 
1993 
1897. 
1997 
1182 
11961 
1196 
1111 
11151 
1115 
1129 
11241 
1124 
1129 
1133. 
1133 
1138 
1142. 
1142 
1147 
11S1. 
1151 
1156 
11691 
1169 
1165 
11691 
1169 
1174 
11781 
1178 
1183 
1187. 
1187 
1192 
11%1 
1196 
1291 
12B51 
1295 
1219 
1214. 
1214 
1219 
1223. 
1223 
1228 
12321 
1232 
123? 
12411 
1241 
1246 
1~ 
1259 
1255 
12591 
1259 
1264 
12681 
1268 
1273 
12771 
1277 
1282 
12861 
1286 
1291 
12<J5I 
129S 


1399 
13841 
1394 
1389 
1313. 
1313 
1317 
13211 
1321 
1325 
1329. 
1329 


'i!'ISAYE 1581 
587 
693 
619 
635 
651 
673 
688 
i93 
718 
742 
759 
/76 
793 
818 
IQ? 


851 
872 
893 
914 
935 
967 
976 
9S5 
994 
1993 
11112 
1921 
1939 
1939 
1t148 
1957 


1966 
1975 
1984 
1993 
1192 
1111 
1129 
1129 
1138 
1147 
1156 
1165 
11/4 
1183 
11~ 
1291 


1219 
1219 
1228 
1237 
1246 
1255 
1264 
1273 
1282 
1291 
lS99 
13fJ9 
1317 
1325 
4219 


?I«:(l5 
691. 


?1£G1 
/16. 
a~9 
5674 


?l£XTf' 
11991 
2251 
~'51 
2251 
2257 
5878 
5878 
5878 
5884 
5~ 
~958 
J972 
!l9!Q 


?If<EPT 12261 
5576 
J582 
5596 
5692 


?fU[;() 
1181. 
1654 
1669 
2173 
2179 
2467 
24(,7 
2467 
2473 
2715 
2721 


?(J>TIO 11981 
1633 
1639 
1683 
1691 
1696 
1/83 
1(89 
1892 
1898 


?tMllf 
13161 


?OVSIZ 
633. 


?ftUS1 
6861 
2465 


?PlUS3 
191. 
2249 
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?Ri 
991 
428') 
4395 
4312 
4312 
?Ii1II 
1831 
9G5 
966 
974 
975 
983 
934 
9'J2 
993 
1(181 
11182 
1818 
1811 
1819 
18211 
11128 
1829 
1837 
1838 
1846 
1847 
1855 
1856 
1864 
11165 
1873 
1874 
1{1S2 
1883 
1891 
1892 
1188 
1181 
1189 
1118 
111S 
1119 
1127 
112S 
1136 
1137 
1145 
1146 
1154 
1155 
1163 
1164 
1172 
1173 
1181 
1182 
1198 
1191 
1199 
1288 
12118 
1Y.1 
1217 
1218 
1226 
1227 
123S 
1236 
1244 
1245 
1253 
1254 
1262 
1.263 
1271 
1272 
12S8 
1281 
12119 we 
1298 
1299 
~JRf)8 
1811 
748 
741 
745 
757 
758 
762 
i'74 
7(5 
f79 
191 
m 
796 
888 
889 
f)1J 
S25 
826 
838 
?R81 
1821 
849 
Il59 
llS4 
85S 
S79 
871 
S(5 
879 
Ij91 
892 
896 
988 
912 
913 
917 
921 
sn 
934 
938 
942 
?RDEUl12441 
5688 
5694 
5788 
5714 
6864 
6879 
6879 
f.IIC5 
"IRECll'12711 
3495 
J581 
3579 
J58S 
:1.'EGC 12S9I 
4397 
4483 
4448 
4458 
4551 
4561 
4508 
4594 
?R01CN 9711I 
?ROTPA 8491 
SS05 
5512 
5512 
5521 
5527 
5527 
?RSIM 
1441 
591 
595 
687 
611 
62J 
627 
639 
643 
655 
~9 
677 
681 
692 
696 
787 
711 
m 
726 
746 
763 
roe 
797 
L'14 
S31 
855 
859 
876 
888 
8')7 
981 
918 
922 
939 
943 
4223 
42'''7 
?SECftI B881 
?SIZE 
2551 
1303 " 1437 
1861 
1931 
2141 
2~8 
22S4 
2J51 
2582 
2635 
2662 
3132 
3378 
J681 
:sa9 
:m9 
3753 
~ 
4898 
4125 
4164 
4281 
4343 
4479 
468; 
4679 
4788 
49111 
5122 
!>288 
524C 
5293 
5397 
5745 
5824 
5(193 
6817 
6895 
616!l 
6243 
6318 
6386 
6459 
6525 
~96 
667(j 
6743 
6811 
6869 
6938 
6991 
71158 
7118 
?SIfIi1 11181 
2405 
2485 
2485 
2491 
2757 
2765 
27711 
345"1 
3463 
3S82 
:sa18 
3815 
4784 
47S'8 
4982 
49S8 
5182 
5379 
5376 
?SIILO 11891 
2738 
273lJ 
2743 
2861 
2867 
2978 
289f) 
:S386 
3312 
3476 
3482 
3829 
:sa3i' 
3842 
4799 
4885 
4815 
4821 
4837 
4843 
4871 
4877 
4997 
5883 
5813 
S819 
5838 
5844 
51191 
5897 
5192 
5198 
5344 
5J58 
6224 
62J8 
6388 
6386 
?STARTB39I 
138:S 
1383 
1391 
14851 
1431 
1437 
1445 
15331 
1861 
1861 
1869 
11lS21 1931 
1931 
1939 
1957. 
2141 
2141 
2149 
21621 
221S 
2218 
2226 
22441 
22S4 
2284 
2292 
23181 
2351 
2351 
2J59 
2JS21 
2582 
2582 
2518 
25331 
2635 
2635 
2643 
265GI 
2662 
2662 
26711 
26991 
3132 
:SD2 
3148 
31731 
3378 
3378 
3386 
34141 
3681 
J681 
:>t.89 
36221 
3669 
3669 
"ffJ77 
"ffJ95I 
3"/18 
3,18 
37'c!6 
37451 
3753 
3753 
3761 
3(961 
3984 
3984 
3912 
3951. 
4898 
4898 
489S 
41161 
4125 
4125 
4133 
4151. 
4164 
4164 
4172 
41981 
4281 
4281 
4289 
42S41 
4343 
4343 
4351 
43851 
4479 
4479 
4487 
45251 
4683 
4683 
4611 
46351 
4679 
4679 
4687 
47118I 4788 
47ge 
4716 
4754. 
4981 
49111 
4989 
49521 
5122 
5122 
5138 
51~ 
5200 
52Il8 
5216 
~351 
5248 
5248 
5256 
52791 
5293 
~3 
!B81 
53341 5:m 
5397 
5485 
54491 
5745 
5745 
5753 
5791. 
5824 
5824 
S8J2 
:i865I 
5893 
5893 
5981 
59391 
6817 
6817 
6825 
6853. 
6895 
6895 
6183 
61461 
6168 
6168 
6176 
62281 
6243 
6243 
6251 
62941 
6".s18 
ms 
6326 
6371. 
6386 
(;386 
6394 
6437. 
6459 
6459 
6467 
65121 
G525 
6525 
6533 
65821 
6596 
6596 
66IM 
6653. 
66711 
6679 
6678 
67261 
6743 
6(43 
6751 
6773. 
6811 
6811 
6819 
68321 
6869 
6869 
6877 
68981 
6938 
6938 
6938 
6951. 
6991 
6991 
6m 
78481 
71158 
1958 
l866 
71141 
7118 
7118 
7126 
?STRTII1253. 
19S1 
1987 
1995 
2Il81 
2814 
2924 
?T'1n: 
11721 
1577 
1577 
1577 
1S83 
1746 
1756 
1769 
1769 
1769 
1i'75 
1828 
2448 
2446 
2453 
2542 
254S 
J883 
J889 
J864 
3878 
4768 
4766 
4958 
4964 
!l163 
5169 
?t.Nl1Y 
4591 
1744 
2812 
2976 
3538 
41M2 
4321 
4430 
4451 
454!! 
4567 
5583 
!i978 
'MItSN 1&461 
?XPCOO S25. 
?'lEJ(O 
6711 
1559 
1575 
1767 
2483 
3424 
3856 
56!l6 
fflTCH 47&4 
47591 
ASRYE 12391 
5468 
5738 
FlSCERR37&4 
3711 
3715. 


B 
1284t 
4415 
4421 
44(,1 
4529 
4571 
BCOOE 1167. 
1563 
1569 
1598 
1610 
2392 
ansa 
42381 
4422 


EJRJ<Df> 2462 
25001 
BRI<ERRJ800 
:<88!)I 
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lOC 
OOJ 
LII£ 
~ 
STI1TEl£NT 


7243 
EN> 


lJSEk S\'II)(lS 
?fl 
88114 
?ASAVE8802 
?Il 
8802 
?BIr'NT 988& 
?B8fQ 
i18113 
?881<3 88114 
?SeR4 
eees 
:~ 
88116 


?B8R6 
81187 
?B8Ri' 
eeee 
?a1PNT i18117 
?81R2 
81183 
?SiR3 
iI8II4 
?B11o.:481185 
?B1RS 
8896 
'1(l1R6 Yil87 


'1B1R7 eeee 
?8COOE8802 
?Illto' 
9822 
?BITSO 8883 
?W'CH 
8802 
?BlflE 
11883 
?CImi 
81183 
:1QI(5IJ 11898 
?C(JIST 81183 
~I 
9991 
?IlEBI«: 8003 
?D5I'TI 9992 
?DSPTl! 99911 
?EIflI1I &ee2 
?ElR.O &ee2 
?EPfICC9892 
?EN1:H 9882 
?EPPCl 9082 
?EPPSW9082 
?CPR9 ~ 
?ErTHI8802 
?F(J:M 9816 
?F~ 
8918 
?F!JM:$ 891fl 


?FmtM 891C 
?FmIS 
891E 
?H 
9882 
?HBnH 8802 
?If) III 
YiI82 
?lUll! 
9883 
'~GA 
&ee2 
?lnGE 
8802 


?m:GC 9882 
?If(E(i) 9082 
?If:(G[ 
9882 
?tf1EGF 9882 
?IT1f' 
9009 
?KBOOUIlIlII2 
?I([;\' 
IlIl!I9 
?KE\'Fl 81181 
?KEYlO 9882 
?tJl$TK 9881 
?LDATA9800 
:.uI«lT 
ooeo 
?I£ltll 
9082 
:1£11.08802 
?llIII>X (!075 
:-'"SAYE81181 
?t«:lX.S 81183 
?l£G1 
9003 
?l£XTP &ee2 
?If1EPT 9882 
?IU'[O 
&ee2 
?(J'TI 0 B9{Q 
''IMJlr 
8003 
?OY'.IIl 800J 


?PlUS1 9883 
?PlUS3 81183 
?l<1 
11898 
?RAIl 
&ee2 
?R&I 
8899 
"Ra1 
9001 
?J\'DEln 88fj2 
'tREC1\' 9882 
?REGC 9882 
?ROTCH81181 
?ROTPA81181 
"R$AYE 
0009 
?'"".1:GIfl9893 
?SIZE 
900E 
'!SlftU 
&ee2 
?SIflO 
9882 


?ST~T 
II30C 
~RTl! 
8802 
?TVP£ 9882 
?t.Jm' 
Il82A 
?YERSN&ee2 
?XPCOO88118 
?ZERO 9883 
fHTOl 
ern; 
A5AYE 11113E 
RSCERR81C9 
f) 
8943 
8COOE 11II36 
f)ITSO 800B 
BRKOO 8240 
IlRKERR84AC 
BRKfIl 
822E 
BRKNXT8234 
BlfCHT 8941 
BlflEN 89111 
BVTEI1 98F2 
B't'lEIN 98F8 
fJ\'TEO 11108 
coo 
ff46B 
CGINJ 
847C 


CG(J'AT8476 
CGOSS 8489 
CGOTRAII4B8 
CQ)Il 
11476 
CHARCI\ooeo 
c/flRIN 81c!) 
Clm.F 
11IIOO 
CffM«) 11IIII8 
~ 
IlSBf) 
CII(£RR 82£1 
CHKSlJIooes 
CIII 
8640 
ca 
8651 
C12 
9659 
CB 
96b2 
CI4 
9665 
CIN 
8649 
(;I(SIO( 82LlB 
CL.(J'R 85F1 
ClRBFr Il88I) 
C/t)INT tIOOA 
Clf1f6 
85E2 
(;Ift(l 
II5FII 
CHlRlZ IIII1fl 


CHTTBl 84A1 
CHTIRA84AA 
COt 
95C5 
CO2 
85C8 
C03 
85Cf 
COOUil 9886 
ClKBR 8228 
C(»f-Il 
II2E5 
~8461 
~822C 
WI5 IZ (j8113 
tTIIl 
11II23 
cw)IG 8IIIIS 
()ftTfR 
008C 
DATO 
862C 
DflT01 862E 
00l/M( 
IISF5 
DBPNT 8144 
D£>1\'K 8915 
DCB 
81SA 
I:lOOORK9167 
OOAI'EI'I9161 
DEBI«:Eeeee 
OC~ 
1MI93 
OCCSII192rF 
OCCSIfl 92F4 
OCur.' 
94F2 
DElA'l'1 84F5 
oc.~ 
9131 
DFIll 
9148 
IiGO 
8149 
()(J'AT~ 98lF 
()(J1 
8150 
DINTRG8169 
DlST 
814E 
DIU) 
8146 
DI«l)fd( 016fJ 
DIH. 
92E9 
DPR 
9172 
DN:fJRI(8165 
~81sr 
DREC 
8151 
DREl 
9154 
DRI1 
8163 
DRlIf 
813E 
DSC 
81~7 
()5(lOj 
0137 
DSf'OCC961>3 


D!1'IU 
818E 
DSI'lO 
8194 
DSPII1 1!192 
D'"..PIIIDIl199 
DSf'THI 8828 
D5I'fIt? 9IlIl6 
DSS 
9W' 
D1R 
8115 
DIIlRK 8160 
ElSIF1 
9007 
ElS IF2 lIlIES 
ElRII 
9033 
ElR.O 
11II32 
EIfilN( 9992 
UIlRAII 81181 
BU1 
9591: 
ENDFll 9596 
Ell>li:£C8641 
EOF'REC05AE 
EPOCC 9029 
EPfJRI( 934F 
EPCHT 9441 
Eram 
841f 
£PCOO 841!l 
EPrET 
9787 
EPPflSS 9700 
EPPCIIJ 11II25 
Ef'f'ClO 0024 
EPPSW 11II21 
EF'1\'9 
11II23 
Ef'm. 
9714 
Ef'RET 1l4C7 


EPRSET 8919 
~ 
9411II 
~848A 
EPr<tK1 8499 
[mm 
8495 
EPRltI4 84S2 
EHaHi 
941j3 
~84BA 
EPSSTP 9894 
EPSTE1 97DF 
~TE2 
97F1 
EPSTEP 9700 
EPST(J/ 87C3 
EPTlPI1 9822 
ERROO 81B6 
EXIfI9 
1!259 
EX1f11 8278 
EXIlII2 ~ 
EX1f'13 82tlI'l 
EXfIM 8293 
I:JoH'I5 
0275 
Ei<AIIIN824F 
EXI'IOI 9989 
F()IJf>1 9617 
FDUt'2 9628 
F'Dltf'3 9636 
rDLtl'4 Il64S 
FOOf'5 9632 
FIIW' 
0042 
GOTa. 
8471 
H 
894S 
IIlO1 
94D7 
10>2 
9405 
fB)LflY 84C9 
HBITHI 11II27 
III mo 
9826 
Il>ATIN 92Il9 
HEXA'".>C 
91E6 
fEXElf 11II65 
HEXNIB91U 
Ifl)(J£ 
9:iA7 
fFlLEO 9572 
~CIN 
8297 
tH:CO 
9699 
IIlEGA 9!01 
IRGB 
iI92E 
Ifo1GC iI92C 
Ifo:E(j() 9920 
Ift:GE 
992[ 
tH:GF 
I!92F 
III'lEII 
9211II 
It«:9Il 
e1F2 
ItoI 
91F4 
1t«:W1 
91FC 
INIT 
IIIIIIII 
lNITlP 
989E 
IIf'ro1 
9OC7 
IIf'roR 
Il9C9 
INPKE'I'IlllEC 
IIMl.S 
9311II 
1fit? 
iI8II4 
JW<ES 9226 
JIf'TBl 
9286 
JTIFIl 
9222 
J1000 
il228 
JTOlST 921A 
JTIM) 
929F 
J T(J/[C 9211 
JT(J/[l 
0216 
KIlOO.F 9938 
KBDI1 96C6 
KBD1N 96C2 
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11II93 
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KE.'r'FlG8896 
KE\'GO 891E 
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LFE1Et 96i'E 
lFETOl 98FC 
LFlll 
92E9 
LFlll1 
92F3 
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lSTBR1 9746 
LSm12 9748 
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lS T(JIE 9789 
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l~TR8 
972F 
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NIBB 
81C2 
NIBIN 
81B8 
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lURK 
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Asterisks n indicate 
the 
default 
condition 
for 
each 


command; 
thus 
that 
token 
is optional 
and 
serves 
to 


regularize 
the command 
syntax. 


Program/data 
entry and verification 
commands: 


IEXAM) 
IPROG MEM)" 
<LOC> u (NEXT] 


(DATA MEM] 
(PREV] 
(REGISTER] 
(.) 
(HWRE REG) 
(PROG BRK) 
]DATA 
BRK) 


Program/data 
initialization 
commands: 


(FILL] 
(PROG MEM)" 
<SMA> 
(,] <EMA> 
),) <DATA> 
(.) 
(DATA MEM] 
(REGISTER) 
(HWRE REG] 
(PROG BRK] 
(DATA BRK) 


Intellec" 
development 
system 
or ITV 
interface 
corn- 
mands (for transferring 
HEX format 
files): 


(UPLOADI 
(PROG MEM)" 
<SMA> 
(,] <EMA> 
I.] 
(DATA ME M] 
(REGISTER) 
(HWRE REG] 
IPROG BRK) 
(DATA BRKI 


(DNLOADI 
(PROG MEM)" 
(.1 


(DATA MEMI 
(REGISTERI 
(HWRE REG] 
(PROG BRKI 
(DATA BRK] 


Formatted 
data dump to TTV or CRT: 


(LIST] 
IPROG MEM)· 
<SMA> 
(,I <EMA> 
(.) 


(DATA MEM] 
(REGISTER] 
(HWRE REG] 
(PROG BRK) 
(DATA BRK] 


APPENDIX 
D 


ERROR 
MESSAGES 


The 
following 
error 
message 
codes 
are 
used 
by the 
monitor 
software 
to report 
an operator 
or hardware 
er- 
ror. Errors 
may be cleared 
by pressing 
[CLRlPREV] 
or 


[END/.]. 
The 
format 
used 
for 
reporting 
errors 
is 


"Error- 
.n" where "n" 
is a hex digit. 


Operator 
Errors 


1. Illegal 
command 
initiator. 


2. Illegal 
command 
modifier 
or parameter 
digit. 


3. Illegal 
terminator 
for Examine 
command. 


4. Illegal 
attempt 
to clear Error mode. 


5-9. 
Not used. 


Hardware 
Errors 


A. ASCII 
error 
- 
non-hex 
digit 
encountered 
in data 


field of hex format 
record. 


B. Breakpoint 
error. Break logic activated 
though 
break- 


points 
not enabled. 


C. Hex 
format 
record 
checksum 
error. 
Note 
- 
the 


checksum 
will not be verified 
if the first character 
of 
the checksum 
field 
is a question 
mark ("?") 
rather 
than a hexidecimal 
digit. 
This allows 
object 
files 
to 


be patched 
using 
the 
1515 
text 
editor 
without 
the 


necessity 
of 
manually 
recomputing 
the 
checksum 


value. 


D. Not used. 


E. Execution 
processor 
failed to respond 
to a command 


or parameter 
passed 
to it by the master 
processor. 


EP automatically 
reset. 
EP internal 
status 
may be 


lost. 
Program 
memory 
not affected. 


F. Not used. 
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intel· 
AP·91 


USING THE 8049 AS AN 80 COLUMN 
PRINTER CONTROLLER 
I. 
INTRODUCTION 


This 
Application 
Note 
details 
using 
INTEL's 
8049 
microcomputer 
as 
a dot 
matrix 
printer 
controller, 


Previous 
INTEL 
Application 
notes, 
(e.g. AP-27 
and 
AP-54) described 
using intelligent 
'processors 
and peri- 


pherals 
to control 
single 
printer 
mechanisms. 
This 
Application 
note expands 
upon the theme 
established 
in these prior notes and extends 
the concept 
to include 
a complete 
bi-directional 
80 column 
printer 
using 
a 
single 
line buffer. 
For 
convenience 
this 
application 
note is divided 
into six sections: 


1. INTRODUCTION 
2. PRINT 
MECHANISM 
DESCRIPTION 
3. INTERFACE 
CIRCUITRY 
4. SOFTWARE 
5. CONCLUSION 
6. APPENDIX 


Over the last few years 
80 column output 
devices 
have 
become 
somewhat 
of a defacto 
output 
standard 
for 
business 
and 
some 
data 
processing 
applications. 
It 
should 
be 
mentioned 
that 
by 
no means 
is the 
80 
column format a "new" standard. 
80 column computer 
cards 
have 
been 
around 
for more 
than 
20 years 
and 
perhaps 
the existence 
of these 
cards in the early days 
of computers 
is why the 80 column format is a standard 
today. 


Many 
CRT 
terminals 
use 
the 
80 by N format 
and 
to complement 
this a number 
of printers 
use this same 
format. 
One 
reason, 
aside 
from 
those 
historic 
in 
nature. 
for the 80 column standard 
is that 80 columns 
of 12 pitch 
text 
on standard 
typewritten 
8.5 inch by 
11 inch paper 
completely 
fills up an entire 
line and al- 


low ample room for margins. 
So. the 80 column format 
is an aesthetically 
convenient 
format. 


Printers 
are usually 
divided 
into either 
impact 
or non- 
impact and a character 
or line oriented 
device. 
Impact 
printers 
actually 
use some type 
of "striker" 
to place 
ink on the 
paper. 
More 
often 
than 
not 
the 
ink is 
contained 
on a ribbon 
which 
is placed 
between 
the 
striker 
and the paper. 
·Non-impact 
printers 
use some 
means other 
than direct 
pressure 
to place the charac- 
ters on the paper. 
This type of printer 
is very fast be- 


cause there 
is very little mechanical 
motion associated 
with placing 
the characters 
on the paper. 
However. 
because 
the 
paper 
is required 
to be treated 
with 
a 
special substance. 
it is not as convenient 
as an impact 
printer. 


Character 
printers 
are capable 
of printing 
one charac- 
ter at a time. 
(Any standard 
home typewriter 
is in 
effect a character 
printer.! 
Line printers 
must print an 


entire 
line at a time. 
Line printers 
are usually 
quite 
a bit faster 
than 
character 
printers. 
but they 
usually 
don't offer the print quality 
of character 
printers. 


In recent 
years, 
the "computer 
boom" has caused 
the 
price 
of printers 
to tumble 
markedly. 
High 
volume 
production, 
competition, 
and the tremendous 
demand 
for reliable 
print 
mechanisms 
have all contributed 
to 
the decrease 
in price. 
Because 
of their 
simplicity, 
line 
printer 
mechanisms 
have 
decreased' 
in price 
faster 
than other 
mechanisms. 
Therefore, 
when high quality 
print 
is not needed. 
a line printer 
is a very attractive 


choice. 


This application 
note describes 
how to control 
an 80 
column 
impact-line 
printer 
with 
an 8049/8039. 
The 
complete 
software 
listing 
is included 
in the appendix. 


The 8049 is the high-performance 
member 
of the MCS- 


48TM microcontroller 
family. 
The Processor 
has all of 
the features 
of the 8048 plus twice the amount 
of pro- 


gram 
and data 
memory 
and an 11MHz 
clock speed. 


For details 
about the 8049, please refer 
to the MCS-48 
user's 
manual. 


11. 
PRINT MECHANISM 
DESCRIPTION 


The 
model 
820 printer 
is available 
from 
C. ITOH 
ELECTRONICS 
(5301 BEETHOVEN 
STREET. 
LOS 
ANGELES. 
CA 90066). 
This inexpensive 
and simple 
printer 
is ideal for applications 
requiring 
80 columns 
of dot matrix 
alpha-numeric 
information. 


The 
model 
820 printer 
is comprised 
of three 
basic 
sub-assemblies; 
the 
chassis 
or frame. 
the 
paper 
feed 
mechanism, 
and the print 
head. 
The diagram 
in Fig- 


ure 2.1 gives the physical 
dimensions 
of the basic print 
mechanism. 
The basic chassis 
for the printer 
is con- 
structed 
out of four 
sheet 
metal 
stampings. 
These 
stampings 
are screwed 
together 
to form a sturdy 
base 
on which 
all other 
components 
of the 
printer 
are 


mounted. 


The paper feed mechanism 
consists 
of a toothed 
wheel, 
a solenoid, a tension 
spring, 
and a "catcher." 
When the 


solenoid 
is activated. 
the 
arm 
of the 
solenoid 
pulls 
against 
the spring 
and drags 
over the toothed 
wheel. 


When the solenoid 
is released. 
its arm is pulled by the 


spring, 
but 
this 
time 
the 
arm 
grabs 
a tooth 
on the 
wheel and pulls the wheel forward 
which advances 
the 
paper. 
A "catcher," 
which is merely 
a piece of plastic 
held 
against 
the 
toothed 
wheel. 
is added 
to assure 
that 
the paper 
is advanced 
only one "tooth" 
position 
each time the solenoid is activated. 


The print 
head is comprised 
of seven 
solenoids 
which 
are mounted 
in a common 
housing. 
The solenoids 
are 
physically 
mounted 
in a circle. but their 
hammers 
are 
positioned 
linearly 
along 
the 
vertical 
axis. 
These 
seven 
vertically 
positioned 
hammers 
are the strikers 
that actually 
do the printing. 
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Figure 2.1 Physical Dimensions 
of C.ITOH Model 
820 Printer 
A motor, mounted 
toward 
the back of the print 
mech- 


anism, drives 
a rubber 
toothed 
belt which turns 
a rol- 


ler guide. 
A motor 
turns 
a guide 
that 
moves 
the 


print head from right to left and left to right. 
By prop- 


erly 
timing 
the 
current 
flow through 
the 
solenoids 


while the print 
head is moving 
across 
the paper, 
char- 


acters 
can be formed. 
Figure 
2.2 illustrates 
how the 


dot matrix 
printer 
"forms" 
its characters. 


The timing 
pulses 
for the 
print 
head 
mechanism 
are 


generated 
by an opto-electronic 
sensor. 
This sensor, 


located 
on the 
left side plate 
of the 
printer, 
informs 
the print controller 
when to apply current 
to the print 


head mechanism. 
This "on-board timing wheel" assures 


that 
all characters 
will be properly 
spaced 
and that 
they will all be "in-line" in a vertical 
sense. 


The print 
mechanism 
is also equipped 
with 
two ad- 


ditional 
sensors. 
These 
are 
the 
left 
home 
position 


sensor, 
located 
near 
the left front 
of the mechanism, 


and the right 
home position 
sensor, 
located 
near 
the 


right 
front 
of the 
print 
mechanism. 
These 
sensors 


simply 
tell the 
controller 
when 
the 
print 
head 
is in 


either 
the 
left or right 
home 
position. 
A complete 


timing chart for the printer 
is shown in Figure 
2.3. 


Ill. 
INTERFACE CIRCUITRY 


The 
manual 
supplied 
with 
the 
printer 
recommends 


some specific 
interface 
circuitry. 
For 
the 
most 
part 


the circuitry 
used 
in this 
Application 
Note 
followed 


these 
suggestions. 
The circuitry 
needed 
to drive 
the 


print 
head solenoid 
is. shown in Figure 
3.1. This same 
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[ZJ 
[ZJ 
[ZJ~~~ 


~ 


~ 
~[ZJ[ZJ[ZJrx1 


PRINT 
WIRE 
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4 
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Figure 2.2 "Formation" 
of a Character by a Dot 


( Matrix Printer 
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Figure 2.3 Timing Diagram of C. ITOH 
Model 820 Printer 
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Figure 3.1 Solenoid 
Drive Circuit 
(Eliminate 
R2 for Line Feed Solenoid) 
circuit 
is used 
to drive 
the 
line feed solenoid 
except 
that 
the 
current 
limiting 
resistor 
R2 is eliminated. 


This resistor 
is not needed 
because 
the line feed solen- 
oid is physically 
much larger 
than 
the print 
head sol- 
enoids and can tolerate 
much higher levels of current. 


The 
print 
head 
drivers 
are 
connected 
to 
an 
8212 
latch. 
The latch is interfaced 
to the BUS PORT on the 
8049 and is enabled whenever 
the WR pin and the BIT 4 
of PORT 1 are coincidentally 
low. The line feed driver 
is connected 
to PORT 1 BIT 1 of the 8049. 


Note that the driver 
is simply a Darlington 
transistor 
that is driven 
by an open collector 
TTL gate. 
Resistor 
R2 is the current 
limiting 
resistor 
and diode D, capa- 
citor C, and resistor 
R3 are used to "dampen" 
the in- 


ductive 
spike 
that 
occurs 
when 
driving 
solenoid 
S. 
This circuit 
is repeated 
for each of the seven solenoids 
in the 
print 
head. 
It should 
be mentioned 
that, 
al- 
though 
the 
type 
of Darlington 
transistor 
needed 
to 
drive the print 
head is not critical, 
a collector 
current 
rating 
of at least 
5 amps 
and 
a breakdown 
voltage 


(Vceo) of at least 
100 volts is needed. 
Transistors 
that 
do not meet 
these 
requirements 
will be damaged 
by 
the inductive 
kickback 
of the solenoids. 


As mentioned 
in Section 
2, the printer 
provides 
some 
sensor interface 
signals that are derived 
via three opto- 
electronic 
sensors. 
These 
signals 
must 
be amplified 


and converted 
to TTL levels 
in order 
to interface 
to 
the controller. 
This conversion 
is accomplished 
with a 


simple voltage 
comparator. 
Figure 
3.2 is a schematic 


of the sensor 
interface 
circuitry. 
Note that 
hysterisis 


is employed 
on the voltage 
comparators. 
This elimi- 


nates "false" sensing'. 


33K 


~---d<~;I---<) 
OUTPUT 


56K 


Figure 3.2 Example of Sensor Circuit 


Motor 
control 
is accomplished 
by using 
a Monsanto 
MCS-62oo optically-coupled 
TRIAC. 
This part is ideal 


in this kind of application 
because 
it provides 
a simple 
means 
of controlling 
a line-operated 
motor 
without 


sacrificing 
the 
isolation 
needed 
for safe and reliable 


operation. 
Figure 
3.3 is a schematic 
of the motor driv- 


ing circuit. 
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Figure 3.3 Motor Driving Circuit 
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To interface 8049 to the outside world one 8212 latch 
was used. This latch was connected to the BUS PORT 
and is enabled by an INS or MOVX instruction coin- 
cident with BIT 4 of PORT 1 being in a logical zero 
state. In this configuration. the 8212 was used to hold 
the data until read by the 8049. The connection of 
the 8212 to the 8049 is shown in Figure 3.4 and the 
parallel port timing diagram is shown in Figure 3.5. 
The 8212 parallel port was connected to the LINE 
PRINTER OUTPUT of an INTELLEC MICROCOM· 
PUTER DEVELOPMENT SYSTEM. 
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Figure 3.4 Connection of the 8212 
Input Port to the 8049 
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Figure 3.5 Parallel Port Timing 


IV. SOFTWARE 
As mentioned in Section 2. the bulk of the timing 
needed to control the printer is actually generated by 
the printer itself. Therefore. all the software must do 
is harness these timing signals and turn on and off the 
right solenoids at the right time. 


To make things easy. the software needed to drive 
the printer 
is broken into four separate 
routines. 


These are: 


1. INITIALIZATION ROUTINE 
2. INPUT ROUTINE 
3. OUTPUT ROUTINE 
4. LOOKUP ROUTINE 


The INITIALIZATION ROUTINE turns the motor on 
and checks the opto-electronic sensors. 
If a failure is 


found. the routine turns off the motor and loops on it- 
self. This insures that the, print mechanism is cycled 
properly before characters are accepted for printing. 


This routine also initializes all of the variables used by 
the printer. 


The INPUT ROUTINE reads the characters that are 
present in the 8212input port and writes them into the 
8049's buffer memory. 
The routine then checks the 


characters to see if a CARRIAGE RETURN (ASCII 
OCH) has been transmitted. 
If a CR is detected. the 
input routine automatically inserts a LINE FEED as 
the next character. 
When the input routine detects a 


LINE FEED. it stops reading characters and sets the 
direction bits and the print bit in the status register. 
This action evokes the OUTPUT ROUTINE. A detailed 
flowchart of the INPUT ROUTINE is shown in Figure 
4.1. 


YES 


Figure 4.1 Input Routine Flowchart 
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The OUTPUT 
ROUTINE 
initializes 
both the input and 
output 
buffer 
pointers 
and then 
reads 
the characters 
from the 
8049's 
buffer 
memory. 
After 
a character 
is read 
the 
OUTPUT 
ROUTINE 
calls the 
LOOKUP 
ROUTINE 
which reads 
the proper 
bit pattern 
to form 
that character. 
This bit pattern 
is then used to strobe 
the 
solenoids. 
After 
each 
character 
is printed, 
the 
OUTPUT 
ROUTINE 
calls the INPUT 
ROUTINE 
and 
another 
character 
is placed 
into the 
buffer .memory, 


This type of operation 
guarantees 
that the input buffer 
cannot 
"overrun" 
the 
output 
buffer. 
A 
flowchart 
of the OUTPUT 
ROUTINE 
is shown in Figure 
4.2. 


Figure 4.2 Output Routine Flowchart 


IV·I. HANDLING 
THE I/O BUFFER 


Since 
the 
C. ITOH 
Model 
820 printer 
is capable 
of 
printing 
in both 
directions 
the 
80 character 
buffer 
must be manipulated 
in a manner 
as to allow maximum 
input-output 
efficiency. 
This is accomplished 
by rever- 
sing the "direction" 
of the 
buffer 
memory 
each time 
the printer 
is printing 
from right 
to left. 
For simpli- 
city, if it is assumed 
that 
the buffer 
is only five bytes 
long, Figure 
4.3 can be used to help explain 
the buffer 
operation. 


Initially 
the input buffer 
pointer 
is loaded with the ad- 
dress 
of the first 
location 
in the buffer 
memory. 
As 
characters 
are 
read, 
the 
input 
buffer 
pointer 
incre- 


ments 
and fills the buffer 
memory 
as shown in Figure 
4.3(b) through 
4.3(f). 
When 
a CARRIAGE 
RETURN- 
LINE 
FEED 
(CRLF) is encountered 
the input 
buffer 
pointer 
and the output 
buffer pointer 
are reset 
back to 
the rust location. 
The OUTPUT 
ROUTINE 
then reads 
the character 
from the first location in the buffer mem- 
ory, increments 
the output 
buffer pointer 
and calls the 
INPUT 
ROUTINE. 
which 
reads 
another 
character 
from the parallel 
input port. 


The OUTPUT 
ROUTINE 
reads 
the entire 
buffer. 
in- 


serting 
space 
codes 
(20H) after 
a CR 
is detected. 
and the input buffer 
pointer 
follows the output 
buffer 
pointer 
as they "increment" 
up to the buffer 
memory. 


When 
the 
OUTPUT 
ROUTINE 
has printed 
the 
last 
character 
or space. the output 
buffer 
pointer 
and the 
input buffer pointer 
are set to point at the last location 
of the buffer 
memory. 
The OUTPUT 
ROUTINE 
then 
reads the character 
from the last location of the buffer 
memory 
and proceeds 
to "decrement" 
down the buffer 
memory. 
Space codes are inserted 
until a CR is found. 
Figure 
4.3(1) to 4.3(0). 


The 
input 
buffer 
pointer 
follows 
the 
output 
buffer 
pointer 
just 
as in the previous 
case. 
When 
the 
last. 


or in this case the first character 
is printed. 
the output 
buffer 
pointer 
and the input 
buffer 
pointer 
are set to 
point at the last location 
of the buffer 
memory. 
Now 
the 
pointers 
are 
"decrementing" 
down 
the 
buffer 
memory. 
but the printer 
is actually 
printing 
in a "nor- 
mal" left to right fashion. 


When the last character 
or space is printed. 
the output 
buffer and the input buffer 
pointer 
are set to the rust 
location of the buffer memory 
and printing 
takes 
place 
in a reverse 
or right 
to left manner. 
After 
this 
line 
is printed. 
the print 
head and both buffer 
pointers 
are 
in the same 
position 
as they 
were 
initially. 
So. four 
lines must 
be printed 
before 
the 
buffer 
pointers 
and 
the 
print 
head 
complete 
a cycle. 
Each 
of these 
sit- 
uations 
is handled 
separately 
by four 
different 
sub- 


routines: 
CASEO. CASEI. 
CASE2. and CASE3. 


IV·U. TIMING 


All critical timing for the printer 
controller 
came from 
two basic sources; 
the timing 
sensors 
on the 
printer 
and the internal 
eight-bit 
timer of the 8049. 


The 
internal 
timer 
of the 
8049 was 
used 
to control 
the 
length 
of 
time 
the 
solenoids 
were 
rued 
(600 
microseconds) 
and 
was 
also used 
as a "one-shot" 
to 
align the printer. 
This alignment 
is needed 
to make 
the 
"backward" 
printing 
line up vertically 
with 
the 
normal or forward 
printing. 
The "one-shot" 
is used to 
measure 
the 
time 
from 
the 
last 
column 
of the 
last 
character 
position until the right sensor 
flag is covered. 
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Figure 4.3 I/O Buffer Handler 
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111'111~"!,!,,,ellLlOll. 
cne mgn 
speea or the I:lU411 makes it 
possible to "fine-tune" 
any critical timing parameters. 
Additionally. 
the extra 
available 
CPU time could be 
used to add an interrupt 
driven keyboard 
and display • 


. such as the ones discussed 
in AP-40. to the printer. 
This would allow the printer 
to function as a complete 
"terminal". 


Very little attempt 
was made to optimize the software. 
but still the 
entire 
program 
fits easily 
in 1.25K of 
memory; 750 bytes for printer 
control and 500 bytes 
for character 
lookup. Adding lower case to the printer 
would require 
an additional 
500 bytes of lookup table. 
The remaining 
250 bytes should be used to add "user" 
features 
such as tabs. double width printing. etc. 


The high speed of the 8049 combined 
with its hard- 
ware and software 
architecture 
make it an ideal choice 
for controlling an 80 column. bi-directional 
line printer. 
The 1/0 structure 
of the 8049 minimizes 
the amount 
of external 
hardware 
needed to control the printer 
and 
the large amount of on-board program 
and data mem- 
ory allow quite a sophisticated 
control program 
to be 
implemented. 
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APPENDIX B. MONITOR LISTING 


L~( 
OBJ 


BBB8 
8801 
OU. 
98a3 
BBB4 
88B5 


OBB6 
08 B, 
aa 6F 
a82B 


SEQ 


s~ 


19 
11 
12 
1 J 
14 
15 
10 
17 
13 
H 
2B 
21 
;!2 


!H!S 
P~DG~A" 
IMPLE"ENTS 
CONT~OL 
OF 
TNE 
C 
ITON 
"ODEL 
82B 


,PPINTER 
THE 
HARDWARE 
CONFIGURATION 
IS 
AS 
SUCN: 


;B212 
INPUT 
PORT 
ON 
IUS' 
DATA 
INPUT 


:8212 
OUTPUT 
PORT 
ON 
BUS. 
OUTPUT 
TO 
SOLENOID 
HA""ERS 


;TI 
IHPUT 
• 
CHARACTER 
POSITIOHING 
SENSOR 
ON 
PRINTER 


.Ta 
;HPU' 
• 
iNTERRUPT 
FRO" 
8212 
INPUT 
PORT 


;PORT 
la 
MOTOR 
ON. 
LOW' 
ON 


,PORT 
I I 
LINE 
FEED 
STROBE, 
LOW' 
ON 


:PORT 
16 
• 
LE~T 
MARGIN 
SENSOR, 
LOW 
WHEN 
COYERED, 
HI'" 
WHEN 
OPEN 


:PORT 
!? 
• 
RIGHT 
"ARGIN 
SENSOR. 
LOW 
WHEH 
COYERED, 
HIG" 
VHEN 
OPEN 
:TI 
• 
PIN 
2 
OF 
L"JJ', 
PRINT 
WHEEL 
SENSOR 


;PORT 
16 
PIN 
13 
OF 
LH33' 


;PO~T 
17 
• 
PIH 
\4 
OF 
LH3J' 


; 
$.~ 
$.*•••••••••••• ~•••••••••••••••••••••••••••••••••• 


;SVSTE" 
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i"SUF 
EOU 
R8 
OLI T SU F 
EOU 
RI 


SAVPHT 
£OU 
R2 


STSCNT 
£OU 
RJ 
lE MPI 
£OU 
R' 


ST~TlIS 
EOU 
R5 


;POINTS 
AT 
INPUT 
LOCATION 


:POIHTS 
AT 
OUTPUT 
LOCATION 


;STATUS 
FOR 
PRIHTING 


;STR08E 
COUNTER 


2J 
24 
25 
26 
27 
28 
2' 
38 
J I 
32 
3J 
34 
J5 
H 
37 
38 
H 
li HCNT 
EOU 
4a 
,IUNKI 
£OU 
41 "H 
£OU 
42 
FIRST 
EOU 
43 
HJECT 


;BIT 
• 
LINE 
FEED 
SET 


;BIT 
• 
PRIHT 


;BIT 
CONTINUE 


;BIT 
CR 
FOUND 


.BIT 
LF 
FOUND 


.BIT 
LF 
FOUND 
IH 
PRINTING 


;BIT 
6 
PRINT 
DIRECTION 


;B 
• 
RICHT 
TO 
LEFT 


:1 
• 
LEFT 
TO 
RIGHT 


;BIT 
7 • 
BUFFER 
LOAD 
DIRECTIOH 


;B • 
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TO 
"AX 


;1 
• 
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TO 
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;TNE 
LINE 
COUNTER 


,"AM 
BUFFER 
LOCATION 
:SDTTON 
OF 
BUFFER 
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LOC 
08J 
SE g 
SOURCE 
STHTE"ENT 


<4 


aBBB 
'5 
OH 
B0 O~ 


"' 
47 
! J U"P 
on P. 
'! HE 
INTERRUPT 
LOCATIONS 
48 
J8BB 
IS 
4~ 
(I IS 
I 
; DON'T 
llSE 
INTERRUPTS 


a881 
a4BB 
ss 
..'"P 
HIM 
.: BEeI 
N 
THE 
PRO' 
RAft 
51 
USA 
52 
OH 
BHN 
53 
54 
.:STur 
T~E 
~P.OGRAft 
55 
H 
:lOOP 
usr i , 
TH E 
8UF FER 
FILL 
S 
UP 
57 
B88~ 
H 
58 
PRNT: 
"(IV 
A.ST~TUS 
:GET 
THE 
STATUS 
8888 
3211 
5! 
J81 
LPP.NT 
:IF 
PRINTING, 
(:ONTINUE 


aB8D 
HBB 
6B 
CkLL 
L[>BUF 
: REAO 
IHTO 
THE 
BUFFER 


aBSF 
a.1A 
(> I 
J"P 
PP.HT 
.: LOOP 
6~ 
63 
. T HI S 
Po ou r I HE 
PRINTS 
A 
L1HE 
•• 
. IT 
F I PoST 
SH 
',lE S 
THE 
STATUS 


65 
·"NO 
THEN 
'>E!EP."INES 
WHICH 
DIRECTIOH 
TO 
PRINT 
h 
·.HO 
HOW TO 
"ANIPULATE 
THE 
SUFFER 


67 
DB 1I 
3H~ 
.~ 
LP R!lT : 
JftP 
~'O' 
~( 
HK 
.: GO F I X 
UP 
THE 
STATUS 


3B I 3 
F2~" 
,~LP P.HT I : 
J87 
[.MSE23 
'JU"P 
TO 
CASE 
2 
AND 
3 


3B15 
04lf 
70 
,'ftP 
[ "·;E 01 
; ,I U"P 
TO 
CASE 
e 
AND 
I 


7 I 
72 
: ("SEOI, 
LO~CIINC 
THE 
BUF FER 
FRO" 
F UST 
TO 
UX 


73 


BB 17 
8!1:!B 
o. CASE81 
: 
"(1'0/ 
[>lJT8UF. 
IF IRST 
.: SE T 
UP 
OUTBUF 
aa I' 
38 ~B 
75 
"0'; 
! H3UF .IFIRST 
; SE T 
UP 
INBUF 


9818 
FA 
7iJ 
"0'; 
~ . '3A',I'H T 
:GET 
THE 
SAYED 
STATUS 


aBIC 
Hilt 
, , 
C.LL 
"(fTON 
.: TURH 
ON 
THE 
"OTOR 


BOlE 
[1252 
73 
,,18' 
( I"I;E 
1 
; PR I NT 
FOWARO 


OB2B 
')483 
;', 
CHL 
PP.IHBK 
: GET 
P.EAOY 
TO 
PRINT 
BACKWARDS 
&)822 
0.31 
8B 
J ftP 
( H SE 8 
, PR I HT 
8ACr-WARDS 
B 1 
82 
.:(:HSEZ3, 
LOAnING 
BUFFER 
FRO" 
"AX 
TO 
FIRS 
T 
83 


B824 
8,,,F 
8' 
CASE23: 
"OY 
OIlTBUF, 
'ftAX 
.: SE T 
UP 
OU!BUF 


aa 26 
B8.F 
85 
"oy 
;H3UF,lftAX 
:SET 
UP 
INBUF 


1128 
FA 
8'; 
"OY 
A 
"U'JPHT 
GET 
T NE 
PRIHT 
STATUS 
B82~ 
H(>C 
87 
CAll 
11° 1(IU 
TURH 
OH 
THE 
"D T OR 


3828 
02C2 
88 
JH 
[ "'.E 
3 
PRINT 
LEF T 
TO 
RIGHT 


B820 
H83 
89 
CALL 
PPlfTBK 
GET 
REAPY 
TO 
PRINT 
8ACUARDS 
a82F 
0430 
'B 
,I"P 
(." 3£ 2 
PRINT 
RIGHT 
TO 
lEFT 
~ 1 
92 
SE JE[:T 
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LOC 
08J 
SE D 
SOURCE 
STATE"ENT 


1131 
FI 
n CASEI 
: 
"OY 
A •• OUTBUF 
;CET 
TNE 
CNARACTER 
1132 
3.,1 
H 
CALL 
HPRHT 
;AOJUST 
FOR 
PRINTINC 
•• 34 
8121 
" 
"OY 
'OUT8UF.12IN 
;PUT 
A 
SPACE 
IN 
8UFFER 
RA" 
1136 
F242 
" 
J87 
FOC 
,FOUNO 
A 
CR 
1138 
H'E 
H 
CALL 
INCTST 
'UPDATE 
OUTBUF 
113A 
CUE 
" 
JZ 
~ATCHO 
;~A IT 
FOR 
END 
113C 
BF21 
" 
"OY 
JUNK I. 121N 
;CET 
A 
SPACE 
TO 
PRINT 
113E 
'.63 
III 
CALL 
CTPRNT 
;CO 
PRINT 
A 
SPACE 
11.1 
1411 
III 
JRP 
CASEI 
;LOOP 
11.2 
8F21 
112 
FOC: 
"OY 
JUHKI.IUH 
;CO 
PRIHT 
THE 
LAST 
SPACE 
1144 
'.63 
113 
FOC I: 
CALL 
CTPRNT 
;CO 
PRINT 
A 
CHARACTER 
1146 
HU 
11. 
CALL 
IHCTST 
;CHECK 
OUT 
8UFFER 
11 •• 
CUE 
11' 
JZ 
~ATCHO 
;WAIT 
FOR 
THE 
END 
II.A 
FI 
116 
"DY 
A. 'OUT8UF 
;CET 
THE 
CHARACTER 
11.8 
812. 
117 
"DY 
.0UT8UF.I2IH 
,PUT 
A 
SPACE 
THERE 
11.0 
3.,1 
III 
CALL 
FXPRHT 
;FIX 
THE 
CHARACTER 
UP 
II.F 
AF 
119 
"OY 
JUNKI.A 
;SAYE 
IT 
..,. 14 •• 
I1I 
JRP 
FOCI 
;LOOP 
III 
112 
, 


113 
;CASE 
I. 
PRlHTINC 
LEFT 
TO 
R1CHT. 
LOAOINC 
8UFFER 
FRO" 
114 
,FIRST 
TO 
UX 
115 
1152 
FI 
116 
CA S El: 
UY 
A.'OUT8UF 
CE T 
THE 
CNARACTER 
1153 
34'1 
117 
CALL 
HPRHT 
ADJUST 
FOR 
PRINTINC 
1855 
AF 
118 
"DY 
JUNU.A 
SA YE 
ACC 
1156 
BI21 
lit 
"DY 
'OUT8UF.12IH 
PUT 
A 
SPACE 
IN 
THE 
BUFFER 
1158 
F262 
121 
J87 
CRFONO 
FOUND 
A 
CR? 
115A 
'4i3 
121 
CALL 
CTPRHT 
CO 
PRINT 
THE 
CHARACTER 
115C 
'.5E 
122 
CALL 
IHCTST 
CHECK 
THE 
BUFFER 
•• 5E 
C675 
123 
JZ 
YATCH 
IS 
THE 
LAST 
CHARACTER 
BEINC 
PRINTED? 
1161 
8.52 
124 
JR' 
CASEI 
LOOP 
1162 
BI21 
125 
CRFOND: 
"OY 
'OUT8UF 
.128H 
PUT 
A 
SPACE 
IN 
THE 
BUFFER 
"E"ORV 
116. 
BF21 
126 
"OY 
JUNKI..2BH 
PUT 
A 
SPACE 
IN 
TE"P 
LOCATION 
11" 
,.63 
127 
CALL 
CTPRHT 
CD 
PRINT 
TNE 
SPACE 
11" 
'.U 
128 
CALL 
INCTST 
CHECk 
THE 
BUFFER 
IIU 
C675 
la 
JZ 
~ATCH 
LAST 
CHARACTER 
PRINT[D? 
11 it 
FI 
III 
"OY 
A.'OUTBUF 
CET 
THE 
NEXT 
CHARACTER 
1160 
3491 
131 
CALL 
FXPRNT 
ADJUST 
IT 
•• 6F 
1.62 
112 
J"' 
CRFOHO 
LOOP 
III 
HJECT 
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LOC 
OBJ 


1171 
'478 
1173 
141A 


.175 
27 
117i 
i2 
8177 
55 
8178 
3411 
117A 
., 
117B 
F27A 


1170 
" 
117E 
FO 
117F 
5285 
1181 
'4DF 
1183 
53FD 
1185 
53F8 
11'7 
AD 
11 •• 
FA 
•• " 
8271 
11 •• 
148A 


1180 
FI 
118E 
3.,1 
•.,1 
BI21 
11'2 
F2'E 
8IH 
'472 
1.,6 
C6AE 
•.,8 
BF 21 
II'A 
'463 
IUC 
1480 
IIn 
BF21 
IIAI 
'463 
IIA2 
'472 
IIA4 
C6AE 
&lA6 
F I 
IBA7 
34'1 
&lA' 
AF 
IlAA 
8121 
BIAC 
14AB 


SEV 
SOURCE 
STATE"ENT 


134 
135 
13' 
137 
DOLF: 


138 
139 
141 
141 
142 
143 
WATCN: 
144 
145 
146 
147 
LOOPV: 


148 
14' 
151 
151 
152 
153 
154 
OVRI: 
155 
156 
157 
158 
159 
161 
161 
162 
163 
164 
165 
CASE2: 
I" 
167 
168 
169 
171 
171 
172 
173 
174 
FOCR: 


175 
FOCRI: 


176 
177 
178 
17' 
188 
181 
182 
183 
fEHCT 


ITHIS 
ROUTINE 
CALLS 
TNE 
LINE 
FEED 


CALL 
JRP 
L INHO 
PRNT 


ISTR08E 
LINE 
FEED 
SOLENOID 
;CD 
8ACK 
TO 
TNE 
PRINT 
ROUTINE 


ITHIS 
ROUTINE 
COMPLETES 
A 
LINE 
WHEN 
TNE 
PRINT 
IHEAD 
IS 
"OYINC 
LEFT 
TO 
RICHT 


CL. 
"DY 
STRT 
CALL 
IN 
J87 
STOP 
"DV 
J82 
CALL 
ANL 
ANL 
"DY 
"DY 
JB5 
JRP 


A 
T, 
A 


T 
L 0 BUF 
A, PI 
LOOPW 
T CHT 
A,STATUS 
DYRI 
"OTOF 
A,IIHH 
A,IIF8H 
STATUS,A 
A,SAYPNT 
DOLF 
PR NT 


IZERO 
ACC 
IZERO 
TlftER 


)START 
THE 
TI"ER 
:CO 
READ 
THE 
LAST 
CHARACTER 
)EKA"IH 
PORT 
ONE 
:CHECK 
RIGHT 
HAND 
SENSOR 
:STOP 
THE 
TIMER 


)CET 
THE 
STATUS 


;JU"P 
IF 
CONTINUE 
IS 
SET 


)TURN 
MOTOR 
OFF 


:RESET 
BIT 
ONE 


;RESET 
CONTINUE 
BIT 


;RESTORE 
STATUS 


;CET 
THE 
SAYED 
STATUS 
:00 A 
LINE 
FEEO 
IF 
8IT 
IS 
SET 
;GO 
8ACK 
TO 
PRINT 
ROUTINE 


)CASE 
2, 
PRINTING 
RICHT 
TO 
LEFT, 
LOADING 
8UFFER 
FRO" 


;"AK 
TO 
FIRST 


"OY 
CALL 
"DV 
JB7 
CALL 
JZ 
"DY 
CALL 
J"P 
"OY 
CALL 
CALL 
JZ 
HOY 
CALL 
HOY 
HOY 
J"P 


A ..'OUT8UF 
FKPRHT 
.OUT8UF,12IH 
FOCR 
PECTST 
VATCHD 
JUHK\, 
121N 
GTPRHT 
CASE2 
JUHK\,12IH 
GTPRHT 
DECTST 
VATCHD 
A,fDUTBUF 
FXPRHT 
JUNKI, 
A 
.OUTBUF 
,128H 


F D CR I 
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:CET 
THE 
CHARACTER 
ADJUST 
FOR 
PRINTINC 
PUT 
A 
SPACE 
IN 
BUFFER 
RA" 
FIND 
A 
CR 
YET 
CNECK 
THE 
BUFFER 
IF 
ZERO 
VAIT 
FOR 
SENSOR 
FLAG 
PUT 
SPACE 
IN 
TE"P 
LOCATION 
CO 
PRINT 
SPACE 
LDOP 
CET 
A 
SPACE 
CO 
PRIHT 
THE 
CHARACTER 
CHECK 
THE 
BUFFER 
LEAVE 
IF 
DOHE 
eET 
A 
CHARACTER 
ADJUST 
THE 
CHARACTER 
FOR 
PRIHTINC 
SA YE 
IT 
PUT 
A 
SPACE 
WHERE 
THE 
CHARACTER 
WAS 
LOOP 
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LDC 
DlJ 


llAE 
34 •• 
.... ., 
1181 
DUE 
IIn 
Ft 
.114 
UU 
•• " 
,.oF 
•••• 
53FD 
.nA 
53F. 
.nt 
AD 
1110 
FA 
.IIE 
1271 
IIC •• 
4 •• 


IIC2 
F1 
IIC3 
3491 
IIC5 
AF 
IIC' 
1121 
IIC. 
F2D2 
IICA 
'U3 
IICC 
'472 
liCE 
C675 
1101 
14C2 
1102 
.12. 
1104 
.F21 
1106 
9463 
1101 
'472 
IIDA 
C675 
IIDC 
FI 
liDO 
3UI 
IIDF 
1402 


SEa 


184 
In 
186 
187 
11. 
WATCHD: 


18' 
UI 
191 
192 
In 
IH 
1'5 
OYR: 


196 
197 
198 
'" 
211 
211 
212 
213 
214 
CASE3: 
215 
216 
217 
218 
219 
211 
211 
212 
213 
tRFHD: 


214 
215 
216 
217 
218 
219 
221 
221 
tEJECT 


:THIS 
ROUTIHE 
WAITS 
FOR 
THE 
SENSOR, 
HA'S 
TO 
BE 
COYEUD 
:WHEH 
PRIHTI"' 
RIGHT 
TO LEFT 


CALL 
IN 
JU 
"DY 
JI2 
CALL 
ANL 
ANL 
"OY 
"OY 
JI5 
ap 


LDBUF 
A, PI 
WATCHD 
A, STATUS 
OYR 
"OTOF 
A,UFOH 
A,IIFIH 
STATUS,A 
A,SAYPHT 
DOLF 
PRNT 


:GO 
READ 
THE 
LAST 
CNARACTER 


:GET 
SENSOR 
INFOR"ATION 
:LOOP 
IF 
SENSOR 
IS 
NOT 
CDYERED 


: GET 
TNE 
STATUS 


:SEE 
IF 
CONTINUE 
IS 
SET 


;TURN 
THE 
NOTOR OFF 


;RESET 
81T 
1 


: RE SE T 
81 T 
3 


; RESTORE 
STATUS 


;GET 
THE 
SAYEO 
STATUS 


;00 
A LINE 
FEED 


IEKIT 


;CASE 
3, 
PRIHTIHC 
LEFT 
TO 
RIGHT, 
LOADING 
BUFFER 
FRO" 


:"AK 
TO FIRST 
' 


"OY 
CUL 
"OY 
"OY 
J87 
CALL 
CALL 
JZ 
J"P 
NDY 
NOY 
CUL 
CUL 
JZ 
NOY 
CUL 
J"P 


A,'OUTIUF 
HP'HT 
JUNKJ.A 
.OUTlUF,12IH 
tRFND 
"PRHT 
DECTST 
WATCH 
CASEl 
.OUTlUF,128H 
JUHKJ.12BH 
CTPRHT 
DEtTST 
WATtH 
A, 'OUTI 
UF 
FXPRHT 
CRFND 


1·186 


GET 
A CHARACTER 
FIX 
FOR 
PRINTING 
SAYE 
CHARACTER 
PUT 
A SPACE 
IN 
TNE 
IUFFER 
LEAYE 
IF 
A CR 
IS 
FOUND 
GO PRINT 
THE 
CHARACTER 
CHECK 
THE 
BUFFER 
LEAYE 
IF 
DONE 
LOOP 
PUT 
A SPACE 
IN 
THE 
IUFFER 
RA" 
GET 
A SPACE 
PRINT 
A SPACE 
CHECK 
THE 
BUFFER 
LEAYE 
IF 
DOHE 
GET 
NEKT 
CHARACTER 
ADJUST 
IT 
LOOP 


infel· 


LDC 
DBJ 


Ap·91 


1111 


1118 
., 
I111 
B21t 


1113 
1217 


1115 
nIl 
1117 
'28F 
11., 
FE 
IlIA 
4381 
lilt 
A£ 
1110 
23FF 
IIIF 
721 A 
1111 
H78 
IIIl 
., 
1114 
721A 
1116 
'21A 
1I J8 
2413 
II lA 
2488 


lIlt 
261F 


II lE 
83 


IIIF 
FO 
11 21 
5249 
1122 
'24' 


1124 
72U 
112£ 
H06 
1128 
3461 
112A 
AI 
112B 
FD 
112t 
F2J! 
112E 
18 
112F 
2378 
1131 
08 
1132 
9649 
1134 
FB 
1135 
17 
1136 
A8 
1137 
2449 


11 J9 
FB 
B13A 
17 
1138 
AB 
113t 
231F 
113E 
DB 
113F 
964' 
1141 
18 
1142 
2449 
1144 
FD 
1145 
124' 
8147 
9251 
8149 
83 


114A 
H06 
114t 
238A 
114£ 
2428 


1151 
FD 


8151 
n59 
8153 
4382 


1155 
1341 
1157 
AD 
8158 
83 


1159 
5268 


115B 
4314 
1.150 
8348 


115F 
AD 
1161 
8J 


SE D 


ORC 
I18H 
222 
223 
224 
225 
226 
227 
228 
2H 
231 
231 
232 
233 
234 
235 
236 
237 
238 
2H 
248 
241 
242 
243 
244 
245 
246 
247 
248 
249 
251 
251 
252 
253 
254 
255 
256 
257 
258 
259 
261 
261 
262 
263 
264 
265 
2" 
267 
268 
26' 
271 
271 
272 
273 
274 
275 
276 
277 
278 
27' 
288 
2BI 
282 
283 
284 
285 
2" 
287 
2B8 
28' 
2'1 
2'1 
2H 
293 
294 
295 
2" 
297 


LOBUF: 
IN 
JI5 
JBI 
DU 
UHO: 
JB4 
"DV 
DU 
"DV 
"DY 
HOFF: 
JB3 
CALL 
BUlLOP: 
IN 
JB3 
JI4 
J"P 
HOLF: 
J"P 


A. PI 
LN"DOE 
UNO 
PI.IIIN 
NOFF 
A.L1HCNT 
A. IBIM 
L1NCHT. 
A 


A. 
ISHH 
HDLF 
LINEFD 
A. PI 
MOLF 
NOlF 
BUlLOP 
LOBUF 


;FIRST 
SEE 
IF 


CHAR 


;READ 
PORT 
I 


;BIT 
5 
• 
H 
• 
LINE 
"ODE 


;JU"P 
AROUND 
IF 
MOTOR 
IS 
ON 


;TURN 
THE 
MOTOR 
OFF 


;NO 
FOR" 
FEED 


;CET 
THE 
liNE 
tOUNTER 


;SET 
"58 


;RESTORE 
THE 
LINE 
COUHTER 


;SET 
ACC 


;JU"P 
IF 
NO 
LIHE 
FEED 


;CO 
DO 
A 
IF 
OR 
FF 


;READ 
THE 
PORT 


;WAIT 
FOR 
SWITCN 
TO 
lE 
RELEASED 


;WAIT 
FOR 
SVITCH 
TO 
lE 
RELEASED 


;LOOP 
;LDOP 


CHARACTER 
IS 
PRESEHT 
IN 
THE 
BUFFER 


;IF 
THERE 
IS 
A 
CHARACTER. 
READ 
IT 


;IF 
CHARACTER 
PRESENT. 
READ 
IT 


;IF 
NOT. 
EXIT 
ROUTINE 


CHAR: 
"OY 
JB2 
J84 
J83 
CALL 
COOO: 
CALL 
"DY 
"DV 
JB7 
INC 
"OY 
XRL 
JNZ 
"DV 
DE c 
"DV 
J"P 
SU81: 
"DV 
DE c 
"DV 
"DY 
XRL 
JHZ 
IHC 
J"P 
CETSTA: 
MDV 
J81 
J84 
ARHDJP: 
RET 


A.STATUS 
ARHOJP 
ARHDJP 
LFCRCK 
CTCAR 
FXCNAR 
IINBUF.A 
A.STATUS 
S UBI 
IHBUF 
A.I"AX+I 
A.IH8UF 


A R HO J P 
A.IHBUF 


A 
IH8UF.A 
ARHDJP 
A,IHBUF 


A 
IN8UF,A 
A. IF aST-1 
A,IN8UF 
ARNDJP 
IHBUF 
ARHDJP 
A.STATUS 
ARNDJP 
ST81T1 


:CET 
THE 
STATUS 


:IF 
COHT INUE 
IS 
SET. 
DON'T 
lOAD 


;IF 
LF 
IS 
SET, 
DON'T 
LOAD 


;WAS 
CR 
SET. 
SEE 
IF 
NEKT 
CHAR 
IS 
LF 


;CO 
READ 
A 
tHARACTER 
:un 
SURE 
IT 
IS 
OK 


;SAYE 
CHARACTER 
IN 
BUFFER 
ME"DRV 


;CET 
THE 
STATUS 


;IF 
BIT 
7 
IS 
SET 
DECREMEHT 
BUFFER 


:UPDATE 
IHBUF 


.:CET TOP 
;ARE 
WE 
AT 
THE 
TOP? 


; IF 
NOT 
CET 
THE 
STATUS 


:CET 
IN8UF 


;CHANCE 
BV 
ONE 


;PUT 
IT 
BACK 


:CET 
THE 
STATUS 


:CET 
INBUF 


:CHANCE 
BY 
ONE 


:PUT 
IN8UF 
BACK 


:CET 
THE 
BOTTO" 
OF 
THE 
BUFFER 


:TEST 
THE 
8UFFER 


;IF 
HOT 
ZERO 
READ 
THE 
STATUS 


;MOVE 
INBUF 
BACK 


;CO 
eET 
STATUS 


;CET 
THE 
STATUS 


:IF 
BIT 
I 
SET, 
BVPASS 


; IF 
LF 
IS 
FOUND. 
SET 
THE 
STATUS 


;EXIT 


;THIS 
ROUTINE 
"FORCES" 
A 
LF 
AFTER 
A 
CR 


LFCRCK: 
CUL 
MDV 
J"P 


CTCAR 
A. IBAH 
COOD 


;READ 
A 
CHARACTER 


';CET 
A 
LINE 
FEED 


;JUMP 
BACK 


;THIS 
ROUTINE 
SETS 
THE 
STATUS 
81TS 


STBITI: 
MDV 
J81 
DU 
ADO 
MDV 
RET 
STPUT: 
J82 
on 
ADD 
MOV 
BVEBVE: 
AfT 


A,STATUS 
STPRHT 


A .182H 
A. t4lH 
STATUS.A 


BVEBVE 
A,IB4H 
A. tUH 
STATUS. 
A 


;LOAD 
THE 
STATUS 


;IF 
STILL 
PRINTINC. 
LEAVE 


;SET 
PRINT 
BIT 


;UPDATE 
POSITIOH 
COUNTER 


;PUT 
STATUS 
BACK 


;EKIT 
ROUTINE 


;CHECK 
CONTIHUE 
81T 


;SET 
CONTINUE 
81T 


;UPDATE 
PRINT 
DIRECTION 


;PUT 
THE 
STATUS 
BACK 


;EX IT 
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Lot 
OIJ 
S(Q 
SOUHE 
~lH;~"EN~ 


Ut 
,THIS 
ROUTINE 
'CDHHRTS' 
LOWER 
CASE 
LETTERS 
TO 
2" 
,UPPER 
CASE 
311 
IIU 
'7 
311 
FMCHAR', 
CLR 
C 
;CL E AR 
THE 
CARRY 
1162 
SJ7F 
312 
ANL 
A.I?FH 
;STRI P 
"SI 
1164 
AF 
313 
"DY 
JUNK L A 
;SAYE 
ACC 
Iln 
UIII 
314 
ADD 
A.nABH 
;SEE 
IF 
HU"8ER 
IS 
UH 
1167 
£671 
315 
JNC 
F INE 
,IF 
tARRY 
ISH'T 
SE T. 
JU"P 
11" 
FF 
316 
"DY 
A. ,IUNKI 
;eET 
ACC 
BACK 
Ilia 
37 
317 
CPL 
A 
,SU8T RAC T 
2IH 
FRU 
THE 
.CC 
1161 
U2I 
318 
ADD 
A.I2IH 
1160 
37 
319 
CPL 
A 
lliE 
2474 
311 
J"P 
FIXDUH 
;JUMP 
TO 
TE ST 
CR 
LF 
1171 
37 
31 I FIHE' 
CPL 
A 
;HOW 
SUBTRACT 
AlH 
FRO" 
.CC 
1171 
IJAI 
312 
ADD 
A.nUH 
IH3 
37 
313 
CPL 
A 
1174 
AF 
314 
FlXDUH, 
"DY 
JUHK L A 
,SAVE 
A 
1175 
DlID 
315 
XU 
A.180H 
; IS 
CHARAC 
TER 
A 
CR 
1177 
967F 
316 
JH2 
LFTEST 
;IF 
IT 
IS 
HOT 
TEST 
LF 
1179 
FD 
317 
"OY 
A. STATUS 
;eET 
THE 
STATUS 
117A 
U18 
318 
ORL 
A.188H 
;SE T 
lIT 
3 
117C 
AD 
319 
"DY 
STAT.US. A 
,RESTORE 
THE 
STATUS 
IHD 
248F 
321 
J"P 
F IXF IH 
;LEAH 
117F 
FF 
321 
LFTEST' 
"OY 
A.JUHK! 
;eE T 
CHARACTER 
BACK 
1111 
DJU 
322 
UL 
A.IIAH 
, IS 
I'T A 
L F 
1182 
CU, 
323 
J2 
FIXUP 
, IF 
ITS 
HOL 
WE 
ARE 
DOHE 
1184 
FF 
324 
"DY 
A.JUNKI 
;eE T 
THE 
CHARACTER 
BACK 
1185 
DlIC 
325 
XRL 
A.IICH 
, IS 
IT 
A 
FOU 
FEED 
1117 
'UF 
326 
JH2 
F IXF IH 
, IF 
HOT 
FOR" 
FEED. 
JU"P 
11., 
FD 
327 
FIXUP, 
"DY 
A.STATUS 
;eET 
THE 
STATUS 
IliA 
UII 
328 
ORL 
A.IIIH 
;SE T 
BIT 
4 
IIIC 
AD 
329 
"DY 
STATUS-A 
;RETURH 
THE 
STATUS 
1I eo 
3451 
331 
CALL 
STBI TI 
,SE T 
THE 
STATUS 
IIIF 
FF 
331 
FlXFIN' 
"OY 
A.JUHK! 
;eE T 
THE 
CHARACTER 


LDC 
DIJ 
SEa 
SOURCE 
STATUENT 


1191 
83 
332 
RET 
;EXIT 
FIXCHAR 
333 
334 
;THIS 
ROUTlHE 
RECOCHIZES 
A 
LF. 
FF. 
ANCI 
CR 
335 
;OURING 
THE 
PRIHT 
OPERAT 
IOH 
3J6 
;IT 
ALSO 
FORCES 
A 
SPACE 
IF 
A 
CHARACTER 
FOUHD 
3J7 
;IH 
THE 
I UFF ER 
IS 
HOT 
IH 
THE 
LOOKUP 
TABLE 
338 
IJ'I 
AF 
339 
FXPRHT' 
"OY 
JUHK!. 
A 
;SA YE 
AtC 
1192 
D31e 
341 
XRL 
A.IICH 
;FOR" 
FEED 
1194 
C682 
341 
JZ 
FFFIX 
;eo 
SET 
FOR" 
FEED 
11" 
FF 
342 
"DY 
A"IUNKI 
;RESTORE 
CHARACTER 
1197 
DlID 
343 
XU 
A.IIOH 
;SEE 
IF 
IT 
IS 
A 
CR 
11" 
C'AB 
344 
JZ 
eRFIX 
;LEAYE 
IF 
IT 
IS 
1198 
FF 
345 
"OY 
A.JUNK! 
;eE T 
ACC 
BACK 
II'C 
OJlA 
34(0 
XRL 
A.IBAH 
,SEE 
IF 
IT 
IS 
A .LF 
IJ9E 
CUB 
347 
JZ 
lHIX 
,LEAVE 
IF 
IT 
IS 
IUI 
FF 
348 
"OY 
A,JUNK! 
,eET 
CHARACTER 
BACK 
IIA! 
SJEI 
34' 
AHL 
A.lBEBH 
;SEE 
IF 
IT 
IS 
A 
CHARACTER 
IIA3 
'UD 
351 
JN2 
ISCHAR 
;IF 
IT 
IS 
J UHP 
llAS 
2321 
351 
"DY 
A.I2IH 
;PUT 
A 
SPACE 
IH 
ACC 
IIA7 
83 
352 
RET 
;HIT 
IUB 
4381 
353 
CRFIX' 
DU 
A.I8IH 
;SET 
BIT 
7 
II AA 
83 
354 
RET 
;HIT 
BUB 
FO 
355 
L FF IX, 
"DY 
A,STATUS 
;eET 
THE 
S TAT us 
BlAt 
432. 
3" 
OU 
A.121H 
;SE T 
LF 
81 T 
IN 
STATUS 
IIAE 
AD 
3S? 
"OY 
STATUS. 
A 
;PU T 
THE 
STATUS 
SACK 
BIAF 
232. 
358 
"DY 
A.121H 
.'eE T 
A 
SPACE 
IIBI 
83 
3S9 
RET 
,HIT 
1112 
FD 
361 
FH 
IX' 
"OY 
A.STATUS 
,eET 
THE 
STATUS 
.183 
432. 
HI 
DU 
A,I2IH 
;SE T 
LI HE 
FEED 
BIT 
81B5 
AD 
362 
MY 
STATUS.A 
.'PUT 
THE 
STATUS 
BACK 
1186 
FE 
363 
"DY 
A ..L1HCNT 
,GET 
THE 
LI NE 
COUNT 


lIB? 
4381 
364 
DU 
A.IS8H 
;SE T 
SIT 
7 
1189 
AE 
36~ 
MY 
LlNCN!,A 
;PUT 
LI HE 
C DUNT 
BACK 
IIBA 
232. 
36(0 
"DY 
A.I28H 
;eE T 
A 
SPACE 
IIIC 
83 
H7 
RET 
;EKIT 
IIBD 
FF 
368 
ISCHAR' 
MY 
A· JUNK! 
'GET 
CHARACTER 
8ACK 
.I8E 
533F 
3" 
ANL 
A.I3FH 
; ST RIP 
THE 
TWO 
"58 
IICI 
83 
37B 
RE T 
,E>:IT 
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371 
372 
:THI S 
ROUTINE 
PRINTS 
THE 
CHARACTER 
IN 
THE 
ACC 
J1J 
IICI 
AC 
374 
PRIITIT: 
IIDY 
TEIIPI,A 
SAYE 
CHARACTER 
IIC2 
E7 
375 
RL 
A 
IIULTIPl\' 8Y no 
IIC3 
E7 
376 
RL 
A 
IIULTIPlY 
8Y 
FOUR 
IIC. 
H 
377 
ADO 
A. TE"Pt 
ADO 
ONCE 
TO 
"ULTIPLY 
BY 
5 
37. 
319 
:NOW 
SEE 
WNAT 
PART 
OF 
THE 
lOO~UP 
TABlE 
TO 
USE 
381 
IIC5 
2C 
381 
XCH 
A.TEIIPI 
:PUT 
CHARACTER 
IN 
A. 
TARGET 
IN 
TE"' I 
IIC' 
82CA 
382 
J85 
SHORT 
:,IU"' TO 
H IeN 
AIIORESS 
IF 
81 T 5 
SE T 
IIC8 
•• AI 
383 
J"P 
PA eE I 
:eo 
,0 
FIRST 
PART 
OF 
LOOKUP 
TABlE 
IICA 
'UI 
38. 
SHORT: 
JIIP 
PAeE2 
:CO 
TT! SECOND 
PAeE 
OF 
lOOr.UP 
TA8LE 
385 
• 


386 
:THIS 
ROUTINE 
TRleCERS 
THE 
SOLENOIDS 
FOR 
'I' 
"ICROSECONOS 
387 
:AFTER 
WAITING 
FOR 
THE 
TP.IGGER 
SIGNAL 
FRO" 
TNE 
PRIHTER 
388 
;0 
IICC 
AF 
3., 
FIRE: 
"DY 
JUNILA 
:SAYE 
THE 
ACC 
IICO 
FO 
UI 
IIOY 
A.STATUS 
:eET 
THE 
STATUS 
liCE 
020. 
UI 
JU 
NTI 
:SEE 
IF 
FORWARD 
OR 
BACKWARDS 
1101 
560. 
H2 
F IRH: 
JTI 
F IRH 
:WA IT 
FOR 
T 1 
1102 
2406 
H3 
JIIP 
FIRE Y 
:LEAVE 
liD. 
460. 
H. 
NT I : 
JNT 1 
NTI 
:LOOP 
'106 
FF 
395 
FIREY: 
"OY 
A.JUNKI 
:eET 
ACC 
IACl 
1107 ,. 
39' 
"OYK 
tAl, 
A 
:TRIGGER 
THE 
SOLENOID 
397 
398 
:NOW 
IILL 
'18 
IIICROSECONOS 
3" 


1108 
2JF3 
.1' 
IIDY 
A. flF3H 
LOAD 
DELAY 
NUIIIER 
IIOA 
62 
.11 
IIDY 
LA 
PUT 
IT 
IN 
TINE R 
1108 
55 
•• 2 
STRT 
T 
START 
THE 
TI IIER 
IIOC 
16E1 
.13 
TS J Tf : 
JTF 
nOUN 
LOOP 
ON 
TillER 
FLAC 
IIOE 
2.0C 
••• 
JII' 
T SJTF 
IIEI 
27 
415 
HOUN: 
CLR 
A 
ZERO 
ACC 
liE! ,. 
.., 
1I0YX 
tAB" 
A 
TURN 
OFF 
SOLEHOIDS 
11E2 
65 
.17 
STOP 
TCNT 
STOP 
TNE 
TIllER 
IIE3 
83 
41' 
RET 
EXIT 
FIRE 
ROUTINE 
..,tEJECT 
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411 
411 
;••••$.~••~••••~.*•••••••••••••••••••••••••••••••••••••••••••••• 
412 
413 
:THIS 
IS 
THE 
LOOK UP 
TABLE. 
THE 
"SB 
IS 
HOT 
USE 0, 
THE 
"5B - 
1 
414 
:IS 
THE 
DOT 
THAT 
IS 
THE 
TOP 
OF 
AHY 
CIYEN 
CHARACTER 
A HO 
THE 
415 
:L SB 
IS 
THE 
110 T 
THAT 
IS 
THE 
BOTTO" 
OF 
AHY 
Cl YEH 
tHARAt 
TER 
416 
, 


417 
;••....................•.........••..••........•••.............. 
418 
1211 
419 
ORC 
2BBH 
42. 
: * 
1211 
lE 
421 
TABLEI: 
OB 
HH 
..... 
8211 
41 
422 
OB 
41H 
* 
8212 
'0 
423 
OB 
50H 
* **. · 
1213 " 
424 
OB 
HH 
.. · 
1214 
4E 
425 
OB 
HH 
•• * 
426 
1215 
7e 
427 
OB 
7CH 
..... 
1216 
12 
428 
OB 
12H 
1217 
11 
429 
OB 
IIH 
1288 
12 
431 
OB 
12H 
12., 
7C 
431 
OB 
?CH 
432 
121A 
7F 
433 
OB 
7FH 
....... 
IUS 
4' 
434 
OB 
4~H 
· · · 
nit 
u 
435 
OB 
4~H 
· 
1210 
U 
436 
OB 
4'H 
· 
I2IE 
36 
437 
OB 
J6H 
438 
121F 
3E 
4J! 
OB 
HH 
..... 
8211 
41 
448 
OB 
41H 
· 
1211 
41 
441 
OB 
41H 
1212 
41 
442 
OB 
41 H 
· 
8213 
22 
443 
OB 
22H 
. 
444 
1214 
7F 
445 
OB 
7FH 
....... 
1215 
41 
446 
OB 
41 H 
· · 
1216 
41 
447 
OB 
41H 
· · 
8217 
41 
448 
OB 
41H 
· 
1218 
3E 
44' 
OB 
3EH 
..... 
451 
12., 
7F 
451 
OB 
7FH 
•...•.. 
121A 
U 
452 
OB 
49H 
· · · 
1218 
4' 
453 
OB 
4~H 
· · · 
121t 
U 
454 
OB 
4~H 
· · 
8210 
41 
455 
OB 
41H 
456 
SE Jet T 
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457 
821E 
7F 
458 
OB 
?FH 
....... 
121F ., 
45' 
DB 
8'H 
. . 
1221 ., 
461 
D8 
I'H 
. 
1221 ., 
HI 
DB 
8'H 
8222 
11 
462 
OB 
81H 
H3 
1223 
3E 
464 
OB 
lEH 
..... 
1224 
41 
465 
OB 
41H 
· . 
122S 
41 
46' 
OB 
41H 
· 
1226 
51 
467 
DB 
51H 
1227 
71 
468 
OB 
71 M 
4" 
1228 
7F 
471 
OB 
?FM 
....... 
822' 
BB 
471 
DB 
ISM 
122~ 
18 
472 
DB 
18H 


1228 •• 
473 
DB 
IBM 
822C 
7F 
474 
DB 
7FM 
....... 
475 
1220 
11 
47' 
OB 
IBM 
822E 
41 
477 
08 
41M 
822F 
7F 
478 
08 
7FM 
....... 
1231 
41 
47' 
OB 
41H 
1231 
11 
488 
08 
BlH 
481 
1232 
21 
482 
DB 
28H 
8233 
4. 
483 
D8 
48H 
1234 
4. 
484 
08 
48H 
· 
123S 
.1 
485 
08 
48H 
· 
8236 
3F 
48' 
08 
3FM 
....... 
487 
1231 
7F 
.88 
OB 
7FH 
....... 
123B 
IB 
48' 
08 
8SH 
8239 
14 
4'8 
08 
I4H 
123~ 
22 
.'1 
OB 
22H 
8238 
41 
.'2 
08 
41H 
4'3 
123C 
7F 
494 
08 
7FM 
....... 
8230 
.1 
.'S 
08 
48H 
123E 
4. 
4" 
08 
UM 
123F 
41 
.,7 
D8 
48H 
82.1 
41 
.,8 
DB 
48H 
.99 
1241 
7F 
511 
OB 
7FH 
........ 
8242 
12 
SII 
DB 
82H 
. 
1243 
IC 
512 
OB 
8tH 
1244 
12 
583 
OB 
B2H 
. 
1245 
7F 
514 
08 
7FH 
••••••• 
585 
1246 
7F 
516 
OB 
7FH 
....... 
1247 I. 
517 
DB 
84H 
1248 
18 
SI8 
OB 
88H 
12., 
11 
S., 
OB 
18H 
B24A 
7F 
511 
08 
?FH 
....... 
SII 
HJECT 
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512 
B248 
JE 
513 
08 
HH 
B24C 
41 
514 
OB 
4 IH 
124D 
41 
515 
DB 
41H . 
124E 
41 
5Ui 
08 
4 IH 
· · 
124F 
JE 
517 
08 
HH 
...... 
SIB 
12,. 
7F 
SI' 
OB 
iFH 
.. :.....,. 
1251 n 
528 
DB 
B~H 
1252 ., 
521 
DB 
8'H 
1253 
19 
522 
OB 
8'H 
1254 
Ii 
523 
DB 
B6H 
.. 
524 
1255 
JE 
525 
DB 
JEH 
...... 
1256 
41 
5H 
08 
41H 
• 
• 
1257 
51 
527 
DB 
SlH 
• . 
• 
1258 
21 
528 
DB 
21H 
· 
• 
12" 
5E 
52' 
DB 
SEH 
·..... 
53B 
125A 
7F 
531 
DB 
7FH 
........ 
125B I' 
532 
DB 
B'H 
125C 
19 
533 
DB 
I~il 
.. 
8250 
2' 
534 
DB 
2~H 
·. 
12H 
46 
535 
DB 
46H 
•• 
S3' 
125F 
2' 
537 
DB 
26H 
1261 
4' 
538 
08 
49H 
1261 
49 
539 
DB 
OH 
B262 
49 
54B 
I'B 
'9H 
1263 
32 
541 
D8 
32H 
542 
B264 
11 
543 
08 
IIH 
8265 
BI 
544 
DB 
IIH 
8266 
7F 
545 
DB 
7 F H 
.. :........... 
8267 
81 
546 
08 
IIH 
8268 
81 
547 
08 
BIH 
548 
82" 
3F 
549 
DB 
3FH 
B26A 
41 
S5B 
DB 
UH 
1268 
41 
551 
08 
'BH 
I26C 
41 
552 
08 
4BH 
B26D 
3F 
553 
DB 
lFH 
...... 
554 
B26E 
IF 
555 
08 
IFH 
..,. :.... 
B26F 
28 
556 
DB 
28H 
B278 
48 
557 
08 
UH 
1271 
28 
558 
08 
21H 
· 
8272 
IF 
55' 
OB 
IFH 
.. ,. :..,. 
56B 
1273 
7F 
561 
DB 
{FH 
8274 
28 
562 
08 
28H 
8275 
19 
563 
08 
13H 
.. 
8276 
28 
564 
08 
21H 
· 
8277 
7F 
565 
1'8 
7FH 
566 
$EJECT 
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567 
8278 '3 
568 
08 
63H 
.. 
127' 
14 
56' 
DB 
14H 
·· 
127A 
18 
~78 
08 
88H 
· 
8278 
14 
~71 
08 
14H 
·· 
827C 
iJ 
572 
08 
63H 
•• 
573 
1270 
8J 
574 
08 
B3H 
127E 
84 
H~ 
08 
B.H 
827F 
7B 
~7i 
08 
78H 
•••• 
1281 
14 
577 
DB 
B4H 
1281 
83 
578 
DB 
B3H 
.. 
~7' 
1282 
U 
588 
DB 
61H 
.. 
1283 
SI 
581 
DB 
51H 
. • 
• 


8284 ., 
582 
08 
49H 
128~ 
4S 
583 
08 
4~H 
·. 
8286 
43 
584 
08 
43H 
.. 
585 
8287 
7F 
586 
08 
7FH 
....... 
8288 
7F 
587 
08 
7FH 
....... 
82U 
41 
588 
08 
41H 
USA 
41 
589 
08 
41H 
8288 
41 
5'8 
08 
41H 
"I 
828C 
12 
592 
08 
82H 
8280 
84 
5'3 
08 
B.H 
828E 
18 
594 
DB 
88H 
· 
828F 
11 
595 
DB 
IBH 
· 
8HI 
2. 
'" 
DB 
2BH 
. 
597 
8Hl 
41 
5'8 
DB 
41H 
· 
1292 
41 
59' 
DB 
01 H 
· 
IH3 
41 
688 
DB 
41H 
. · 
8294 
7F 
611 
DB 
7FH 
....... 
8HS 
7F 
682 
DB 
7FH 
....... 
6B3 
82" 
11 
684 
DB 
18H 
82'7 
18 
615 
DB 
B8H 
IH8 
84 
6U 
DB 
aOH 
· 
82" 
8B 
687 
DB 
88H 
· 
.HA 
11 
618 
DB 
IBH 
· 
6n 
8HB 
4. 
618 
DB 
48H 
IHC 
4. 
611 
DB 
48H 
IHO 
41 
612 
DB 
48H 
IHE 
4. 
613 
DB 
48H 
12'F 
41 
614 
DB 
48H 
615 
SEJEC T 
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616 
12A1 
8818 
617 
PAC El: 
"DY 
ST8CNT, 
ealH 
, ZE RO 
STROBE 
COUHTER 
12A2 
FA 
618 
"DY 
A,SAYPHT 
, CE T 
DIRECTIOH 
I2A3 
37 
61! 
CPL 
A 
! FLI 
P 
81 TS 
82A4 
0213 
628 
J86 
9AKWRD 
! IF 
9ACkWARD 
JU"P 
OUT 
12A6 
FC 
6~1 
LHO: 
"DY 
A,TE"PI 
, CE T 
THE 
TARCET 
12A7 
A3 
622 
"Oyp 
A 
~A 
; CE T 
THE 
DATA 
12AB 
HCC 
623 
CALL 
FIRE 
.: STR08E 
THE 
SOLENOIDS 
12AA 
IC 
624 
INC 
TE"P 
I 
,IHCRE"ENT 
THE 
POIHTER 
12AB 
18 
62S 
INC 
S nCHT 
,IHCREUNT 
THE 
STROBE 
COUHTER 
12AC 
FB 
626 
"OY 
A,STBCHT 
;CET 
THE 
STR08E 
COUH TER 
laD 
D31S 
627 
XRL 
A,USH 
; IS 
IT 
FIVE 
12AF 
"A6 
628 
JHZ 
LHO 
; REPEAT 
IF 
HOT 
FIYE 
1211 
84 AE 
6H 
J"P 
SETT I" 
, CO 
BAC.k 
1283 
FC 
638 
BAKwtD' 
"DY 
A, TE"PI 
,CE T 
THE 
TARCET 
1284 
1184 
631 
ADD 
A.tlCH 
, CO"PENSATE 
FOR 
CO INC 
UCkWARDS 
1286 
AC 
632 
"DY 
TE"P1.A 
,SAYE 
IT 
1287 
FC 
633 
Lk LOI 
: 
"DY 
A, TE"PI 
; CE T 
THE 
TARCET 
8218 
A3 
634 
"OYP 
A, lA 
;CET 
THE 
DATA 
8289 
HCC 
635 
CALL 
F I RE 
; ST R08E 
THE 
SOLEHOIDS 
128B 
FC 
636 
"OY 
A, TE"P! 
; CE T 
TE"PI 
12BC 
17 
637 
DE C 
A 
; DECREASE 
BY 
OME 
82BD 
AC 
638 
"DY 
TE"PI..A 
;PUT 
IT 
BACK 
82BE 
I B 
639 
IHC 
STBCHT 
; IHCRE"EHT 
THE 
5 TROBE 
COUHTER 
82BF 
FB 
648 
"DV 
A,5TBCHT 
;CET 
THE 
5 TROBE 
COUHTER 
12C8 
D31S 
641 
XRL 
A . USH 
; IS 
IT 
F lYE 
12C2 
"B7 
642 
JHZ 
LHOI 
'REPEAT 
IF 
HOT 
FIYE 
82C4 
8UE 
643 
J "P 
SETTI" 
; CO 
BACk, 
CHARACTER 
IS 
DOHE 
644 
SE JECT 
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lOC 
08J 
SEa 
SOURCE 
SlATE"EHT 


645 
;. 
1311 
646 
ORe 
3BBH 
647 
;. 
648 
nil •• 
649 
08 
88H 
8311 
81 
658 
08 
BBH 
8312 
81 
651 
DB 
8BH 
1313 •• 
652 
DB 
BBH 
1314 11 
653 
08 
BBH 
654 
1115 •• 
655 
08 
BBH 
8316 •• 
656 
DB 
BlH 
1317 
5F 
657 
DB 
SFH 
· ...... 
1388 
81 
658 
08 
BBH 
Ill' 
88 
65' 
D8 
BBH 
HB. 


131A 
18 
HI 
DB 
IBH 
Ill8 
B7 
H2 
DB 
B?H 
131C 
81 
H3 
D8 
B8H 
IlID 
87 
H4 
DB 
B?H 
nlE 
81 
665 
DB 
88H 
66' 
I3IF 
14 
667 
DB 
I4H 
IllB 
7F 
668 
DB 
7FH 
1311 
14 
669 
08 
14H 
·. 
8312 
7F 
67B 
DB 
7FH 
....... 
8313 
14 
671 
DB 
14H 
672 
1314 
24 
673 
DB 
~4H 
8315 
2A 
674 
DB 
~AH 
·.· 
1316 
7F 
675 
DB 
7FH 
....... 
1317 
lA 
676 
DB 
2AH 
·.· 
8318 
12 
677 
DB 
I~H 
· · 
678 
8319 
2l 
67' 
DB 
nH 
· .. 
IliA 
1l 
6BI 
DB 
13H 
· .. 
1318 
B8 
681 
DB 
88H 
. 
131C 
6. 
682 
08 
.4H 
1310 
62 
683 
DB 
62H 
684 
831£ 
36 
685 
DB 
36H 
•• 
13 IF 4' 
686 
DB 
HH 
. 
1321 
56 
687 
DB 
56H 
··.. 
Il21 
2B 
688 
08 
aH 
· 
1322 
58 
689 
DB 
SBH 
• · 
69. 
HJECT 
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lOC 
08J 
SEQ 
SOUHE 
Sl"~E"EHT 


6~1 
1323 •• 
6H 
OB 
BBH 
1324 
11 
693 
OB 
BBH 
8325 
87 
694 
DB 
87H 
13U 
81 
'" 
DB 
BBH 
132~' 81 
'" 


[IB 
BBiI 
"7 
832B 
IC 
6U 
Oli 
leH 
132' 
22 
'" 
OB 
~2H 
. 
132A 
41 
788 
08 
41H 
. 
1328 
BB 
781 
DB 
8BH 
832C 
BB 
782 
D8 
BBH 


{,Il. 


832D 
BB 
714 
08 
IIH 
832E •• 
785 
OB 
BBH 
132F 
41 
71' 
DB 
41H 
1338 
22 
7B7 
OB 
nH 
8331 
It 
789 
[IB 
ICH 
7B' 
8332 
22 
711 
DB 
~2H 
83JJ 
14 
711 
DB 
14 H 
.. 
1334 
7F 
712 
[IB 
7F H. 
......" 
1335 
14 
713 
D8 
14 H 
IJU 
22 
714 
08 
~2H 


715 
Ill? 
8B 
7h 
OB 
BSH 
833B 
8B 
717 
DB 
BBH 
. 
13l! 
7F 
718 
OB 
7 F H 
......... 
1l3A 
BB 
71, 
DB 
BBH 
133B 
88 
728 
[IB 
BBH 
121 
133t 
BB 
;~2 
[IB 
BBH 
13JO 
41 
7n 
[IB 
48H 
833E 
38 
724 
OB 
3BH 
133F 
BB 
725 
[IB 
BBH 
1348 
BB 
72b 
[18 
BBH 
'?27 
1341 
88 
728 
OB 
B8H 
8342 
8B 
72' 
OB 
B8H 
8343 
BB 
73B 
DB 
B8H 
1344 
as 
73 1 
OB 
B8H 
8345 
88 
732 
OB 
88H 


733 
1346 
81 
734 
DB 
B8H 
8347 •• 
735 
08 
BBH 
8348 
41 
736 
OB 
UH 
83e! 
BB 
731 
[18 
BBH 
83U 
BB 
738 
OB 
BBiI 
739 


8348 
2. 
748 
08 
aH 
134t 
11 
74: 
[11i 
lBH 
834D 
81i 
742 
DB 
8SH 


134£ 
84 
741 
DB 
B~H 
834F 
82 
744 
08 
82H 
745 
B35B 
3E 
746 
[18 
3EH 
1351 
51 
747 
OB 
5 IH 
B352 
4' 
743 
OB 
4~H 
1353 
~5 
74' 
lIB 
4SH 
1354 
3E 
750 
OB 
3EH 
751 
1355 
BB 
7~2 
[18 
BBH 
8356 
42 
753 
[18 
42H 
8357 
7F 
754 
lIB 
r F H 
.".."." 
835B 
41 
755 
OB 
4BH 
135' 
BB 
75' 
[IB 
BBH 
757 
B35A 
'2 
758 
OB 
62H 
.. 
135B 
51 
'" 
DB 
~d H 
. • 
835e ., 
768 
DB 
4'H 
1350 ., 
761 
OB 
HH 
USE 
46 
762 
DB 
HH 
763 
135F 
21 
764 
DB 
21H 
83i1 
41 
7'5 
[IB 
41H 
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lOt 
08~ 
SH 
SOUI/[:ESTiI:E"ENT 


13'1 
4' 
1iE 
P8 
4,N 
· 
13'2 
40 
H7 
08 
If (IN 
..· 
I3U 
JJ 
168 
PI 
33H 
.. .. 
1" 


IU4 
18 
778 
DI 
IBH 
1J.5 
14 
711 
D8 
14H 


IJH 
12 
771 
D8 
12H 
. . 
8U7 
7f 
773 
[.. 
7f M 
....... 


UU 
11 
774 
D. 
IIM 
. 
715 
83" 
27 
7H 
08 
27H 
••• 
IHA 
45 
777 
D. 
45M 
• • 
I3U 
45 
778 
D. 
45M 
• 
IJ6t 
45 
77' 
08 
45M 
• 


13'0 
3' 
781 
08 
:;'H 
• 


781 
136£ le 
782 
D8 
3CM 
.... 
IJ6F 
4A 
183 
DB 
4AM 
·. 
IJ71 ., 
784 
DB 
HM 
· 
1371 
4' 
785 
n 
4'M 
8372 
31 
78' 
08 
31M 


787 
1373 
81 
783 
[.. 
BIM 


8314 
71 
78' 
08 
7IM 
1375 ., 
7'1 
01 
I'M 
· 
1376 
15 
7'1 
08 
15M 
· 
13l? 
83 
7'2 
DB 
13M 


7'3 


8378 
U 
7,. 
08 
lOM 
.. 


837' 4' 
7'5 
[.8 
4'H 
· 
137. 
4' 
?!h, 
['8 
4,M 
· · 
8378 
4' 
;'7 
O. 
4'M 
. · · 
U7C 
J6 
798 
D8 
lbM 
.. .. 


7" 
.EJECT 
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LOC 
08J 
SEQ 
SOUHE 
SaTE"EHT 


88B 
8370 
46 
881 
DB 
46H 
.. 
837£ H 
882 
08 
4~H 
837F 
4~ 
983 
08 
"~H 
8388 
29 
884 
08 
~~H 
8381 
lE 
885 
08 
1EH 
88. 
8382 
BB 
987 
08 
88H 
8383 
88 
n8 
D8 
BBH 
8384 
14 
8B9 . 
[18 
14H 
838~. BB 
818 
08 
BBH 
838~ 
BB 
811 
08 
BBH 
812 
8387 
BB 
813 
OB 
BBH 
8388 
48 
814 
08 
4BH 
838' 
34 
815 
08 
34H 
.. • 
138A 
BB 
BH 
08 
BBH 
8388 
BB 
817 
08 
BBH 
818 
83SC 
88 
Bl' 
D8 
88H 
• 
1380 
14 
828 
08 
14H 
· • 
838E 
22 
821 
[18 
22H 
838F 
41 
822 
08 
41H 
8398 
81 
823 
[18 
88H 
824 
8391 
14 
825 
D8 
14H 
• · 
B3H 
14 
82' . 
[18 
14H 
· 
8H3 
14 
827 
[18 
14H 
· 
8394 
14 
828 
08 
14H 
·· 
8B~ 
14 
829 
[18 
14H 
83B 
83H 
BB 
831 
[18 
BBH 
83H 
41 
832 
[18 
41 H 
. · 
8398 
22 
833 
08 
22H 
. · 
83" 
14 
834 
08 
14H 
· 


" 
B39A 
88 
835 
[18 
aSH 
. 
83. 
8398 
82 
837 
08 
82H 
· 
8BC 
BI 
839 
D8 
81H 
· 
8390 
59 
B33 
D8 
5~H 
· 
839£ 
85 
848 
[18 
8SH 
• · 
839F 
B2 
841 
DB 
B2H 
· 
842 
HJE(:T 
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~& 
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~ •••• 
" 
•••••• 
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a388 
AC 
85' 
"DV 
TEftPI." 
;SAVE 
IT 
838' 
FC 
868 
lKH I1 : 
"DV 
A, TE"PI 
;CE T 
THE 
TARGET 
aJ8A 
AJ 
861 
"DVP 
A,fA 
;CE T 
THE 
D A TA 
uu 
HCt 
862 
CALL 
.. 
FIRE 
;STROBE 
THE 
SOLENOIDS 
anD 
Fe 
863 
"DY 
A, TE"PI 
;GET 
TEftPI 
838E 
87 
86~ 
DEe 
A 
;['EeRE ASE 
BY 
OHE 
83BF 
AC 
965 
"DY 
TE"P 
LA 
;PUT 
IT 
BAt~ 
83e8 
18 
86. 
INC 
ST8tNT 
; INCRE"ENT 
THE 
STROBE 
COUNTER 
UtI 
F8 
867 
"OV 
A,STBtNT 
;CET 
THE 
STROSE 
COUNTER 
IJC2 
D385 
968 
XRL 
A.·185H 
; IS 
IT 
FIVE 
83C4 
'68' 
86' 
,INZ 
L r.N I I 
;REPEAT 
IF 
HOT 
FIVE 
a3C6 
84AE 
878 
J"P 
SET T Ift 
;CO 
BACK.. 
CNARACTER 
IS 
DONE 
8?J 
fEJEt:T 
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lOC 
OIJ 
SE Q 
SOURCE 
STIlTE"ENT 


972 
•••• 
873 
ORC 
481H 
874 
•••• 
27 
875 
8CIH: 
CLA 
A 
:ZERO 
AC C 
••• 
1 ,. 
876 
"on 
PAl, 
A 
:TURH 
OFF 
THE 
SOLENOIDS 
1•• 2 
9488 
877 
CALL 
SE TUP 
; SE T 
UP 
THE 
PRINTER 
1414 
94 3f 
878 
CALL 
VIIRSET 
.: SE T 
UP 
THE 
SOF 
TWIIH 
.416 
1.8A 
87' 
,I"P 
PR HT 
; CO 
START 
eBl 
••• 
8 
2JFE 
881 
SETUP: 
"DY 
A·ISFEN 
; L 0 A[' 
ACC 
WITH 
VALUE 
TO 
TURH 
OH 
"OTOR 
.4IA 
H 
882 
OUTL 
PI. 
A 
:TURH 
OH 
"OTOR 
883 
88. 
;HOW 
['ELAY 
3 
2 
SECOHDS 
WH IL E 
CHECKIlle 
AleHT 
SEHSOR 
885 
1418 
8CI5 
886 
"DV 
TE"PI.185H 
;LOIID 
['ELAY 
VALUE 
ONE 
1410 
ilFFF 
887 
SELFC 
: 
"OY 
JUHKl.tlFFH 
; LClA() 
DELAY 
YALUE 
TWO 
I4IF 
8Hf 
888 
SELf8: 
"COV 
L1NCNT. 
tBfFH 
:LDAD 
ClE l A v 
VALllE 
THREE 
1411 ., 
88' 
SEL 
FA: 
IH 
A. PI 
; RE AD 
PORT 
OH E 
.412 
37 
8,. 
CPL 
A 
: "Ar.E 
THIHes 
RleHT 
1413 
F210 
891 
J87 
[lOHER 
.: IS 
8 IT 
7 
SE!' 
•• 
15 
EE I I 
992 
OJHZ 
L1HCNL 
SELFA 
; S"ALL 
LOOP 
1.17 
EF8F 
993 
PJNZ 
,IUNKl.SElF& 
.: 81 eCER 
LOOP 
84U 
ErID 
8,. 
DJ HZ 
T E"P 
I· 
SELf( 
.:BleGEST 
LOOP 
.4 
JB 
845A 
995 
J"P 
ERROR 
:SO"ETHIH[; 
IS 
WROHG 


8'6 
8'7 
;HOW 
"AH 
SURE 
THE 
AleHT 
SENSOR 
IS 
CLEARED 
898 
.410 
8FFF 
8" 
['DHER 
: 
"OY 
JUNK!.ISFFH 
: SE T 
UP 
[.EL 
AV 
•• 
IF 
8EFF 
"I 
SELF: 
"DY 
LI 
HCN T 
fa 
F F H 
: S('"E 
"ORE 
OELIIY 


.421 
U 
"I 
SELFI: 
IN 
A. PI 
:GET 
THE 
FLAG 
IHFOUATIOH 
1422 
F22A 
'.2 
JB7 
DONEF 
: IS 
FLAG 
CLEARE[" 


.424 
EE 21 
,.3 
DJNZ 
LINCHT 
.SELFI 
; IF 
HOT 
LOOP 
1426 
EFIF 
,.. 
PJNZ 
JUHKJ., 
SELF 
:LOOP 
'30"E 
"ORE 
1428 
845A 
,.5 
,I"P 
ERROR 
: LE AYE 
[ F 
FLAG 
[ S 
HOT 
UNCO'HRE[' 


'16 
,.7 
;HOW 
CHECI: 
THE 
LEFT 
SEH~OR 
I H 
THE 
SAH 
"AHHER 
AS 
THE 
,.8 
;RIGHT 
SE HSDR 
.. 
EXCEPT 
['EL 
AV 
ONLY 
2 
5 
SE COH[.S 
,., 


142A 
8CI4 
'11 
DDNEF 
: 
"DY 
TE"P 
1 
184H 
:LOAD 
['E LAY 
I 


.42C 
8FFF 
'I 
I 
SELFCC' 
"DY 
,IUHk 
I· 
ISFFH 
! l O~[) 
OEU,Y 
2 


142E 
8EH 
'12 
SELF&8: 
"(IY 
LIHCHT 
UHH 
.: L (tA[) 
[lE l H'" 
3 


8431 ., 
'13 
SELFAA: 
IN 
A., PI 
; RE All 
THE 
FOR T 
.431 
37 
H4 
CH 
A 
'CHi/NeE 
T H IllG 
S 
AROUllI' 


1432 
D2JC 
'15 
,186 
DONEL 
, OK 
IF 
BIT 
(, 
I s " 
ZE~O 
14 J4 
EE31 
'16 
DJNZ 
L1HCHT 
SELF 
AA 
;S"ALL 
LOOP 
.4 
J6 
EFH 
'17 
OJHZ 
,IUHKl· 
SELF8B 
;BIGGER 
LOOP 
.438 
EC~C 
'18 
OJHZ 
TEKP 
i . SELF! 
C 
:BIGGEST 
LOOP 
1.3A 
845A 
'I' 
J"P 
ERROR 
:SOMETHIHG 
IS 
WRONG 
IOC 
8'11 
'21 
['ONEL 
: 
OH 
P 1 .• 
B 1 H 
:TUP,H 
HOT(lP. 
OFF 
.43E 
83 
'21 
RET 
:GO 
Bi/CK 
'22 
'23 
;HOW 
SET 
UP 
THE 
VARIA8LES 


'24 
I43F 
23FE 
'25 
YAP.SET: 
"OY 
A 
IBfEH 
: L (I~[J 
THE 
TIHEP. 


144: 
62 
'2' 
"DY 
T.iI 


1442 
55 
927 
ST RT 
T 
:STj.t~T 
THE 
T IN ER 


8443 
8828 
'29 
"DV 
IN8UF,tFIRST 
:LOAD 
I HPll 
T 
BUFFER 
8445 
BEI8 
'2' 
"(1'1 
L I HCHT. 
tBBH 
:$E1 
LI HE 
COUHT 


844? 
8D18 
HI 
"OY 
STATUS 
tBBH 
:3[T 
FOf<WAR.(1 
BIT 


'3 
I 
'32 
;HOW 
CLEAR 
THE 
RA" 
"RE 
A 
BY 
WRITING 
SPAr 
E 
C 0[' E S 
'33 
84H 
U28 
'34 
"OY 
·OUTBUF.tFHST 
: L OA[' 
OUTBUF 
S448 
2328 
'35 
CLR"E": 
"DY 
A.I28H 
'PUT 
SPACE 
CO['E 
I H 
A(. c 


844CI 
AI 
'36 
"0'1 
~OUTBUF. 
A 
'PUT 
SPACE 
eO['E 
[ H 
DATA 
HE HO P,'I 
S44E 
19 
937 
IHC 
OUT8UF 
:UP['ATE 
THE 
POIIHER 
IHF 
F' 
'39 
"DV 
A.OUTBUF 
.: "0 
'lE 
THE 
F o IN T E P. 
ll~ T A 
ACC 
8458 
OH8 
'39 
XH 
A, I"Nl<'" 
1 
:SEE 
IF 
['0 H E 
8452 
164B 
H8 
,INZ 
LLRU" 
;LOOP 
IF 
HOT 
CLEAH[' 


HI 
942 
;NDW 
CLEAR 
THE 
8212 


943 
8454 
"EF 
'44 
ANt 
PI.IBEFH 
; SE T 
EHABLE 
& I T 
1456 
81 
945 
"OH 
A.~IHBUF 
:CLEAR 
THE 
821~ 
INPUT 
BUFFER 
1.57 
8' 
11 
'46 
OH 
PI.' 
1 BH 
;RESET 
EHABLE 
81 
T 
947 
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LOC 
08,1 
HQ 
50UR[:E 
STA7EMEHT 


'48 
;HOW 
EXIT 
VARH 
T 
94' 
845' 
83 
'58 
RET 
:LEAVE 
IHITIALlZATIOH 


'51 
'52 
; T HIS 
ROUTIHE 
TU~H5 
THE 
HOTOR 
OFF 
AHO 
LOOPS 


'53 
145A 
8HF 
'54 
ERROR: 
ORL 
PI,I8FFH 
:TURH 
OFF 
HOT OR 
145C 
845[: 
'55 
DEAD: 
J"P 
DEAD 
;LOOP 
BECAUSE 
SO"ETHIHC 
IS 
WRDHC 
'56 
'57 
;THESE 
AR E 
ALL 
SUUOUT 
INES 
THAT 
~H 
CALLED 
'58 
845£ 
1, 
'5' 
IHnST: 
IHC 
OUTBUF 
;UP[IATE 
THE 
POIHTER 
145F 
2378 
H8 
"OV 
A ."~>;+l 
:CET 
THE 
YALUE 
F O~ 
THE 
LAST 
CHARACTER 
IHl 
0' 
HI 
XRL 
A.OUTBUF 
: 00 
IHE 
TE ST 
1462 
83 
~'2 
RET 
: s x t T 
IH3 
89 
H3 
CIPRHT: 
I H 
A, PI 
: READ 
PORT 
OHE 
BH4 
37 
"4 
CPL 
A 
: FL 1P 
81H 
IH5 
~2'3 
H5 
J86 
~TPRHT 
:LOOP 
UHT lL 
SENSOR 
IS 
UHCOYERED 
8H7 
161.8 
'H TSTJTF: 
JTF 
PIT 
; SE E 
1 F 
T lHER 
F L AC 
1 S 
SET 
.." 
8H7 
"7 
J "P 
T ST J TF 
: TE ST 
FL~C 
IH8 
.5 
"8 
PI T : 
STOP 
T CHT 
;STOP 
THE 
T 1HER 
IHC 
FF 
'" 
HOV 
A"IUHKl 
; CE T 
THE 
CHAR AC TER 
IHD 
34Cl 
'79 
CHL 
PR HTIT 
;PRIHT 
THE 
CHARACTER 
IHF 
34 1C 
HI 
CALL 
L HHO[IE 
; GET 
AHOTHER 
CHARACIER 
1471 
33 
'~2 
RET 
:HIT 
8472 
F' 
'73 
[IECTST: 
"DV 
A,OUT8UF 
; CE T 
OUTBUF 
1473 
87 
!f?4 
OEe 
I< 
; RE!JUCE 
BV 
OHE 
.474 
A' 
'75 
"DV 
OUTBUF .. I< 
:PUT 
8ACK 
1 H 
OllTBUF 
1475 
031F 
';'b 
XP.L 
A.fFlRST-l 
; SE E 
1 F 
IT 
1S 
ALL 
THE 
WAY 
DOWN 
1477 
33 
'77 
RET 
: EX I T 
H8 
'79 
; T HIS 
ROUTIHE 
DOES 
LI NE 
FEE 0 
'BB. 


1478 
FE 
'81 
LJHEFO: 
HOV 
A.L1HCHT 
.: GE T 
THE 
LI HE 
COUHT 
84 7~ 
F~'8 
'((2 
,187 
['OFF 
: 1F 
8IT 
7 
I:; 
HT, 
00 
A 
FOR HF EE 0 
B478 
'HO 
'83 
LF [10: 
AHL 
PI.t8FO~ 
'TURN 
OH 
THE 
SOLEHOIO 
847D 
8C40 
'84 
HO'/ 
TEHPl 
.• 
4[1H 
LOAD 
OHE 
DELAY 


847F 
8F93 
'85 
L F L PI: 
HOV 
JUNK L 193H 
;LOAO 
~HOTHER 
DELAY 


1481 
£F81 
'8. LFLP2: 
DJHZ 
.1UHt 
J 
L FLP2 
:LOOP 
1483 
EC7F 
'87 
DJHZ 
lEHP 
I 
L HP 
I 
; L [IOf' 
SO,H 
HORE 
8485 
8'82 
'B8 
OAl 
Pl,I8ZH 
;TURN 
OFF 
LF 
SOLENOID 
8487 
lE 
!'Isq 
INC 
L 114LH I 
:UPOI<TE 
THE 
LI HE 
COUHTER 
8488 
FE 
"8 
HDV 
•. 
L1I4CHT 
:GET 
THE 
LII4E 
COUHT 
148' 
[I32b: 
" 
1 
XP.L 
A _laM 
.: 1S 
PA GE 
OOHe 


8488 
"8F 
!f~.? 
,1HZ 
HOroOH 
: S~:1f' 
OYE~ 
8480 
8E 88 
"3 
HO'/ 
LIHeN! 
ISBH 
'ZERO 
LI HE 
CDUH TEP. 
~~4 
"5 
:HOW 
o ElilY 
'8 
'" Illl 
SECOH(JS 


'" 
848F 
BC8B 
'~l 
H01[IOH: 
"OY 
TEHPt. 
IS8H 
: LOAD 
DELAY 
VALUES 
84'1 
BFFF 
998 
LOPI: 
HDY 
JUHKl.IBFFH 
8493 
EF93 
", lDP2: 
O~IN2 
JUH':I.lOf'2 
: GEHERATE 
OELAY 


8495 
Ee'l 
18BB 
[IJ NZ 
TEHPI. 
LOPI 


84';:' 
83 
1881 
RET 
: LI HE 
FEED 
1S 
OOHE 


1882 
1883 
; T HI S 
ROll T 1HE 
ODE S 
A 
FORH 
F EE!J 
188~ 
84'8 
B' 
IB85 
[IOFF : 
1H 
I< PI 
: GE T 
THS 
5TATU~ 


84 " 
37 
188. 
CPL 
I< 
; FLl 
P 
ACC 
84'A 
53C8 
188;' 
AHL 
A 
IBC8H 
;LEAVE 
OHLY 
TWO 
HS8' 
S 
849C 
C",B 
1888 
JZ 
[. 0 F F 
: 1F 
A 
FLAC 
1 SH' 
T 
COVERED .. 
LOOP 
84'E 
9' 
BI 
188' 
OAL 
PI 
IBIH 
:TURH 
THE 
HOTOR 
OfF 
84AB 
H7B 
1818 
CAlL 
L F ['0 
; CO 
OD 
[IHE 
L1 HE 
FEED 
B4A~ 
FE 
181 I 
FFrt:: 
HO'/ 
A, L I HC HT 
: GE T 
THE 
Ll 
HE 
COUHT 
84A3 
537F 
1812 
AHL 
" 
_,FM 
:STRIP 
BIT 
SEYEH 
84AS 
0388 
1813 
XRL 
",188N 
; 1S 
1 T 
OOHE 
84A? 
CbAO 
1814 
,I, 
FFDOHE 
;LEAYE 
IF 
IT 
1 S 
84 A' 
'478 
1815 
CAlL 
LFOO 
;STROBE 
THE 
SOLEHOIOS 
84AB 
94A~ 
1816 
,IHP 
F F r r 
; CHeel: 
THE 
FOR" 
FEED 
OUT 
14 AD 
83 
1 B 1 r 
FFoaHE: 
PE T 
:.XIT 
FORH 
FEED 
1818 
84 AE 
23E8 
I B I' 
SETTIH: 
HDV 
18£8H 
: GE T 
OELA\' 
YALUE 
8488 
.2 
IB~8 
"DV 
A 
:PUT 
IH 
T I HER 


1481 
55 
1821 
STRT 
: SlAP. T 
THE 
T 1 HE R 
8482 
83 
18~2 
RET 
, EX 1 T 


1823 
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lOC 
08J 
S£Q 
SOURtE 
SHlTE"EMT 


1483 
42 
1 B 2 4 
PRHT8K: 
"DV 
A, T 
:GE T 
THE 
T I"ER 
1484 
37 
1825 
CH 
A 
.:TWO~ 
CD"PLEftEHT 
ACe: 


8485 
17 
18~6 
IHC 
A 


1486 
17 
1827 
IHC 
R 
1487 
17 
1828 
IHC 
R 
8489 
17 
182~ 
IHC 
A 
848~ 
17 
1838 
IHC 
R 
.: •• c) \1 U S T 
TIMER 
14BA 
'2 
1831 
liD'; 
T,,, 
;PUT 
IT 
BACr. 
IH 
THE 
TI"ER 
8488 ., 
1832 
IHLDOP: 
IH 
R 'PI 
:RE AI> PORT 
1 
148C 
F2CI 
1831 
JB7 
[OHPSr. 
:IF 
SEHSOR 
I~ 
HOT 
CO VHE~, 
LEAVE 


UBE 
8488 
1834 
J"P 
IHLOOP 
;OTHERWISE 
LOOP 


84C8 
5S 
1835 
COHPBK: 
STRT 
T 
:ST~RT 
THE 
T I"ER 


14C1 
I6C5 
IBH 
COHPB: 
JTF 
RbTOPT 
:SEE 
IF 
RE ••DY 
TO 
PRIHT 


84C3 
8HI 
I8l? 
J"P 
COHP8 
;OTHERWISE 
LOOP 
84C5 
23FF 
I83S 
RDTOPT: 
"OY 
A"IBFFH 
,:LOAD 
A 
B4C7 
62 
I8B 
"OV 
T,A 
.:PU T 
IT 
IH 
THE 
TlftER 
84C8 
83 
184B 
RE T 
;HIT 


1841 
1842 
;T HI S 
ROUTIHE 
ADJUSTS 
AND 
SAVE S 
THE 
SHTlIS 
DURINC 
PRINTIHC 
1843 
14C' 
FD 
I8H 
STACHK: 
"OY 
A,STATUS 
;GET 
TNE 
STATUS 
B4CA 
9202 
1845 
.IB4 
L F SE T 
,:SE T 
L1HE 
FEED 
BIT 
14CL 
AR 
IB4' 
B4RET: 
"DV 
SAVPHT,A 
;SAYE 
THE 
STATlIS 


84CO 
5)c2 
1847 
ANL 
A,laC2H 
;RE SE T 
EVERYTHIHC 
EXCEPT 
1848 
,:OIRECTIOH 
AHe> PRIHT 
B4CF 
AD 
184~ 
"OY 
STATUS,A 
.:PU T 
THE 
STATUS 
BACK 
841>8 
8413 
1858 
J"P 
LPRHTI 
.:EX IT 
84(12 
4328 
1851 
LF SET: 
OIL 
A,IZ8H 
;SE T 
BIT 
5 


BH4 
8HC 
1852 
.I"P 
B 4 RE T 
;.>U"P BACK 


1853 
1854 
;THI S 
ROlIT IHE 
READS 
A 
CHARACTER 
AHO 
PUTS 
IT 
IH 
THE 
ACC 
1855 
8406 
"EF 
185' 
GTCRR: 
AHl 
PI,IIEFH 
.~SE T 
EHABLE 
BIT 
84C>B sa 
1857 
"on 
A, tlHBUF 
,:RE AD 
THE 
CHARRCTER 
8H' 
3'IB 
1858 
OH 
PI" I 18H 
;RE SE T 
ENABLE 
BIT 
B41>B 
83 
185' 
RET 
:EX IT 
GTCHAR 


186B 
1861 
;THIS 
ROUTIHE 
TURNS 
THE 
MOTOR 
OH 
18'2 
8HC 
"FE 
1863 
"OTON: 
ANl 
PI,IIFEH 
;TURN 
MOTOR 
OH 
8HE 
33 
IB64 
RE T 
;£KIT 
1865 
186' 
;THI S 
ROUTIHE 
TURHS 
THE 
MOTOR 
OFF 
1867 
B40F 
8'81 
1868 
"0 TOF : 
OH 
P!',IBIH 
;TURH 
MOTOR 
OFF 
BHI 
83 
1869 
RE T 
;EXIT 


1878 
1871 
END 
;DONE 


USER 
SV"80lS 


ARM" 
818;' 
ftRHtlJf 
81 " •• 
&"RET 
SHe. 
& A ~:WR(· 
8283 
e:C.JH 
BUB 
BKWR(I 
BlBS 
8UTlIJF' 
01 1 ~ 
8YHH 
SHe 
UISEB 
8831 
[~5E 
81 
BB: 
::- 
{ASE 
1 
BBS~ 
(MSE 
2 
B8Bb 
(MSE 
23 
B824 
(.MSE 3 
BBC" 
(. HA~ 
811 
F 
(l 
QIt£1'I 
04H.I 


( OHPS 
BHl 
[:{I HP Bt.: 
8Ha 
lHI 
x 
8 UHt 
CP.FM,I 
BO'I~ 
{.P.FOH(I 
BB'~ 
(IEM{I 
94Sl 
{lE c r s r 
B47~ 
vOFf 
94 
~& 


{JOLF 
BB;>: 
I'OHEF 
94214 
{JOHEl 
B" 3t. 
{IOHER 
941(1 
EP.ROP. 
945M 
F uc 
88"2 
F [I Cl 
BB"4 
FII(P' 
B8 ~E 
f bCR 1 
lau 
HCK 
84 M~ 
fFOOHE 
B"MII 
FHI>< 
IU~ 
FUH 
8178 
fUE 
HICl 
f J REX 
Bl118 
FIP.EY 
81 [It- 
f' RS T 
8828 
f I XbUM 
11 ;4 
f I XFlH 
813f 
F I :<UP 
8189 
FXCHU 
8161 
F >;PP.HT 
81 '1 
CE TS TM 
81 " •• 
('0011 
812& 


Co TCAR 
84(1" 
C.TPJfHJ 
8463 
I HBUF 
8B88 
I HCTST 
84~E 
I HlOOf' 
8488 
ISCHU 
BUb 
J UH.: 1 
8887 
r T [IUN 
81E8 
l baUF 
BI 
BB 
LFCRU 
al4A 
lFOD 
8''7[4. 
lFF 
I X 
81 All 
lFlP: 
847f 
IF Lf'2 
8481 
l fSE 
T 
84(12 
l F re ST 
81 :'F 
l I HtHT 
.IBb 
ll1HF(.o 
84:'[4. 
U:HJ 
83A6 
U.I'01 
B389 
L ~lO 
8211b 
L HO 
1 
8~87 
L ""DOE 
Bl 
J( 
lOOP. 
BB:'H 


lOP! 
84~1 
lOP~ 
84'H 
lPRHT 
8811 
l PRNT 
1 
8813 
••• 
88H 
!lOTOF 
84bf 
"OTOH 
BoUI( 
MOH 
Bl Bf 
HOLf 
HI1M 
HO TbOH 
B4SF 
H1I 
81(14 
cur sur 
BIOI 
0" 
BUM 
DYRi 
BIBS 
f'MC.E 1 
82MB 
PMGU 
83148 
PIT 
84H 
"RHT 
888~ 
PRHTU 
8483 
PRIHIT 
81 Cl 
HITOPT 
BHS 
SAYf'HT 
U02 
SELf 
841 
f 
SElF 
I 
8421 


SE LFA 
0411 
HlFAH 
UJB 
HLFS 
ihBF 
S-ELfB& 
842E 
SElFC 
84 at> 
SHFct 
942C 
HTTIM 
8H1E 
SE TUP 
849£1 


5.HORT 
81 CH 
S T ACHK 
9H!t 
5.T AT U~ 
B885 
S T8CHT 
BBB3 
5.TBIT! 
81S8 
5. T PrtHT 
815' 
5.UI:II 
BIB 
THBlEl 
B~9a 


TEMP 1 
U8" 
T SJTF 
81 [.IC 
T STJ 
Tf 
S4,,:' 
iIIARSET 
843f 
1.oMT( H 
8875 
WAT('HlJ 
88)1E 


HSSEM[tlY 
COMPLETE. 
HO 
EIUOP.S 
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P1.0 


Pl.1 


P1.2 


P1.3 


P1." 


P1.5 


P1.6 


P1.7 


VPD/RST 


P3.0/AXO 


P3.1IT)(0 


P3.2I1NTO 


P3.3.1NTl 


P3.4/TO 


P3.51T1 


P3.6/WR 
P3.7/FiD 


XTAL2 


XTALl 


VSS 


vcc 


PO.O 


PO.l 


PO.' 


PO.3 


PO." 


PO.5 


PO.6 


PO.7 


VDC/EA 


PROG/ALE 


PSEN 


P2.7 


P2.6 


P2.5 


P2." 


P2.3 


P2.2 


P2.1 


P2.0 


1. INTRODUCTION 


Figure la. 
8051 Microcomputer Plnout Diagram 


In 1976 Intel introduced 
the MCS-48'· 
family. consisting 
of the 8048. 8748. and 8035 microcomputers. 
These parts 
marked the first time a complete 
microcomputer 
system. 
including 
an eight-bit 
CPU. 
1024 8-bit words of ROM 
or EPROM 
program 
memory. 64 words of data memory. 
I 0 ports and an eight-bit 
timer/counter 
could be inte- 
grated onto a single silicon chip. Depending 
only on the 
program 
memory 
contents. 
one chip 
could 
control a 
limitless variety of products. 
ranging from appliances 
or 
automobile 
engines to text or data processing equipment. 


Follow-on 
products 
stretched 
the MCS-48'· 
architecture 
in several 
directions: 
the 
8049 and 
8039 doubled 
the 
amount 
of on-chip memory and ran 83% faster: the 8021 
reduced costs by executing 
a subset of the 8048 instruc- 
tions with a somewhat 
slower clock: and the 8022 put a 
unique two-channel 
8-bit analog-to-digital 
converter 
on 
the same NMOS chip as the computer. 
letting the chip 


interface directly with analog transducers. 


Now three new high-performance 
single-chip 
microcom- 
puters 
-the 
Intel@>8051. 8751. and 
8031-extend 
the 
advantages 
of Integrated 
Electronics to whole new prod- 
uct areas. Thanks to Intel's new H MOS technology. 
the 
MCS-5I'· 
family 
provides 
four 
u.ies 
the 
program 
memory 
and twice the data 
memory 
as the 8048 on a 
single chip. 
New I/O 
and 
peripheral 
capabilities 
both 
increase the range of applicability 
and reduce total system 
cost. 
Depending 
on 
the 
use. 
processing 
throughput 
increases by two and one-half to ten times. 


This Application 
Note is intended to introduce the reader 
to the MCS-51'· 
architecture 
and features. 
While it does 
not assume intimacy with the MCS-48'· 
product 
line on 
the part 
of the reader. 
he/she 
should 
be familiar 
with 


vss 
vcc 
RST/VPD 


f 


~:~ 


INTO 
INn 
PORT 
3 
TO 


T1 
w;; 
AD-. 
~ 
-J- 


Figure lb. 8051 Microcomputer Logic Symbol 


some 
microprocessor 
(preferably 
lntel's, 
of course) 
or 
have a background 
in computer 
programming 
and digital 


logic. 


Family Overview 


Pinout diagrams 
for the 8051. 8751. and 8031 are shown 
in Figure 
I. The devices include the following 
features: 


• Single-supply 
5 volt operation 
using HMOS 
tech- 
nology. 
• 4096 bytes program 
memory on-chip (not on 8031). 


• 
128 bytes data memory on-chip. 
• 
Four register banks. 


• 
128 User-defined software flags. 
• 64 
Kilobytes 
each 
program 
and 
external 
RAM 
addressability. 
• One 
microsecond 
instruction 
cycle with 
12 M Hz 


crystal. 


• 32 bidirectional 
I 0 lines organized 
as four 8-bit 
ports (16 lines on 8031). 
• 
Multiple 
mode. 
high-speed 
programmable 
Serial 
Port. 


• Two multiple mode. 16-bit Timer/Counters. 
• Two-level prioritized 
interrupt 
structure. 
• 
Full depth stack for subroutine 
return 
linkage and 
data storage. 
• Augmented 
MCS-48'· 
instruction 
set. 


• 
Direct Byte and Bit addressability. 
• 
Binary or Decimal arithmetic. 
• Signed-overflow 
detection and parity computation. 
• 
Hardware 
Multiple and Divide in 4 usec. 


• 
Integrated 
Boolean 
Processor 
for control 
applica- 


tions. 
• 
Upwardly compatible 
with existing 8048 software. 


AFN·01502A-04 
2-2 


intel· 
AP-69 


All three 
devices come in a standard 
40-pin 
Dual 
In- 
Line Package. 
with the same pin-out. 
the same timing. 


and 
the 
same. electrical 
characteristics. 
The 
primary 
difference 
between 
the 
three 
is the 
on-chip 
program 
memory -different 
types are offered to satisfy differing 
user requirements. 


The 
87S I 
provides 
4K 
bytes 
of 
ultraviolet-Erasable. 
Programmable 
Read 
Only 
Memory 
(EPROM) 
for 


program 
development. 
prototypipg, 
and 
limited 
pro- 
duction 
runs. 
(By convention. 
IK means 
2'" = 1024. 
Ik-with 
a lower case "k" -equals 
10' = (()OO.)This pan 
may be individually 
programmed 
for a specific applica- 
tion using Intel's Universal PROM 
Programmer 
(UPP). 


If software 
bugs are detected 
or design 
specifications 


change 
the same part 
may be "erased" 
in a matter 
of 
minutes 
by exposure 
to 
ultraviolet 
light 
and 
repro- 
grammed 
with the 
modified 
code. 
This cycle may be 
repeated 
indefinitely 
during the design and development 
phase. 


The final version of the software 
must be programmed 
into a large number 
of production 
parts. The 80S I has 
4K bytes of ROM which are mask-programmed 
with the 
customer's 
order when the chip is built. This part is con- 
siderably 
less expensive. 
but cannot 
be erased or altered 
after fabrication. 


The 8031 does not have any program 
memory on-chip. 


but may be used with up to 64K bytes of external standard 
or rnultiplexed 
ROMs. 
PROMs. 
or EPROMs. 
The 803 I 
fits well in applications 
requiring 
significantly 
larger or 


smaller amounts 
of memory than the 4K bytes provided 
by its two siblings. 


(The 80S I and 87S1 automatically 
access external 
pro- 
gram memory for all addresses greater than the 4096 bytes 
on-chip. 
The External 
Access input 
is an override 
for 


all internal 
program 
memory-the 
80S I and 87S1 will 
each emulate an 803 I when pin 31 is low.) 


Throughout 
this Note. "80SI" is used as a generic term. 


Unless' specifically 
stated 
otherwise. 
the 
point 
applies 
equally to all three components. 
Table I summarizes 
the 
quantitative 
differences 
between 
the 
members 
of the 
MCS-48'" and MCS-S(," 
families. 


The remainder of this Note discusses the various MCS-SI'" 
features and how they can be used. Software and /or hard- 


ware application 
examples illustrate many of the concepts. 


Several isolated tasks (rather 
than one complete 
system 
design example) 
are presented 
in the hope that some of 
them will apply to the reader's experiences or needs. 


A document 
this short cannot 
detail all of a computer 
system's capabilities. 
By no means will all the 80S I instruc- 
tions 
be demonstrated; 
the intent 
is to stress 
new or 
unique 
MCS-SI'" 
operations 
and instructions 
generally 


used in conjunction 
with each other. For additional 
hard- 
ware information 
refer to the 
Intel MCS-SI'" 
Family 
User's Manual, 
publication 
number 
121S17. The assembly 


language 
and use of ASMSI. 
the MCS-SI'" 
assembler. 


are further described 
in the MCS-SI'" 
Macro Assembler 
User's Guide, publication 
number 9800937. 


The 
next 
section 
reviews some 
of the 
basic concepts 


of 
microcomputer 
design 
and 
use. 
Readers 
familiar 
with the 8048 may wish to skim through 
this section 
or skip directly 
to the next. "ARCHITECTURE 
AND 
ORGANIZATION." 


Microcomputer 
Background 
Concepts 


Most digital computers 
use the binary (base 2) number 


system internally. 
All variables. constants. 
alphanumeric 


characters. 
program 
statements. 
etc .. are represented 
by 


groups 
of binary 
digits ("bits"). 
each of which has the 
value 0 or I. Computers 
are classified by how many bits 


they can move or process at a time. 


The 
MCS-SI'" 
microcomputers 
contain 
an 
eight-bit 
central 
processing 
unit (CPU). 
Most operations 
process 


variables 
eight bits wide. All internal 
RAM and ROM. 


and virtually all other 
registers are also eight bits wide. 


An eight-bit 
("byte") 
variable 
(shown 
in Figure 2) may 


assume 
one of 2' = 256 distinct 
values. which 
usually 


represent 
integers 
between 
0 and 
255. Other 
types of 


numbers. 
instructions. 
and so forth are represented 
by 


one or more bytes using certain conventions. 


For example. 
to represent 
positive and negative values. 


the most significant bit (07) indicates the sign of the other 
seven bits-O 
if positive. 
I if negative-allowing 
integer 
variables. 
between 
-128 
and 
+127. For 
integers 
with 
extremely 
large magnitudes, 
several 
bytes are manipu- 
lated together 
as "multiple 
precision" signed or unsigned 
integers-16. 
24, or more bits wide. 


Table 1. Features 
of Intel's 
Single-Chip 
Microcomputers 


EPROM 
ROM 
External 
Program 
Data 
Instr. 
Input! 


Program 
Program 
Program 
Memory 
Memory 
Cycle 
Output 
Interrupt 
Reg. 


Memory 
Memory 
Memory 
(Inl/Max) 
(Bytes) 
Time 
Pins 
Sources 
Banks 


- 
8021 
- 
IK 
IK 
64 
8.4l,Sec 
21 
0 
I 
- 
8022 
- 
2K 2K 
64 
8.4J1Sec 
28 
2 
I 


8748 
8048 
8035 
IK 4K 
64 
2.5 JlSec 
27 
2 
2 
- 
8049 
8039 
2K 4K 
128 
1.36/,Sec 
27 
2 
2 
8751 
8051 
8031 
4K 64K 
128 
1.0JlSec 
32 
5 
4 
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The first members of the MCS-51'· family are 
the 8051, 8751, and 8031. The architecture 
of 
the 8051-series, while derived from the 8048, 
is not 
strictly 
compatible; 
there 
are 
more 
addressing 
modes, 
more instructions, 
larger 
address spaces, and a few other hardware dif- 
ferences. 
In this Application 
Note the letters 
"MCS-51" 
are used when referring 
to archi- 
tectural 
features of the 8051-series-features 
which 
would 
be included 
on possible future 
microcomputers 
based on the 8051 CPU. Such 
products 
could 
have 
different 
amounts 
of 
memory 
(as in 
the 
8048/8049) 
or 
different 
peripheral functions 
(as in the 8021 and 8022) 
while 
leaving 
the 
CPU 
and 
instruction 
set 
intact. 
ASM51 is the assembler 
used by all 
microcomputers 
in the 8051 family. 


The letters "MCS" have traditionally 
indicated 
a system or family of compatible 
Intel@ micro- 
computer components, 
including 
CPUs, mem- 
ories, clock generators, I/O expanders, and so 
forth. The numerical suffix indicates the micro- 
processor 
or microcomputer 
which serves as 
the cornerstone 
of the family. Microcomputers 
in the MCS-48'· 
family 
currently 
include 
the 
8048-series (8035, 8048, & 8748), the 8049-series 
(8039 & 8049), and the 8021 and 8022; the 
family also includes the 8243, an I/O expander 
compatible 
with each of the microcomputers. 


Each computer's CPU is derived from the 8048, 
with essentially the same architecture, address- 
ing modes, and instruction 
set, and a single 
assembler (ASM48) serves each. 


Two digit decimal numbers may be "packed" in an eight- 
bit value, using four bits for the binary code of each digit. 
This is called Binary-Coded 
Decimal (BCD) representa- 
tion, 
and 
is often 
used 
internally 
in programs 
which 
interact heavily with human beings. 


Alphanumeric 
characters 
(letters, 
numbers, 
punctuation 
marks, 
etc.) are often 
represented 
using the American 
Standard 
Code 
for 
Information 
Interchange 
(ASCII) 
convention. 
Each character 
is associated 
with a unique 


seven-bit 
binary 
number. 
Thus one byte may represent 


I 
0 


07 
06 
05 
04 
03 
02 
01 
DO 


Figure 2. Representation of Bits Within an Eight-Bit 
"Byte" (Value shown = 01010001 Binary = 
81 decimal). 


a single character, 
and a word or sequence of letters may 


be represented 
by a series (or "string") of bytes. Since the 
ASCII code only uses 128 characters. 
the most significant 
bit of the byte is not needed to distinguish 
between char- 


acters. 
Often 
D7 is set to 0 for all characters. 
In some 


coding schemes, D7 is used to indicate the "parity" of the 
other 
seven bits--set 
or cleared as necessary 
to ensure 
that the total number 
of "I" bits in the eight-bit code is 
even ("even 
parity") 
or odd ("odd 
parity"). 
The H051 
includes hardware to compute 
parity when it is needed. 


A computer 
program 
consists of an ordered sequence of 
specific, simple steps to be executed 
by the CPU one-at- 
a-time. The method or sequence of steps used collectively 
to solve the user's application 
is called an "algorithm." 


The program 
is stored inside the computer 
as a sequence 


of binary 
numbers. 
where each number 
corresponds 
to 


one of the basic operations 
("opcodes") 
which the CPU 
is capable 
of executing. 
In the 
H051. each 
program 
memory 
location 
is one 
byte. 
A complete 
instruction 


consists 
of a sequence of one or more bytes. where the 
first defines the operation 
to be executed 
and additional 
bytes (if needed) 
hold additional 
information. 
such as 
data values or variable addresses. 
No instruction 
is longer 
than three bytes. 


The way in which binary opcodes and modifier bytes are 
assigned to the CPU's operations 
is called the computer's 
"machine 
language." 
Writing 
a 
program 
directly 
in 
machine language is time-consuming 
and tedious. Human 
beings think in words and concepts 
rather than encoded 
numbers. so each CPU operation 
and resource is given a 
name and standard abbreviation 
("mnemonic"). 
Programs 
are more easily discussed using these standard mnemonics. 
or "assembly 
language." and may be typed into an lntel:" 


lntellecv 
800 or Series II® microcomputer 
development 


system in this form. The development 
system can mechan- 


ically translate 
the 
program 
from 
assembly 
language 
"source" form to machine language "object" code using a 
program called an "assembler." 
The MCS-5I'· 
assembler 


is called ASM51. 


There are several important 
differences 
between a com- 


puter's machine language and the assembly language used 
as a tool to represent it. The machine language or instruc- 
tion 
set is the set of operations 
which 
the CPU 
can 
perform while a program is executing ("at run-time"). and 
is strictly 
determined 
by the microcomputer 
hardware 
design. 


The assembly 
language 
is a standard 
(though 
more-or- 
less arbitrary) 
set of symbols including the instruction 
set 


mnemonics. 
but with additional 
features 
which further 


simplify 
the 
program 
design 
process. 
For 
example. 


ASM51 
has controls 
for creating 
and formatting 
a pro- 


gram 
listing, and a number 
of directives 
for allocating 


variable 
storage 
and inserting 
arbitrary 
bytes of data 
into 


the object code for creating tables of constants. 
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In addition. 
ASM51 
can perform 
sophisticated 
mathe- 


matical 
operations. 
computing 
addresses 
or evaluating 
arithmetic 
expressions 
to relieve the programmer 
from 
this drudgery. 
However. these calculations 
can only use 
information 
known at "assembly time." 


For example. 
the 8051 performs 
arithmetic 
calculations 
at run-lime. 
eight bits at a time. ASM51 can do similar 


operations 
16 bus at a time. The 8051 can only do one 
simple step per instruction. 
while ASM51 
can perform 


complex 
calculations 
in each line of source code. How- 
ever. the operations 
performed 
by the assembler may only 
use parameter 
values fixed at assembly-time. 
not variables 
whose 
values 
are 
unknown 
until 
program 
execution 
begins. 


For example. 
when the assembly 
language 
source line. 


ADD 
A.#(LOOP_COUNT 
+ I) * 3 


is assembled, 
AS M51 will find the 
value 
of the 
pre- 
viously-defined 
constant 
"LOOP_COUNT" 
in an internal 


symbol table. increment 
the value. multiply the sum by 
three. and (assuming it is between -256 and 255 inclusive) 
truncate 
the product 
to eight bits. When this instruction 


is executed. the 8051 ALU will just add that 
resulting 
constant 
to the accumulator. 


Some 
similar 
differences 
exist 
to distinguish 
number 


system ("radix") 
specifications. 
The 8051 does all com- 


putations 
in binary (though there are provisions 
for then 


converting 
the result to decimal form). In the course of 


writing a program. 
though. 
it may be more convenient 


to specify constants 
using some other radix. such as base 


H1.On other occasions. it is desirable to specify the ASCII 
code for some character 
or string of characters 
without 
refering to tables. ASM51 allows several representations 
for constants. 
which 
are converted 
to binary 
as each 
instruction 
is assembled. 


For 
example. 
binary 
numbers 
are 
represented 
in the 


assembly 
language 
by 
a 
series 
of 
ones 
and 
zeros 
(naturally). 
followed by the letter "B" (for Binary); octal 
numbers 
as a series of octal digits (0-7) followed 
by the 
letter "0" (for Octal) or "Q" (which doesn't stand for any- 
thing. 
but looks sort of like an "0" and 
is less likely 
to be confused with a zero). 


Hexadecimal 
numbers are represented 
by a series of hexa- 
decimal digits (0-9.A-F). 
followed by (you guessed it) the 


letter "H." A "hex" number 
must begin with a decimal 


digit; otherwise 
it would look like a user-defined 
symbol 


(to be discussed later). A "dummy" 
leading zero may be 
inserted before the first digit to meet this constraint. 
The 


character 
string 
"BACH" 
could 
be a legal label for a 
Baroque 
music synthesis routine; the string "OBACH" is 
the hexadecimal 
constant 
BAC,.. 
This is a case where 


adding 0 makes a big difference. 


Decimal numbers are represented by a sequence of decimal 
digits. optionally 
followed by a "0:' If a number 
has no 
suffix. it is assumed 
to be decimal-so 
it had better not 


contain 
any non-decimal 
digits. "OBAC" is not a legal 


representation 
for anything. 


When an ASCII code is needed in a program. 
enclose the 


desired character 
between two apostrophes 
(as in '11')and 
the assembler 
will convert 
it to the appropriate 
code (in 
this case 23H). 
A string 
of characters 
between 
apos- 


trophes 
is translated 
into a series of constants; 
'BACH' 
becomes 42H, 41 H. 43H, 48H. 


These same conventions 
are used throughout 
the asso- 


ciated lntel documentation. 
Table 2 illustrates some of the 
different number formats. 


2. ARCHITECTURE 
AND 
ORGANIZATION 
Figure 3 blocks out the MCS-51'· 
internal organization. 


Each 
microcomputer 
combines 
a 
Central 
Processing 


Unit, two kinds of memory 
(data 
RAM 
plus program 
ROM or EPROM). 
Input/Output 
ports. and the mode. 


Table 2. Notations 
Used to Represent 
Numbers 


Hexa- 
Signed 
Bit Pattern 
Binary 
Octal 
Decimal 
Decimal 
Decimal 


00000000 
OB 
OQ 
OOH 
0 
0 
00000001 
IB 
IQ 
OIH 
I 
+1 
............... 
.. 
... 
... 
.. 
.... 


000001 
1 1 
IIIB 
7Q 
07H 
7 
+7 


00001000 
1000B 
10Q 
08H 
8 
+8 


00001001 
lOOIB 
IIQ 
09H 
9 
+9 


00001010 
IOI0B 
12Q 
OAH 
10 
+10 
........ ....... 
.. 
... 
... 
.. 
.... 


0000 
1 1 1 1 
11liB 
17Q 
OFH 
15 
+15 


00010000 
lOOOOB 
20Q 
10H 
16 
+16 


.. . ..... .... .. . 
.. 
... 
... 
.. 
.... 
o 
1 1 1 1 1 1 1 
1I11111B 
I77Q 
7FH 
127 
+127 
10000000 
10000000B 
200Q 
80H 
128 
-128 
10000001 
1000000lB 
20lQ 
81H 
129 
-127 


............... 
........ 
... 
... 
... 
.... 
1 1 1 1 1 1 1 0 
1I111110B 
376Q 
OFEH 
254 
-2 
1 1 1 1 1 1 1 1 
""""B 
377Q 
OFFH 
255 
-I 
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Figure 3. Block Diagram of 8051 Internal Structure 


status. and data registers and random 
logic needed for 
a variety of peripheral 
functions. 
These elements 
com- 
municate 
through 
an 
eight-bit 
data· 
bus 
which 
runs 
throughout 
the chip. somewhat akin to indoor plumbing. 
This bus is buffered to the outside world through 
an I/O 
port when memory or I/O expansion 
is desired. 


Let's summarize 
what each block does; later chapters dig 
into the CPU's instruction 
set and the peripheral 
registers 
in much greater detail. 


Central Processing Unit 
The CPU is the "brains" 
of the microcomputer. 
reading 
the user's program 
and executing the instructions 
stored 
therein. Its primary elements are an eight-bit Arithmetic/ 
Logic Unit with associated 
registers A. B, PSW, and SP. 


and the sixteen-bit 
Program 
Counter and "Data 
Pointer" 
registers. 
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Arithmetic 
Logic Unit 


The ALU can perform 
(as the name implies) arithmetic 
and 
logic functions 
on eight-bit 
variables. 
The former 
include 
basic addition, 
subtraction, 
multiplication, 
and 
division; 
the latter include the logical operations 
AND, 


OR, and Exclusive-OR, 
as well as rotate, clear, comple- 
ment, 
and so forth. 
The ALU also makes 
conditional 
branching 
decisions, 
and provides 
data 
paths and tem- 
porary registers used for data transfers within the system. 
Other instructions 
are built up from these primitive func- 
tions: the addition 
capability 
can increment 
registers or 
automatically 
compute 
program 
destination 
addresses; 


subtraction 
is also used in decrementing 
or comparing 
the 
magnitude 
of two variables. 


These 
primitive 
operations 
are automatically 
cascaded 
and 
combined 
with dedicated 
logic to build 
complex 
instructions 
such as incrementing 
a sixteen-bit 
register 
pair. To execute one form of the compare 
instruction, 
for 
example. 
the S051 increments 
the program counter 
three 
times. reads three bytes of program 
memory. computes a 


register 
address 
with logical 
operations, 
reads 
internal 
data memory twice, makes an arithmetic 
comparison 
of 
two variables. compute, 
a sixteen-bit destination 
address, 


and decides whether or not to make a branch-all 
in two 
microseconds! 


An important 
and unique feature of the MCS-51 archi- 
tecture 
is that the ALU can also manipulate 
one-bit as 
well as eight-bit 
data 
types. Individual 
bits may be set, 
cleared. 
or complemented. 
moved, 
tested, 
and 
used in 
logic computations. 
While support 
for a more primitive 
data type may initially seem a step backwards 
in an era 
of increasing 
word length, 
it makes the S051 especially 
well suited 
for controller-type 
applications. 
Such algo- 
rithms 
inherentlv 
involve 
Boolean 
(true 
false) 
input 
and output 
variables, 
which were heretofore 
difficult to 
implement 
with standard 
microprocessors. 
These features 
are collectively 
referred 
to as the 
MCS-51'" 
"Boolean 
Processor," 
and are described 
in the so-named 
chapter 
to come. 


Thanks 
to this powerful 
ALU, the S051 instruction 
set 
fares well at both 
real-time 
control 
and data 
intensive 
algorithms. 
A total of 51 separate 
operations 
move and 
manipulate 
three data types: Boolean (I-bit). 
byte (S-bit). 


and address (16-bit). All told, there are eleven addressing 
modes-seven 
for data. four for program 
sequence con- 
trol (though 
only eight are used by more than just a few 


specialized 
Instructions). 
Most operations 
allow several 
addressing 
modes. bringing the total number 
of instruc- 
tions (operation/addressing 
mode combinations) 
to Ill, 


encompassing 
255 of the 256 possible eight-bit 
instruc- 
tion opcodes. 


Instruction 
Set Overview 


Table 
4 
lis rs 
these 
I J J 
instructions 
classified 
into 
five 
groups: 


• 
Arithmetic Operations 
• 
Logical Operations 
for Byte Variables 
• 
Data Transfer Instructions 
• 
Boolean Variable Manipulation 
• 
Program 
Branching and Machine Control 


MCS-4S'· 
programmers 
perusing Table 4 will notice the 
absence 
of special categories 
for Input/Output, 
Timer! 


Counter, 
or Control 
instructions. 
These functions 
are all 
still provided (and indeed many new functions are added). 
but as special cases of more generalized 
operations 
in 
other categories. 
To explicitly 
list all the useful instruc- 


tions involving I/O and peripheral 
registers would require 
a table approximately 
four times as long. 


Observant 
readers 
will also notice that all of the 8048's 
page-oriented 
instructions 
(conditional 
jumps. 
JM PP. 


MOVP. MOVP3) have been replaced with corresponding 
but non-paged 
instructions. 
The S051 instruction 
set is 
entirely 
nun-page-oriented. 
The 
MCS-48'· 
"MOVP" 
instruction 
replacement 
and all conditional 
jump instruc- 


tions operate 
relative to the program 
counter, 
with" the 


actual jump address computed 
by the CPU during instruc- 


tion execution. The "MOVP3" 
and "J MPP" replacements 


are 
now 
made 
relative 
10 another 
sixteen-bit 
register. 


which allows the effective destination 
to be anywhere 
in 
the 
program 
memory 
space. 
regardless 
of where 
the 
instruction 
itself is located. 
There 
are even three-byte 
jump and call instructions 
allowing the destination 
to be 
anywhere 
in the 64K program address space. 


The instruction 
set is designed to make programs efficient 
both 
in terms 
of code 
size and 
execution 
speed. 
No 


instruction 
requires 
more than 
three 
bytes of program 
memory. 
with the majority 
requiring 
only one or two 


bytes. Virtually all instructions 
execute 
in either one or 
two instruction 
cycles-one 
or two microseconds 
with 
a 
12-M Hz crystal-with 
the sole exceptions 
(multiply 
and divide) completing 
in four cycles. 


Many instructions 
such as arithmetic 
and logical func- 
tions or program control. provide both a short and a long 
form for the same operation. 
allowing the programmer 
to optirrrize the code produced 
for a specific application. 


The S051 usually fetches two instruction 
bytes per instruc- 
tion cycle. so using a shorter 
form can lead to faster 
execution 
as well. 


For example. 
any byte of RAM 
may be loaded with a 
constant 
with a three-byte. 
two-cycle instrucnon. 
but the 
commonly 
used "working 
registers" 
In RAM 
may be 
initialized 
in one cycle with a two-byte 
form. 
Any bit 
anywhere 
on the chip may be set. cleared. 
or comple- 
mented 
by a single three-byte 
logical Instruction 
using 
two cycles. But critical control 
bits. I 0 
pins. and soft- 


ware flags may be controlled 
by two-byte. 
single cycle 
Instructions. 
While three-byte 
Jumps 
and calls can "go 
anywhere" 
in program 
memory. nearby sections of code 
may be reached by shorter 
relative or absolute 
versions. 
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Symbol 
Position 
Name and Significance 


OV 
PSW.2 
Overflow 
nag. 


Symbol 
Position 
Name and Significance 


Set cleared 
by hardware 
during 
arith- 


metic instructions 
to indicate overflow 


CY 
PSW.7 
Carry 
nag. 
conditions. 
Set cleared 
by hardware 
or software 


during 
certain 
arithmetic 
and logical 
PSW.I 
(reserved) 


instructions. 
P 
PSW.O 
Parity 
nag. 


AC 
PSW.6 
Auxiliary 
Carry 
nag. 
Set cleared 
by hardware 
each instruc- 
Set cleared 
by hardware 
during 
addition 
tion cycle to indicate 
an oddseven 
or subtraction 
instructions 
to indicate 
number 
of "one" 
bits in the accumu- 
carry or borrow 
out of bit 3. 
lator, 
i.e., even 
parity. 


FO 
PSW.5 
Flag 0 
Note- 
the contents of(RSI. 
RSO) enable the 
Set/cleared/tested 
by software 
as a 
working 
register banks as follows: 


user-defined 
status 
nag. 
(0.0) 
Bank 0 
(OOH-07H) 


RSI 
PSW.4 
Register 
bank 
Select control 
bits I & O. 
(0.1) 
Bank I 
(OBH-OFH) 
Set/cleared 
by software 
to determine 
(1.0) 
Bank 2 
(IOH-17H) 
RS 
PSW.3 
working 
register 
bank (see Note). 
(1.1) -Bank 3 
(IBH-IFH) 


Figure 4_ PSW-Program 
Status Word Organization 


A significant 
side 
benefit 
of an 
instruction 
set 
more 
powerful 
than 
those 
of previous 
single-chip 
microcom- 
puters is that it is easier to generate 
applications-oriented 


software. 
Generalized 
addressing 
modes for byte and bit 
instructions 
reduce 
the 
number 
of source 
code 
lines 


written 
and debugged 
for a given application. 
This leads 


in turn 
to proportionately 
lower software 
costs, greater 
reliability, and faster design cycles. 


Accumulator 
and PSW 


The 
8051, 
like 
its 
8048 
predecessor, 
is primarily 
an 
accumulator-based 
architecture: 
an 
eight-bit 
register 
called the accumulator 
("A") holds a source operand 
and 
receives the result of the arithmetic 
instructions 
(addition, 
subtraction, 
multiplication, 
and division). 
The accumula- 
tor can be the source or destination 
for logical operations 


and 
a number 
of special 
data 
movement 
instructions, 


including 
table look-ups 
and external 
RAM 
expansion. 


Several 
functions 
apply 
exclusively 
to the accumulator: 


rotates, 
parity computation, 
testing for zero, and so on. 


Many 
instructions 
implicitly 
or explicitly 
affect (or are 
affected 
by) 
several 
status 
flags, 
which 
are 
grouped 
together 
to form 
the 
Program 
Status 
Word 
shown 
in 
Figure 4. 


(The period 
within entries 
under 
the Position 
column 
is 
called 
the "dot 
operator," 
and 
indicates 
a particular 
bit 
position 
within an eight-bit 
byte. "PSW.5" 
specifies bit 5 
of the PSW. 
Both the documentation 
and 
ASM51 
use 
this notation.) 


The most "active" status bit is called the carry flag (abbre- 
viated 
"C"). 
This 
bit makes 
possible 
multiple 
precision 
arithmetic 
operations 
including 
addition, 
subtraction, 


and rotates. 
The carry also serves as a "Boolean 
accumu- 
lator" for one-bit 
logical operations 
and bit manipulation. 


instructions. 
The overflow 
flag (OV) detects 
when arith- 
metic overflow occurs on signed integer operands, 
making 


two's 
complement 
arithmetic 
possible. 
The 
parity 
flag 
(P) is updated 
after every instruction 
cycle with the even- 


parity of the accumulator 
contents. 


The CPU 
does 
not control 
the two register-bank 
select 
bits, 
RSI 
and 
RSO. Rather, 
they 
are 
manipulated 
by 
software 
to enable 
one of the four 
register 
banks. 
The 
usage of the PSW flags is demonstrated 
in the Instruc- 
tion Set chapter 
ofthis 
Note. 


Even though 
the architecture 
is accumulator-based, 
pro- 
visions 
have 
been made 
to bypass 
the accumulator 
in 


common 
instruction 
situations. 
Data may be moved from 


any location 
on-chip 
to any register, address, 
or indirect 


address 
(and vice versa), any register may be loaded with 


a constant. 
etc., all without 
affecting 
the accumulator. 


Logical operations 
may be performed 
against 
registers or 


variables 
to alter fields of bits-without 
using or affecting 
the accumulator. 
Variables 
may be incremented, 
decre- 
mented, 
or tested without 
using the accumulator. 
Flags 
and control 
bits may be manipulated 
and tested without 


affecting anything 
else. 


Other CPU Registers 


A special eight-bit 
register ("B") serves in the execution 
of 
the multiply 
and divide instructions. 
This register is used 


tn conjunction 
with the accumulator 
as the second 
tnput 


operand 
and to return eight-bits 
of the result. 


The MCS-51 
family processors 
include a hardware 
stack 


within 
internal 
RAM, 
useful 
for 
subroutine 
linkage, 
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passing parameters 
between routines. temporary 
variable 
storage. or saving status during interrupt 
service routines. 
The Stack 
Pointer 
(SP) is an eight-bit 
pointer 
register 
which indicates the address of the last byte pushed onto 
the stack. The stack pointer is automatically 
incremented 
or decremented 
on all push or pop instructions 
and all 


subroutine 
calls and returns. 
In theory. the stack in the 
8051 may be up to a full 128 bytes deep. (In practice. even 
simple programs 
would use a handful of RAM locations 
for pointers. 
variables. 
and so forth-reducing 
the stack 
depth by that number.) The stack pointer defaults to 7 on 
reset. so that the stack will start growing up from location 
8. just like in the 8048. By altering the pointer contents the 
stack may be relocated 
anywhere 
within internal 
RAM. 


Finally. a 16-bit register called the data pointer (DPTR) 
serves as a base register in indirect jumps. 
table look-up 
instructions. 
and external 
data transfers. 
The high- and 
low-order 
halves of the data pointer may be manipulated 
as separate 
registers 
(DPH 
and 
DPL. 
respectively) 
or 
together 
using special instructions 
to load or increment 
all sixteen bits. Unlike the 8048. look-up tables can there- 
fore 
start 
anywhere 
in program 
memory 
and 
be of 
arbitrary 
length. 


Memory Spaces 


Program 
memory 
is separate 
and 
distinct 
from 
data 
memory. 
Each memory 
type has a different 
addressing 
mechanism, 
different 
control 
signals, 
and 
a different 
function. 


The program 
memory array (ROM 
or EPROM). 
like an 
elephant, 
is extremely 
large and never forgets informa- 
tion. even when power is removed. 
Program 
memory 
is 
used for information 
needed each time power is applied: 
initialization 
values. 
calibration 
constants, 
keyboard 
layout tables, etc .. as well as the program 
itself. The pro- 
gram memory has a sixteen-bit 
address 
bus; its elements 


are addressed 
using the Program 
Counter 
or instructions 
which generate a sixteen-bit address. 


To stretch our analogy just a bit, data memory 
is like a 
mouse: it is smaller and therefore 
quicker 
than program 
memory, and it goes into a random 
state when electrical 
power is applied. On-chip data RAM is used for variables 
which are determined 
or may change while the program 
is running. 


A computer 
spends 
most of its time manipulating 
vari- 
ables, 
not constants. 
and a relatively 
small number 
of 
variables at that. Since eight-bits 
is more than sufficient 
to uniquely 
address 
128 RAM 
locations, 
the on-chip 
RAM address 
register is only one byte wide. In contrast 
to the program 
memory. 
data 
memory 
accesses need a 
single eight-bit 
value-a 
constant 
or another 
variable- 


to specify a unique location. 
Since this is the basic width 
of 
the 
ALU 
and 
the 
different 
memory ·types. 
those 
resources 
can 
be used by the addressing 
mechanisms. 
c;ntributing 
greatly to the computer's 
operating efficiency. 


The partitioning 
of program and data memory is extended 
to 
off-chip 
memory 
expansion. 
Each 
may 
be added 
independently. 
and each uses the same address and data 
busses, but with different 
control 
signals. 
External 
pro- 
gram memory is gated onto the external 
data bus by the 
PSEN 
(Program 
Store 
Enable) control 
output, 
pin 29. 
External 
data 
memory 
is read onto the bus by the RD 
output, 
pin 17, and written 
with data supplied 
from the 
microcomputer 
by the WR output, 
pin 16. (There is no 
control 
pin to write external 
program 
ROM. which is by 


definition 
Read Only.) While both types may be expanded 
to up to 64K 
bytes. 
the external 
data 
memory 
may 
optionally 
be expanded 
in 256 byte "pages" to preserve 
the use of P2 as an I/O port. This is useful with a relatively 
small expansion 
RAM (such as the Intel® 8155) or for 
addressing external peripherals. 


Single-chip 
controller 
programs 
are finalized during the 
project design cycle, and are not modified after produc- 
tion. 
lntel's 
single-chip 
microcomputers 
are 
not 
"von 
Neurnann" 
architectures 
common 
among 
main-frame 
and 
mini-computer 
systems: 
the 
MCS-51'· 
processor 
data memory-on-chip 
and external-may 
not be used 
for program 
code. Just as there is no write-control 
signal 
for program 
memory, 
there is no way for the CPU 
to 
execute 
instructions 
out of RAM. 
In return. 
this con- 
cession 
allows 
an 
architecture 
optimized 
for efficient 
controller 
applications: 
a large, fixed program 
located in 
ROM, a hundred 
or so variables in RAM. and different 
methods for efficiently addressing each. 


(Von Neumann machines are helpful for software develop- 
ment and debug. 
An 8051 system could be modified 
to 
have a single off-chip memory 
space by gating together 
the two memory-read 
controls 
(PSEN 
and RD) with a 
two-input 
AND 
gate (Figure 
5). The CPU 
could 
then 
write data into the common memory array using WR and 
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1mI"WII} 
TO 
MEMORY 
_105_' 
_mR_lII!_ 
IIliIlIlI 
ARRAY 


Figure 5. Combining 
Externel 
Progrem 
end 
Oete 
Memory Arrey. 


external 
data transfer 
instructions. 
and read instructions 


or data with the AND gate output 
and data transfer 
or 


program 
memory 
look-up 
instructions.) 


In addition 
to the memory arrays, 
there is (yet) another 


(albeit sparsely 
populated) 
'physical address 
space. Con- 


nected 
to the internal 
data 
bus are a score of special- 


purpose eight-bit registers scattered 
throughout 
the chip. 


Some 
of these-B. 
SP. 
PSW. 
DPH. 
and 
DPL--have 


been discussed above. Others-s-lj O ports and peripheral 
function 
registers-will 
be introduced 
in the following 


sections. Collectively. these registers are designated as the 
"special-function 
register" address 
space. Even the accu- 


mulator 
is assigned a spot in the special-function 
register 


address space for additional 
flexibility and uniformity. 


Thus. the MCS-51'· 
architecture 
supports several distinct 


"physical" 
address 
spaces. functionally 
separated 
at the 


hardware 
level by different addressing 
mechanisms. 
read 


and write control signals. or both: 


• On-chip program 
memory; 


• On-chip data memory; 
• Off-chip program 
memory; 


• Off-chip data memory; 
• On-chip special-function 
registers. 


What the programmer 
sees. though. are "logical" address 
spaces. 
For 
example. 
as 
far 
as 
the 
programmer 
is 
concerned. 
there is only one type of program 
memory. 
64K bytes in length. The fact that it is formed 
by com- 


bining on- and off-chip arrays (split 4K/60K 
on the 8051 


and 
8751) is "invisible" 
to the programmer; 
the CPU 
automatically 
fetches 
each 
byte from 
the appropriate 


array. based on its address. 


(Presumably. 
future 
microcomputers 
based 
on 
the 


MCS-51 ,. architecture 
may have a different physical split, 


with more or less of the 64K total implemented 
on-chip. 
Using the MCS-48'· 
family as a precedent. 
the 8048's 4K 


potential program address space was split IK/3K between 
on- and off-chip arrays; the 8049's was split 2K/2K.) 


Why go into such tedious details about address 
spaces? 
The logical addressing 
modes are described in the Instruc- 


tion 
Set chapter 
in terms 
of physical 
address 
spaces. 


Understanding 
their differences now will payoff in under- 


standing and using the chips later. 


Input/Output 
Ports 


The MCS-51'· 
I/O port structure 
is extremely 
versatile. 


The 8051 and 8751 each have 32 I/O pins configured 
as 
four eight-bit parallel ports (PO. PI. P2. and P3). Each pin 
will input or output 
data (or both) under software 
con- 
trol. and each may be referenced 
by a wide repertoire 
of 


byte and bit operations. 


In various operating 
or expansion 
modes. some of these 


I/O pins are also used for special input or output 
func- 
tions. 
Instructions 
which 
access 
external 
memory 
use 
Port 0 as a multiplexed address/data 
bus: at the beginning 
of an external 
memory cycle eight bits of the address are 
output 
on PO; later data is transferred 
on the same eight 
pins. 
Exte~nal 
data 
transfer 
instructions 
which 
supply 
a 
sixteen-bit 
address. 
and 
any 
instruction 
accessing 
external 
program 
memory. 
output 
the high-order 
eight 
bits on P2 during the access cycle. (The 8031 a/wars uses 
the pins of POand P2 for external addressing. 
but P I and 


P3 are available for standard 
I/O.) 


The eight pins of Port 3 (P3) each have a special function. 
Two external 
interrupts. 
two counter 
inputs. 
two serial 


data lines. and two timing control 
strobes use pins of P3 
as described 
in Figure 6. Port 3 pins corresponding 
to 
functions 
not used are available for conventional 
I O. 


Even within a single port. I/O functions may be combined 
in many ways: input and output 
may be performed 
using 


different pins at the same time. or the same pins at different 
times; in parallel in some cases. and in serial in others; as 
test pins. or (in the case of Port 3) as additional 
special 
functions. 
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(LSS) 


TO 
IINT1 
I INTO 
I 
TXO I 
R.O I 


Symbol 
Position 
RD 
P3.7 


Name and Significance 
.Read data control output. Active low 
pulse generated by hardware when 
external data memory is read. 


Symbol 
Position 
Name and Significance 
INTI 
P3.3 
Interrupt I input pin. Low-levelor 
falling-edge 
triggered. 


INTO 
PJ.2 
Interrupt 
0 input pin. Low-levelor 
WR 
P3.6 
Write data control 
output. 
Active low 
falling-edge 
triggered. 


pulse generated by hardware when 
external 
data 
memory 
is written. 
TXD 
P3.1 
Transmit 
Data 
pin for serial 
port in 


UART mode. Clock output In shift 
TI 
P3.5 
Timer counter 
I external 
input or test 
register 
mode. 


pin. 


RXD 
P3.0 
Receive Data pin for serial port in 
TO 
P3.4 
Timer/counter 
0 external 
input or test 
UART mode. Data I 0 pin In shift 
pin. 
register 
mode. 


Figure 6. P3-Alternate 
Special Functions of Port 3 


Special Peripheral Functions 


There are a few special needs common 
among control- 
oriented computer 
systems: 
• keeping track of elapsed real-time; 
• maintaining 
a count of signal transitions; 
• measuring 
the precise width of input pulses; 
• communicating 
with other systems or people; 
• closely monitoring 
asynchronous 
external events. 


Until 
now. 
microprocessor 
systems 
needed 
peripheral 
chips such as timer/counters. 
USA RTs. or interrupt 
con- 
trollers 
to meet these needs. The 8051 integrates 
all of 
these capabilities 
on-chip! 


Timer/Counters 


There are two sixteen-bit 
multiple-mode 
Timer Counters 
on the 8051. each consisting of a "High" byte (correspond- 
ing to the 8048 "T' 
register) and a low byte (similar 
to the 
8048 prescaler, 
with the additional 
flexibility 
of being 


software-accessible). 
These registers are called. naturally 


enough. 
THO. TLO. TH 1. and TLl. 
Each pair may be 


independently 
software 
programmed 
to any of a dozen 
modes with a mode register designated 
TMOD 
(Figure 


7). and controlled 
with register TCON (Figure 8). 


The timer modes can be used to measure time intervals. 
determine 
pulse widths. or initiate events. with one-micro- 
second 
resolution. 
up to. a maximum 
interval of 65.536 
instruction 
cycles (over 65 milliseconds). 
Longer delays 


may easily be accumulated 
through software. Configured 
as a counter. the same hardware 
will accumulate 
external 
events at frequencies 
from D.e. to 500 KHz. with up to 


sixteen bits of precision. 


Serial Port Interface 


Each microcomputer 
contains 
a high-speed. 
full-duplex. 


serial port which is software 
programmable 
to function 
in four 
basic modes: 
shift-register 
I/O 
expander. 
8-bit 
UART. 9-bit UART. or interprocessor 
communications 


link. The UART 
modes will interface with standard 
I 0 
devices (e.g. CRTs. 
teletypewriters. 
or modems) 
at data 


rates 
from 
122 baud 
to 
31 kilobaud. 
Replacing 
the 


standard 
12 MHz crystal with a 10.7 MHz crystal allows 


110 baud. Even or odd parity (if desired) cart be included 
with simple bit-handling 
software routines. Inter-processor 
communications 
in distributed 
systems takes place at 187 


kilobaud 
with 
hardware 
for 
automatic 
address/data 
message recognition. 
Simple TTL or CMOS shift registers 


provide low-cost 
I/O expansion 
at a super-fast 
I' Mega- 
baud. The serial port operating 
modes are controlled 
by 


the contents of register SCON (Figure 9). 


Interrupt Capability and Control 


(Interrupt 
capability 
is generally 
considered 
a 
CPU 


function. 
It is being introduced 
here since. from an appli- 
cations 
point 
of view. interrupts 
relate 
mOTC closely 
to 


peripheral 
and system interfacing.) 


AFN·01502A·13 


2-11 


• 


infel· 
AP-69 


(MSB) 
(lSB) 
MO 
o 


Operating 
Mode 


MCS-48 
Timer. "TLx" 
serves as five- 
bit prescaler 


M1 
o 
MO IGATE I err 
Ml I 
MO I 


TIMER 
1 
'~ 


TIMER 
0 
o 
16-bit timer counter 
"THx" 
and "TLx" 


arc cascaded 
there is no prescaler. 


o 
8-bit auto-reload 
timer counter 
"THx" 


hold, 
a value which 
IS to be reloaded 
into "T"l. x.. each lime it overflows. 
GATE 
Gating control. 
When set. Timer/counter 


"x' is enabled 
only while "INTx" 
pin is 


high and "Tkx' control 
bit is set. When 
cleared. 
timer 
counter 
is enabled 
whenever 
"TRx" 
control 
bit is set. 


(Timer 
0) 
TLO is an eight-bit 
timer 


counter 
controlled 
by the 


standard 
Timer 0 control 
bits. 
THO is an eight-bit 
timer 


only controlled 
by Timer 
I 
control 
bits. 


C/T 
Timer or Counter 
Selector. 
Cleared 
for 
Timer operation 
(input 
from internal 
system clock). Set for Counter 
opera- 
tion (input 
from "Tx' 
input pin). 


(Timer 
I) 
Timer/counter 
I stopped. 


Figure 7, TMOD- 
Timer/Counter 
Mode Register 


(MSB) 
(LSB) 
I 
TF1 I TR1 
TFO 
TRO 
IEl 
In 
IEO I 
ITO 


Symbol 
Position 


IEI 
TCON.3 
Name and Significance 


Interrupt 
I Edge flag. Set by hardware 


when external 
interrupt 
edge detected. 


Cleared 
when interrupt 
processed. 


Symbol 
Position 
Name and Significance 


TF I 
TCO N.7 
Timer 
I overflow Flag. Set by hardware 


on timer counter 
overflow. 
Cleared 
when interrupt 
processed. 


TRI 
ITI 
TCON.2 
Interrupt 
I Type control 
bit. Set cleared 


TCON.6 
Timer 
I Run control 
bit. Set cleared 
b) software 
to specify falling edge 
low 


by software 
to turn timer/counter 
level triggered 
external 
interrupts. 


on/off. 


IEl! 
TCON.I 
Interrupt 
0 Edge flag. Set by hardware 


TCON.5 
Timer 0 overflow Flag. Set by hardware 
when external 
interrupt 
edge detected. 


on timer counter 
overflow. Cleared 
Cleared 
when interrupt 
processed 
when interrupt 
processed. 


ITO 
TCON.O 
Interrupt 
0 Type control 
bit. Set cleared 


TCON.4 
Timer 0 Run control 
bit. Set/cleared 
by 
by software 
to specify falling edge 
low 
software 
to turn timer/counter 
on/off. 
level .riggered 
external 
interrupts. 


TFO 


TRO 


Figure 8. TCON-Timer/Counter 
Control/Status 
Register 
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Symbol 
Poslllon 
Name 
and 
Significance 
Symbol 
Position 
Name 
and 
Significance 


SMO 
SCON.7 
Serial port M ode control 
bit O. 
RB8 
SCON.2 
Receive Bit 8. Set/cleared 
by hardware 
Set/cleared 
by software 
(see note). 
to indicate 
state of ninth data 
bit 


received. 


SMI 
SCON.6 
Serial port Mode control 
bit I. 


Set/cleared 
by software 
(see note). 
TI 
SCON.I 
Transmit 
Interrupt 
flag. Set by hard- 


ware when byte transmitted. 
Cleared 
SM2 
SCON.5 
Serial port 
Mode control 
bit 2. Set by 
by software 
after servicing. 


software 
to disable 
reception 
of frames 
for which bit 8 is zero. 
RI 
SCON.O 
Received 
Interrupt 
flag. Set by hard- 
ware when byte received 
Cleared 
by 


REN 
SCON.4 
Receiver 
Enable control 
bit. Set cleared 
software 
after servicing. 


by software 
to enable/disable 
senal 
data reception. 
Note- 
the state of (SMO.SM I) selects: 


CO.O)-Shift 
register 
1,0 expansion. 


TB8 
SCON.3 
Transmit 
Bit 8. Set/cleared 
by hard- 
(0.1)-8 bit UART. variable data rate. 


ware to determine 
state of ninth data 
(1.0)-9 bit UART. fixed data rate. 
bit transmitted 
in 9-bit UART 
mode. 
(1.1)-9 bit UART. variable data rate. 


Figure 
9. SCON-Serlal 
Port 
Control/Status 
Register 


These 
peripheral 
functions 
allow 
special 
hardware 
to 
monitor 
real-time 
signal interfacing 
without 
bothering 
the CPU. For example. imagine serial data is arriving from 
one CRT 
while being transmitted 
to another, 
and one 
timer/counter 
is tallying 
high-speed 
input 
transitions 
while the other measures 
input pulse widths. During all 


of this the CPU is thinking about something else. 


But how does the CPU know when a reception, transmis- 
sion, count. 
or pulse is finished? The 8051 programmer 
can choose from three approaches. 


TCON and SCON contain status bits set by the hardware 
when a timer overflows or a serial port operation 
is com- 
pleted. The first technique 
reads the control 
register into 
the accumulator, 
tests the appropriate 
bit. and does a 


conditional 
branch 
based on the result. 
This "polling" 
scheme 
(typically 
a three-instruction 
sequence 
though 


additional 
instructions 
to save and 
restore 
the 
accu- 
mulator 
may 
sometimes 
be 
needed) 
will 
surely 
be 
familiar 
to programmers 
used to multi-chip 
microcom- 
puter 
systems 
and 
peripheral 
controller 
chips. 
This 


process is rather cumbersome. 
especially when monitoring 
multiple peripherals. 


As a second approach, 
the 8051 can perform a conditional 
branch 
based on the state of any control 
or status bit or 
input 
pin 
in a single 
instruction; 
a four 
instruction 
sequence 
could 
poll the four 
simultaneous 
happenings 


mentioned above in just eight microseconds. 


Unfortunately, 
the CPU must still drop what it's doing 


to test these bits. A manager 
cannot 
do his own work 


well if he is continuously 
monitoring 
his subordinates; 


they should interrupt 
him (or her) only when they need 


attention 
or guidance. 
So it is with machines: ideally, the 


CPU would not have to worry about the peripherals 
until 
they require servicing. At that time. it would postpone the 


background 
task long enough to handle the appropriate 


device, then return to the point where it left off. 


This is the basis of the third and generally optimal solu- 
tion, 
hardware 
interrupts. 
The 8051 has five interrupt 
sources: one from the serial port when a transmission 
or 
reception 
is complete, 
two from the timers when over- 


flows occur, and two from input pins INTO and INT!. 
Each source 
may be independently 
enabled 
or disabled 
to allow polling on some sources or at some times, and 
each may be classified as high or low priority. 
A high 
priority 
source 
can 
interrupt 
a 
low 
priority 
'service 
routine; 
the 
manager's 
boss can 
interrupt 
conferences 


with subordinates. 
These options are selected by the inter- 
rupt 
enable 
and 
priority 
control 
registers, 
lE and 
IP 
(Figures 
10 and 11). 


Each source 
has a particular 
program 
memory 
address 


associated 
with it (Table 3). starting 
at 0OO3H (as in the 
8048) and continuing 
at .eight-byte 
intervals. 
When an 
event enabled for interrupts occurs the CPU automatically 
executes an internal subroutine 
call to the corresponding 
address. ·A user subroutine 
starting 
at this location 
(or 


jumped 
to from this location) 
then performs 
the instruc- 


tions to service that particular 
source. After completing 
the interrupt 
service 
routine, 
execution 
returns 
to the 
background 
program. 


Table 
3. 8051 Interrupt 
Sources 
and 
Service 
Vectors 


Interrupt 
Service 
Routine 


Source 
Starting 
Address 


(Reset) 
OOOOH 
External 
0 
0003H 
Ti mer Counter 
0 
OOOBH 
External 
I 
OOI3H 
Timer, Counter 
J 
OOIBH 


Serial Port 
0023H 
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(1158) 


ES 
ET1 
EXl I ETO I EXO I 


(LSB) 


Symbol 
Position 


EA 
IE.7 


IE.6 
IE.5 


ES 
IE.4 


ETI 
IE.3 


Name and Significance 


Enable 
All control 
bit. Cleared 
by 
software 
to disable all interrupts. 


independent 
of the state of IE.4-IE.0. 


Symbol 
Position 


EXI 
IE.2 
Name and Signillcance 


Enable 
External 
interrupt 
I control 
bit. 


Set 'cleared 
by software 
to enable 
disable 
interrupts 
from INTI. 


(reserved) 
(reserved) 
IE.I 
Enable Timer 0 control 
bit. Set cleared 
by software 
to enable 
disable 
interrupts 
from timer 
counter 
0 


ETO 


Ena ble Serial port control 
bit. 


Set/cleared 
by software 
to enable 
disable 
interrupts 
from TI or RI flags. 
IE.O 
Enable 
External 
interrupt 
0 control 
bit. 


Set 'cleared 
by software 
to enable 
disable 
interrupts 
from iNTO. 


EXO 


Enable Timer 
I control 
bit. Set/cleared 
by software 
to enable/disable 
interrupts 
from timer/counter 
I. 


Figure 10. lE-Interrupt 
Enable Register 


(MSB) 


PS 
PT1 
PXl 
PTO I 
PXO I 
I - I 


(LSB) 


Symbol 
Position 


·IP.7 
IP.6 
IP.5 


PS 


PTI 


Name and Signillcance 
(reserved) 
(reserved) 
(reserved) 


Symbol 
Position 


PXI 
IP.2 
Name and Significance 
External 
interrupt 
I Priority 
control 
bit. Set cleared 
by software 
to specify 
high 
low priorityinterrupts 
for INTI. 


IP.4 
Serial 
port 
Priority 
control 
bit. 
Set/cleared 
by software 
to specify 
high/low 
priority 
interrupts 
for Serial 
port. 


IP.I 
Timer 
0 Priority 
control 
bit. 


Set cleared 
by software 
to specify 
high 
low priority 
interrupts 
for 
timer 
counter 
O. 


PTO 


IP.3 
Timer 
I Priority 
control 
bit. 


Set/cleared 
by software 
to specify 
high/low 
priority 
interrupts 
for 
timer/counter 
J. 


PXO 
IP.O 
External 
interrupt 
0 Priority 
control 
bit. Set 
cleared 
by software 
to specify 
high 
low priority 
interrupts 
for INTO. 


Figure 11. lP-Interrupt 
Priority Control Register 
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Table 4. MCS-51'" 
Instruction 
Set Description 


ARITHMHIC 
OPt:RATIONS 
DATA 
TRANSFER 
Iconl.) 


~ntmoni(' 
DHcription 
Bytt 
Cyc 
Mnemonic 
DHc::riplion 
By., eye 
"DD 
A.Rn 
Add 
register to Accumulator 
I 
I 
MOVC 
A.@A+OPTR 
Move 
Code 
bvte 
relative 
to 
DPTR 
to A 
I 
2 
ADD 
Adrrect 
Add 
direct 
h\1C to Accumulator 
2 
I 
MOVC 
A.@A+PC 
MO\l: 
Code 
bvte 
relative 
10 PC 
10 A 
I 
2 
ADD 
A.@RI 
Add indi~cl'RAM 
10 Accumulator 
I 
I 
MOVX 
A.@R, 
Move 
[)ttcrmil 
RAM 
IK-bll 
addr) 
10 A 
I 
2 


ADD 
A.-data 
Add 
immediate 
data 
10 Accumulator 
2 
I 
MOVX 
A.@OPTR 
Move External RAM (1ft-hit 
addr) 
10 A 
I 
2 


ADDC 
A.Rn 
Add register 10 Accumulator 
with Carry 
I 
I 
MOVX 
@Ri.A 
Move A 10 External RAM (I~-hiladdr) 
I 
2 


ADIK 
A.direct 
Add 
direct 
byte 
to A wtth 
Carry Ilag 
2 
I 
MOVX 
@DPTR.A 
Move 
A to 
External 
RAM 
(Ib-hit 
addr) 
I 
2 
ADIK 
A.@Ri 
Add 
indirect 
RAM 
to 
A with 
Carry 
nag 
I 
I 
PUSH 
direct 
Push direct h\IC onto 
!rolack 
2 
2 


~DDC 
A.Jtdata 
Add 
Immediate 
data 
10 A with 
Carry nag 
2 
I 
POP 
direct 
Pop direct by·tefrom stack 
2 
, 


SI8R 
A.Rn 
Subtract 
regrvter from A with Borro •• 
I 
I 
XCH 
A.Rn 
Exchange register with Accumulator 
I 
I 
SllBR 
A.dlrect 
Subtract direct bvte 
from A with 
Borrow 
2 
I 
XCH 
Adirect 
Exchange direct byte wuh Accumulator 
, 
I 
SURD 
A.@Ri 
Subtract 
mdirect·RAM 
from A w Borrow 
I 
I 
XCH 
A.@Ri 
Exchange indirect RAM with A 
I 
I 


SUBS 
A._delta 
Subtract 
immed. delta from A w Borro w 
2 
I 
XCHD 
A.@Ri 
Exchange low-order 
Di~it ind. RAM w A 
I 
I 


I~C 
A 
Increment Accumulator 
I 
I 


"C 
Rn 
Increment register 
I 
I 
BOOI.t:AN 
VARIABI.I: 
MANIPl"I.ATlON 
1'\;(' 
direct 
Increment 
direct 
hvte 
, 
I 


I~C 
@R, 
Increment 
indirect 
RAM 
I 
I 
Mntmonic 
DH<"riplion 
Bytt C" 


DEC 
A 
Decrement 
Accumulator 
I 
I 
CI.R 
C 
Clear Carr~ nag 
I 
i 


IlFC 
Rn 
Decrement 
register 
I 
I 
CI.R 
htt 
Clear direct 
bit 
2 
I 


IlFC 
direct 
Decrement 
direct 
bvte 
2 
I 
SfTR 
C 
Set Carr~ flag 
I 
I 


IlFC 
@Ri 
Decrement mdirect·RAM 
I 
I 
SErB 
hit 
Set direct Bit 
2 
I 


I'\"(' 
I>PTR 
Increment 
Data Pointer 
I 
2 
CPI 
C 
Complement 
Carr~ nail 
I 
I 
'villi 
AB 
Multipl~ A & R 
I 
4 
CPI. 
bit 
Complement 
direct hit 
2 
I 
DIV 
AB 
Divide 
A b\ 
8 
I 
4 
A~I. 
Cbit 
A:"D 
drrect 
hit to Carr~ nag 
2 
2 


IlA 
A 
Decimal 
Adju!>tAccumulator 
I 
I 
A~I. 
C 
bit 
A:-.IDcomplement 
of direct hit to Carr~ 
2 
2 


ORI. 
Chil 
OR direct 
hit 10 Carry nag 
, 
2 


I.O(;I("AI. 
OPERATIONS 
ORI. 
C 
bit 
OR 
complement 
of direct hit tu Carr~ 
) 
2 


MOV 
Chil 
Move direct hit tu Carry nag 
2 
I 
Mntmonic 
DHtination 
Bytt 
()c' 
MOV 
bit.C 
Move 
Carry nag to direct 
bit 
2 
2 


A'\"1. 
A.Rn 
A"·D register to Accumulator 
I 
I 
A~I 
A.direct 
A:o\D direct 
bvte to Accumulator 
2 
I 
PRO(;RAM 
AND 
MACHINI: 
CONTROL 


A'\"1. 
A.@Ri 
A:"'D indirect 
RAM to Accumulator 
I 
I 


AS!. 
A.• data 
A:"ID immediate data tu Accumulator 
2 
I 
Mnemonfc 
Description 
Bylt 
("~c 
A\,'L 
drrect.A 
A~ I> Accumulator 
10 direct hvte 
2 
I 
ACAI.I. 
addrtl 
Absolute 
Subroutine 
Call 
2 
2 
A'\;I 
drrect.edata 
A"D immediate data to direct" bvre 
-' 
2 
I.cAII. 
addrlf 
Lung Subroutine 
Call 
-' 
, 


ORI 
A.Rn 
OR regrster 
10 Accumulator 
I 
I 
REI 
Return from subroutine 
I 
2 
ORI 
Adrrect 
OR direct 
hvte 
10 Accumulator 
2 
I 
REil 
Return from interrupt 
I 
2 


ORI. 
A.@Ri 
OR indlrect'RAM 
to Accumulator 
I 
I 
A.lMP 
addrll 
Ah••olute 
Jump 
2 
2 


ORL 
A,#data 
OR immediate data to Accumulator 
2 
I 
UMP 
addrte 
Long 
Jump 
-' 
2 


ORI 
direct.A 
OR 
Accumulator 
to direct bvte 
2 
I 
S.lMI) 
re! 
Short Jump (relative addr) 
2 
2 
ORI. 
direct.adata 
OR immediate data to direct bvte 
.1 
2 
.IMP 
(CVA+llPTR 
Jump indirect 
relative 
ro the DPTR 
I 
, 


XRI 
A.Rn 
Exclusive-OR 
register 
10 Accumulator 
I 
I 
JZ 
"I 
Jump if Accumulator 
is Zero 
2 
2 


XRI 
Adrrect 
Exclusive-Og 
direct 
hvte to Accumulator 
2 
I 
J:"Z 
rei 
Jump If Accumulator 
IS "ut Zero 
2 
2 


XRI 
A.@Ri 
FxcluSl\e~OR tndirect·RAM 
to A 
I 
I 
JC 
rei 
Jump if Carry na~ 
IS ~t 
2 
2 
XRI. 
A."data 
Exctusive-Ok 
Immediate data to A 
2 
I 
J~C 
rei 
Jump If So Carry 
flag 
2 
2 
XRI. 
direct.A 
Exclusive-Og 
Accumulator 
to direct bvte 
2 
I 
.lR 
bit.rel 
Jump if direct Bit set 
-' 
2 


XRI 
direct.edata 
Exclusive-Ox 
immediate data to direct 
.1 
, 
.1:\8 
hit.rcl 
Jump if direct Bit Sot set 
-' 
2 


CIR 
A 
Clear Accumulator 
I 
I 
.I RC 
hit.rel 
Jump if direct Bit is set & Clear hil 
-' 
2 


CPI 
A 
Complement 
Accumulator 
I 
I 
CJ~E 
Adrrect.rel 
Compare direct to A & Jump If \iot Equal 
-' 
2 


RI 
A 
Rotate Accumulator 
l.eft 
I 
I 
CJ~E 
A."data.rel 
Comp. immed. 
10 A & Jump if 'Jot Equal 
.1 
2 


RI C 
A 
Rotate A Left through the Carry nag 
I 
I 
CJ~E 
Rn.edata.ret 
Comp. 
immed. 
to reg. & Jump If 'Jot Equal 
.1 
2 


RR 
A 
Rotate Accumulator 
Right 
I 
I 
CJ~E 
@RI.#data,rel 
Comp. 
irnmed. 
to md. 
&t Jump if SOl Equal 
.1 
2 


RRC 
A 
Rotate A Right through Carry flag 
I 
I 
D.lSZ 
Rn.rel 
Decrement 
register & Jump if "lot Zero 
2 
, 


SWAP 
A 
Swap nibbles within the Accumulator 
I 
I 
D.I'\"Z 
dtrecr.rcl 
Decrement 
direct 
& Jump If '\;01 Zero 
.1 
, 


'\"01' 
:"0 operation 
I 
I 


DATA TRA~SF.:R 
Sor~ 
on data addrroo"inl modes: 


\1n~monic 
Dnc:ription 
Bylt 
C)'c 
Rn 
Working rcgi••ter RO-R7 


MO\ 
A.Rn 
MO\e regi••ter to Accumulator 
I 
I 
direct 
12H internal 
RAM locauon 
••. an~ I () port. control or ••tarus 
regi ••tcr 


MOV 
Adirect 
Move 
direct 
bvre 
to Accumulator 
2 
I 
(O)KI 
Indirect internal RAM location addressed 
h~ rcgutcr 
KO or RI 


MOV 
A.(@Ri 
Move 
indirect 
RAM tu Accumulator 
I 
I 
#data 
x-hit 
con -,rant 
included in In••rrucuon 


MOV 
Awdate 
MO\e immediate data 10 Accumulator 
2 
I 
#datal~ 
I~-hil con ••tanr included a!>bvte••2 & :\ llf instrucuon 
vov 
Rn.A 
Move Accumulator 
10 reg•••ter 
I 
I 
hit 
12X ••nft ••arc nail!>.an~ I 0 
pm. 
conrrot 
or vtatuv 
hit 


1\.10V 
Rn.direct 
Move 
direct 
byre 
10 register 
2 
2 
\.10V 
Rn.edata 
MO\e Immediate data to reg•••rer 
2 
I 
Solt ••on proltram addrH\inl 
mod": 


MO\' 
direct.A 
Move Accumulator 
10 direct byte 
2 
I 
addr 
lf 
Dcvnnauon 
addrev 
for ITAI.I. 
& 1..lMP 
muv 
he am ••hen' 
wutun 


MOV 
direct.Rn 
MOH register 
to direct 
byte 
2 
2 
the M-Kilohytl' 
program 
memory 
addrc 
••~ vpacc. 
. 


\t10V 
direct.direct 
Move 
direct 
bvte to direct 
.1 
2 
addrll 
Dcvnnarion 
add re'!> for 
AeAI 
I 
& A.I\otP ~ill he wuhm 
the , ••me 


MOV 
direCl.@:>Ri 
Move indir~cl·RAM 
tu direct bvte 
2 
2 
2·Kdtlh~tl' page of program 
memory a, the fir"l hvre 01' Ihl' fullowing 


MOV 
dircct.edara 
Mme immediate data 
10 direct ~\te 
-' 
2 
mvtrucuon 
MO\' 
(iilRI.A 
Move Accumulator 
to mdrrect RAM 
I 
I 
rei 
SI\.1I~ •.•nd all conduional 
jump- 
include an M-hll urr"ct bvte. 
R •.•ngc i•• 


MOV 
(ii1RI.dlrect 
Move direct bvre to indirect RAM 
2 
2 
+ 127 
- 12X h~te •• relanve 
to firvt h~le of the fotlowmg 
in••trucuon 
M()V 
(wRi.#dala 
Move Immediate data to indirect 
RAM 
2 
I 


MOV 
DPrR.#datat~ 
I.oad Data 
Pointer 
with a I~-hit constant 
-' 
2 
All mnemonics 
copvrightcd 
© Intel Corporation 
IQ79 


3. INSTRUCTION 
SET AND ADDRESSING 
MODES 
group. 
this 
chapter 
starts 
with 
the 
addressing 
mode 
classes and builds to include the related instructions. 
The 8051 instruction 
set is extremely 
regular. in the sense 
that 
most instructions 
can operate 
with variables 
from 


several different physical or logical address spaces. Before 
getting deeply enmeshed 
in the instruction 
set proper. it 
is important 
to 
understand 
the 
details 
of 
the 
most 


common 
data addressing 
modes. 
Whereas Table 4 sum- 
marizes the instructions 
set broken 
down 
by functional 


Data Addressing 
Modes 


MCS-51 
assembly 
language 
instructions 
consist 
of an 
operation 
mnemonic and zero to three operands separated 


by commas. 
In two operand 
instructions 
the destination 


is specified first. then the source. 
Many byte-wide 
data 
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operations 
(such as ADD 
or MOY) inherently 
use the 
accumulator 
as a source operand 
and/or 
to receive the 


result. For the sake of clarity the letter ~A" is specified in 
the source 
or destination 
field in all such instructions. 


For example, the instruction, 


ADD 
Ax sourcec- 


will add the variable-csourcee-to 
the accumulator, 
leaving 


the sum in the accumulator. 


The operand 
designated 
"<source>" 
above may use any 


of four common 
logical addressing 
modes: 


• 
Register-one 
of the working 
registers in the cur- 


rently enabled bank. 


• 
Direct-an 
internal 
RAM 
location, 
I/O 
port, 
or 


special-function 
register. 


• 
Register-indirect-an 
internal 
RA M 
location, 


pointed to by a working register. 


• 
Immediate data-an 
eight-bit constant 
incorporated 
into the instruction. 


The first three modes provide access to the internal RA M 
and Hardware 
Register address spaces, and may therefore 


be used as source ordestination 
operands; 
the last mode 


accesses program 
memory and may be a source operand 


only. 


(It is hard to show a "typical application" 
of any instruc- 
tion without involving instructions 
not yet described. The 


following descriptions 
use only the self-explanatory 
ADD 
and 
MOY 
instructions 
to demonstrate 
how 
the 
four 
addressing 
modes 
are 
specified 
and 
used. 
Subsequent 
examples 
will become increasingly complex.) 


Register Addressing 


The 8051 programmer 
has access to eight "working 
regis- 


ters," numbered 
RO-R7. The least-significant 
three-bits of 
the instruction 
opcode 
indicate 
one register within this 


logical address space. Thus, a function code and operand 
address 
can 
be combined 
to form 
a short 
(one byte) 
instruction 
(Figure 
12.a). 


The 8051 assembly language indicates register addressing 
with the symbol 
Rn (where n is from 0 to 7) or with a 
symbolic 
name 
previously 
defined 
as a register 
by the 


EQUate 
or SET directives. 
(For 
more information 
on 
assembler 
directives see the Macro Assembler 
Reference 
Manual.) 


Example 
I -Adding 
Two Registers 
Together 


,REC 
••••OR 
••••00 
CONTENTS 
OF 
REQiSTER 
1 


TO 
CONTENTS 
OF 
RECISTER 
0 


RECAOR 
'"'CV 
A. 
RO 


ADD 
A. 
RI 
I'KlV 
RC. 
A 


There are four such banks of working registers, only one 
of which is active at a time. Physically, they occupy the 
first 32 bytes of on-chip data 
RAM (addresses 
0-1 FH). 


PSW 
bits 4 and 
3 determine 
which bank 
is active. 
A 


hardware 
reset 
enables 
register 
bank 
0; to 
select 
a 


different 
bank the programmer 
modifies PSW bits 4 and 
3 accordingly. 


Example 
2 - Selecting 
Alternate 
Memory 
Banks 


"QV 
psw. _000100008 
,SELECT 
8ANt\, :2 


Register addressing 
in the 8051 is the same as in the 8048 
family, 
with 
two enhancements: 
there 
are 
four 
banks 


rather than one or two, and 16 instructions 
(rather 
than 
12) can access them. 


Direct Byte Addressing 


Direct 
addressing 
can 
access 
any 
on-chip 
variable 
or 
hardware 
register. An additional 
byte appended 
to the 
opcode specifies the location to be used (Figure 
12.b). 


Depending 
on the highest order bit of the direct address 


byte, 
one of two 
physical 
memory 
spaces 
is selected. 


When the direct address is between 0 and 127(OOH-7FH) 
one of the 128 low-order 
on-chip RAM locations is used. 


(Future 
microcomputers 
based on the MCS-51'· 
archi- 
tecture 
may incorporate 
more than 
128 bytes of on-chip 
RAM. 
Even if this is the case, only the low-order 
128 


bytes will be directly addressable. 
The remainder 
would, 


be accessed indirectly or via the stack pointer.) 


Example 
3 -Adding 
RAM 
Location 
Contents 


.DJR,,[)R 
ADD 
CONTENTS 
OF 
AA" 
LOCATION 
41H 


TO 
CONTENTS 
OF 
AAI'! 
LOCATION 
.• OH 


OIRAOR 
I"IOV 
A."OH 
ADD 
A.4IH 
I"IOV 
.OH. 
A 


All I/O 
ports 
and 
special 
function, 
control. 
or status 
registers 
are 
assigned 
addresses 
between 
128 and 
255 


(80H-OFFH). 
When the direct address 
byte is between 


these 
limits 
the 
corresponding 
hardware 
register 
is 


accessed. 
For example, 
Ports 0 and I are assigned direct 


addresses 
80H and 90H, respectively. 
A complete 
list is 


presented 
in Table 5. Don't 
waste your time trying to 


memorize the addresses in Table 5. Since programs 
using 


absolute addresses for function registers would be difficult 
to write or understand, 
ASM51 allows and understands 


the abbreviations 
listed instead. 


Example 
4 -Adding 
Input 
Port Data to Output 
Port 
Data 


; PIHADR 
ADD 
DATA 
INPUT 
ON 
PORT 
I 


TO 
DATA 
PREVIOUSLV 
OUTPUT 
ON 
PORT 
0 


PRTA[)R 
I'1OV 
A. 
PO 


ADD 
A. PI 


f'1OV 
PO. 
A 


Direct addressing 
allows all special-function 
registers in 
the 
8051 to 
be read, 
written, 
or 
used 
as instruction 
operands. 
In general, 
this is the onlv method 
used for 


accessing I/O ports and special-function 
registers. If direct 


addressing 
is used with special-function 
register addresses 
other 
than 
those 
listed, the result of the instruction 
is 


undefined. 
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The 8048 does not have or need any generalized 
direct 
addressing 
mode. since there are only five special registers 


(BUS. PI. P2. PSW. & T) rather than twenty. Instead. 
16 


special 8048 opcodes control output 
bits or read or write 
each register to the accumulator. 
These functions 
are all 


subsumed 
by four of the 27 direct addressing 
instructions 
of the 8051. 


Table 5. 8051 Hardware Register Direct Addresses 


Register 
Address 
Function 


PO 
MOH' 
Port 0 
SI' 
HIH 
Stack 
Pointer 
J)PI. 
H2H 
Data 
Pointer 
(Low) 
DI'H 
H3H 
Data 
Pointer 
(High) 
TCO~ 
HHH' 
Timer 
register 


TMOJ) 
H9H 
Timer Mode register 


'1'1.0 
HAH 
Timer 0 Low byte 
11.1 
HBH 
Timer 
I Low byte 
THO 
KCH 
Ti mer 0 High byte 


rHI 
KDH 
Timer 
I High byte 
1'1 
9OH' 
Port 
I 
SCO~ 
9HH' 
Serial Port Control 
register 
SHlJF 
99H 
Serial 
Port data 
Buffer 
P2 
OAOH' 
Port 2 
lE 
OAHH' 
Interrupt 
Enable 
register 
1'3 
OBOH' 
Port 3 
II' 
OBHH' 
I nterrupt 
Priority 
register 
I'SW 
ODOH' 
Program 
Status 
Word 


ACC 
OEOH' 
Accumulator 
(direct address) 


H 
OFOH' 
B register 


Register-Indirect 
Addressing 


How can you handle variables whose locations in RAM 
are determined. 
computed. 
or modified while the program 
js 
running" 
This 
situation 
arises 
when 
manipulating 
sequential memory locations. indexed entries within tables 
in RAM. 
and 
multiple 
precision 
or string 
operations. 


Register or Direct addressing 
cannot 
be used. since their 
operand addresses are fixed at assembly time. 


The X051 solution is "register-indirect 
RAM addressing." 


RO and R I of each register bank may operate 
as index 


or pointer 
registers. their contents 
indicating 
an address 
into RAM. The internal 
RAM 
location 
so addressed 
is 


the actual operand 
used. The least significant 
bit of the 
instruction 
opcode 
determines 
which register is used as 
the "pointer" (Figure 
12.c). 


In the X051assembly language. register-indirect addressing 
is represented 
by a commercial 
"at" sign ("@") preceding 
RO. R I. or a symbol defined by the user to be equal to 
RO or RI. 


Example 
5 -Indirect 
Addressing 


. INO ••••DR 
ACO 
CONTENTS 
OF 
MEMORV 
LOCAl 
ION 
ADDRESSED 
DV 
REGISTER 
1 


TO 
CONTENTS 
OF 
RAM 
LOCATiON 
ADDRESSED 
DV 
REGISTER 
0 


Indirect 
addressing 
on the 8051 .is the same as in the 
8048 family. except that all eight bits of the pointer register 
contents 
are significant; 
if the contents 
point to a non- 


existent 
memory 
location 
(i.e.. an address 
greater 
than 
7FH on the 8051) the result of the instruction 
tS undefined. 


(Future 
microcomputers 
based on the MCS-51'" 
archi- 


tecture 
could 
implement 
additional 
memory 
in 
the 
on-chip 
RAM 
logical address 
space at locations 
above 


7FH.) The 8051 uses register-indirect 
addressing 
for five 
new instructions 
plus the 13 on the 8048. 


lmmediste Addressing 


When a source operand 
is a constant 
rather than a vari- 
able (i.e.-the 
instruction 
uses a value known at assembly 


time). 
then the constant 
can 
be incorporated 
into the 


instruction. 
An additional 
instruction 
byte specifies the 
value used (Figure 
12.d). 


The value used is fixed at the time of ROM manufacture 
or EPROM 
programming 
and may not be altered during 


program 
execution. 
In the assembly language immediate 
operands 
are 
preceded 
by a number 
sign ("#"). The 
operand 
may 
be either 
a numeric 
string. 
a symbolic 
variable. or an arithmetic 
expression 
using constants. 


Example 
6-Adding 
Constants 
Using Immediate 
Addressing 


. IMMADR 
ADO 
THE 
CONSTANT 
12 
(DECIMAL) 


TO 
THE 
CONSTANT 
J" 
(DECIMAL) 


LEAve 
SUM 
IN 
ACCUf1ULATOR 


Ir11'1ADR 
I"IOV 
A. _12 
AOO 
A. _34 


The preceding 
example 
was included 
for consistency; 
it 
has little practical value. Instead. ASM51 could compute 
the sum of two constants 
at assembly time. 


Example 
7 -Adding 
Constants 
Using ASM51 
Capabilities 


• "'~SVl"l 
LOAD 
Ace 
~ I TH 
THE 
SVI"I 
OF 


THE 
CONSTANT 
12 
(OECH1ALl 
THE 
CONSTANT 
34 
(DECII1AL) 


ASI1SVI1 
I1DV 
A,.( 
12+34) 


ADD 
A,R 


b.) Direct Addressing: 


c.) Register-indirect 
Addressing: 
1::+c+::[J 


ADD 
A.@R 


d.) Immediate Addressing: 
I : : ;'..:0.0: 
: 
: 
11 
: 
: 
;.~..; 
: 
: 
1 


ADO 
A.' 


Figure 12. Data Addressing Machine Code Formats 
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Addressing 
Mode 
Combinations 


The above examples all demonstrated 
the use of the four 
data-addressing 
modes 
in 
two-operand 
instructions 
(MOV. 
ADD) 
which 
use 
the 
accumulator 
as 
one 
operand 
The operations 
ADDC. 
SUBR. ANL. ORL. 


and XRL (all to be discussed later) could be substituted 
for ADD in each example. 
The first three modes mav be 
also be used for the XCH operation 
or. in combination 
with the Immediate 
Addressing 
mode (and an additional 
byte). 
loaded 
with 
a 
constant. 
The 
one-operand 
instructions 
INC and DEC. 'oJNZ. 
and CJNE 
rnav all 


operate on the accumulator. 
or may specify the Register. 
Direct. 
and 
Register-indirect 
addressing 
modes. 
Exception. 
as 
in 
the 
8048. 
DJNZ 
cannot 
use 
the 
accumulator 
or indirect 
addressing. 
(The 
PUSH 
and 
POP 
operation> 
cannot 
inherently 
address 
the 


accumulator 
as a special 
register 
either. 
However. 
all 
three can directlv address the accumulator 
as one of the 
twenty special-function 
registers by putting 
the symbol 


"ACe in the operand field.) 


Advantages 
of Symbolic 
Addressing 


l.ike 
most 
assembly 
or 
higher-level 
programming 
languages. 
AS M5 I allows instructions 
or variables to be 
given appropriate. 
user-defined 
symbolic names. This is 
donc for instruction 
lines by putting a label followed bv a 


colon (":") before the instruction 
proper. as in the above 


examples 
Such symbols 
must start with an alphabetic 


character 
(remember 
"hat 
distinguished 
BACH 
from 
OBACH'!). and may include any combination 
of letters. 
nurnbcrv, question marks ('"") and underscores (";"). 
For 
,er~ long names only the first 3 I characters 
are relevant. 


Assembly language 
programs 
may intermix 
upper- and 
lower-case 
letters arbitrarily. 
but ASM51 converts 
both 
to 
upper-case. 
For 
example. 
ASM51 
will 
internallv 


process an ''1'' for an "i" and. of course. "A_TOOTH" 
for 


"a_tooth:' 


The underscore 
character 
makes symbols easier to read 


and can eliminate 
potential ambiguity 
(as in the label for 


a 
subroutine 
to 
switch 
two 
entires 
on 
a 
stack. 


"S_EXCHANG~"). 
The underscore 
is significant, 
and 


would distinguish 
between otherwise-identical 
character 
strings. 


ASM51 allows all variables (registers. 
ports. internal 
or 
cvrcrnal 
RAM addresses. 
constants. 
etc.) to be assigned 


label, according 
to these rules with the EQUate or SET 
directives. 


Example 
8 - Symbolic 
Addressing 
of Variables 
Defined as RAM 
Locations 


V •••.R 
0 
SET 
<lOM 


VAR:=1 
SET 
21H 


. SV/'10_1 
ADO 
CONTENTS 
OF 
VAR 
1 
TO 
CONTENT~ 
OF 
VAR.O 


A. VAR 
0 
A. VA"-I 
VAR_O:-A 


Notice from Table 4 that the MCS-51 ,. instruction 
set has 
relatively few instruction 
mnemonics 
(abbreviations) 
for 
the programmer 
to memorize. 
Different 
data 
types or 
addressing 
modes 
are 
determined 
by 
the 
operands 


specified. 
rather 
than variations 
on the mnemonic. 
For 


example. 
the mnemonic 
"MOV" 
is used by I8 different 
instructions 
to operate on three data types (bit, byte. and 
address). 
The fifteen versions which move byte variables 


between 
the logical address 
spaces are diagrammed 
in 
Figure 
13. Each arrow 
shows the direction 
of transfer 
from source to destination. 


Notice also that for most instructions 
allowing 
register 
addressing 
there 
is a corresponding 
direct 
addressing 


instruction 
and 
vice versa. 
Thrs lets the programmer 
begin writing 805 I programs 
a, if (s)he has access to 128 


different 
registers. When the program 
has evolved to the 


point where the programmer 
has a fairlv accurate 
idea 
how often each variable is used. he she may allocate the 
w,orking registers 
in each bank to the most "popular" 
variables. (The assembly cross-reference 
option will show 
exactly how often and where each symbol is referenced.) 
If symbolic 
addressing 
is used 
in writing 
the source 


program 
only the lines containing 
the symbol definition 
\\ ill need to be changed: 
the assembler 
will produce 
the 
appropriate 
instructions 
even 
though 
the 
rest of the 


program 
is left untouched. 
Editing only the first two lines 
of Example 
8 will shrink 
the six-byte 
code 
segment 
produced 
in half. 


How are 
instruction 
sets 
"counted"? 
There 
is 
no standard 
practice; 
different 
people 
assess- 
ing the same 
CPU using 
different 
conventions 
may arrive 
at different 
totals. 


Each operation 
is then broken 
down according 
to the 
different 
addressing 
modes 
(or com- 
binations 
of addressing 
modes) 
it can accom- 
modate. 
The "CLR" mnemonic 
is used 
by two 
instructions 
with respect 
to bit variables 
("CLR 
C" and 
"CLR 
bit") 
and 
once 
("CLR 
A") with 
regards 
to bytes. 
This expansion 
yields the 111 
separate 
instructions 
of Table 
4. 


The method 
used 
for the MCS-51® instruction 
set 
first 
breaks 
it down 
into 
"operations": 
a 
basic function 
applied 
to a single 
data type. 
For 
example. 
the four versions 
of the ADD instruc- 
tion 
are 
grouped 
to 
form 
one 
operation 
- 
addition 
of eight-bit 
variables. 
The six forms of 
the ANL instruction 
for byte variables 
make up 
a different 
operation: 
the 
two 
forms 
of ANL 
which 
operate 
on 
bits are 
considered 
stili 
another. 
The MOV mnemonic 
is used 
by three 
different 
operation 
classes. 
depending 
on 
whether 
bit. byte. or 16-bit values 
are affected 
. 


Using 
this 
terminOlogy 
the 8051 can 
perform 
51 'different 
operations. 
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Figure 13, Road map for moving data bytes 


Example 
9 - 
Redeclaring 
Example 
8 Symbols 
as 


Registers 


VAR_O 
set 
RO 
V •••R_' 
se r 
Rt 


,SVtiB_:2 
ADD 
CONTENTS 
OF 
VA~_l 
TO 
CONTENTS 
Of' 
VAR_O 


SVI'1B_~ 
MOll 
ADO 


"DV 


A. VAR 
0 


A. VAR-' 
VAR_O:-A 


Arithmetic Instruction Usage - 
ADD. ADDC. SUBB 


and DA 


The 
ADD 
instruction 
adds 
a 
byte 
variable 
with 
the 
accumulator, 
leaving 
the 
result 
in the accumulator. 
The 


carry 
nag 
is set 
if there 
is an 
overflow 
from 
bit 
7 and 


cleared 
otherwise. 
The 
AC 
flag 
is set 
to 
the 
carry-out 


from 
bit 3 for 
use by the 
DA 
instruction 
described 
later. 


ADDC 
adds 
the 
previous 
contents 
of the carry 
flag with 


the two 
byte variables, 
but otherwise 
is the sameas 
ADD. 


The 
SUBB 
(subtract 
with 
borrow) 
instruction 
subtracts 


the 
byte 
variable 
indicated 
and 
the contents 
of the carry 


flag 
together 
from 
the 
accumulator, 
and 
puts 
the 
result 


back 
in 
the 
accumulator. 
The 
carry 
flag 
serves 
as 
a 
"Borrow 
Required" 
flag 
during 
subtraction 
operations: 


when 
a greater 
value 
is subtracted 
from 
a lesser 
value 
(as 


in 
subtracting 
5 from 
I) 
requiring 
a borrow 
into 
the 


highest 
order 
bit. 
the 
carry 
flag 
is set: 
otherwise 
it is 
cleared. 


When 
performing 
signed 
binary 
arithmetic. 
certain 


combinations 
of 
input 
variables 
can 
produce 
results 
which 
seem 
to 
violate 
the 
Laws 
of 
Mathematics. 
For 


example. 
adding 
7FH 
(127) 
to 
itself 
produces 
a sum 
of 


OFEH. 
which 
is the 
two's 
complement 
representation 
of 


-2 (refer 
back 
to Table 
2)! In "normal" 
arithmetic. 
two 


positive 
values 
can't 
have 
a negative 
sum. 
Similarly. 
it js 
normally 
impossible 
to subtract 
a positive 
value 
from 
a 


negative 
value 
and 
leave 
a positive 
result 
- 
but 
in two's 


complement 
there 
are 
instances 
where 
this 
too 
may 


happen. 
Fundamentally. 
such 
anomolies 
occur 
when 
the 
magnitude 
of the 
resulting 
value 
is too 
great 
to "fit" 
into 


the 
seven 
bits 
allowed 
for 
it: there 
is no 
one-byte 
two's 


complement 
representation 
Cor 254. the 
true 
sum 
of 
127 
and 
127. 


The 
MCS-SI 
,. processors 
detect 
whether 
these 
situations 


oecur 
and 
indicate 
such 
errors 
with the OV flag. (OV may 
be tested 
with 
the conditional 
jump 
instructions 
JB and 
JNB. 
described 
under 
the 
Boolean 
Processor 
chapter.) 


At a hardware 
level. 
OV is set if there 
is a carry 
out of bit 6 


but 
not 
out 
of bit 7. or a carry 
out 
of bit 7 but not 
out 
of 


bit 
6. 
When 
adding 
signed 
integers 
this 
indicates 
a 
negative 
number 
produced 
as the 
sum 
of two 
positive 


operands. 
or a positive 
sum 
from 
two 
negative 
operands: 
on SUBB 
this 
indicates 
a negative 
result 
after 
subtracting 


a negative 
number 
from 
a positive 
number. 
or a positive 
result 
when 
a 
positive 
number 
is 
subtracted 
from 
a 


negative 
number. 


The 
ADDC 
and 
SUBB 
instructions 
incorporate 
the 


previous 
state 
of the carry 
(borrow) 
flag to allow 
multiple 


precision 
calculations 
by 
repeating 
the 
operation 
with 


successively 
higher-order 
operand 
bytes. 
In either 
case. 


the 
carry 
must 
be cleared 
before 
the 
first 
iteration. 


If the 
input 
data 
for a multiple 
precision 
operation 
is an 


unsigned 
string 
of 
integers. 
upon 
completion 
the 
carry 


flag 
will 
be set if an overflow 
(for 
ADDC) 
or underflow 


(for 
SUBB) 
occurs. 
With 
two's 
complement 
signed 
data 
(i.e .. if the 
most 
significant 
bit of the 
original 
input 
data 


indicates 
the 
sign 
of the string). 
the 
overflow 
flag will be 


set 
if overflow 
or 
underflow 
occurred. 


Example 
ID-String 
Subtraction 
with 
Signed 
Overflow 


Detection 


.suaSTR 
SUBTRACT 
STRING 
INDICATED 
BY 
Rt 
FROM 
STRINQ 
INDICATED 
BY 
RC 
TO 


PRECISION 
INDICATED 
BY 
R2 


CHECK 
FOR 
SIQNED 
UNDERFLOW 
WHEN 
DONE 


SU8STR 
eLR 
suas r 
110Y 
sun 
"OV 
INC 


INC 
D..JNZ 


c 
,aORRQW_ 
0 


A.IRO 
.•.. IRl 
,SUBTRACT 
NEXT 
PLACE 
IRQ, 
A 


RD 
,BUMP 
POINTERS 


RI 
R;!. 
SUSSt 
,LOOP 
AS 
NEEOED 


IoiHEN 
DONE. 
TEST 
IF 
OVERFLOW 
OCCUREO 


ON 
LAST 
ITER 
AT ION 
OF 
LOOP 


ov 
OV 
01( 


- 
(OVERFLOW 
RECOVERY 
qOUTINEI 


RETURN 


Decimal 
addition 
is possible 
by using 
the 
DA instruction 


in conjunction 
with 
ADD 
and 
or ADDC. 
The 
eight-bit 


binary 
value 
in the accumulator 
resulting 
from 
an earlier 


addition 
of two variables 
(each 
a packed 
BCD 
digit-pair) 


is adjusted 
to form 
two 
BCD 
digits 
offour 
bits each. 
If the 
contents 
of accumulator 
bits 
3-0 are 
greater 
than 
nine 


(x x x x I0 IO-xxxx 
1111). 
or if the AC flag had 
been 
set. six 


is added 
to the accumulator 
producing 
the 
proper 
BCD 


digit 
in the 
low-order 
nibble. 
(This 
addition 
might 
itself 


set 
- 
but 
would 
not 
clear 
- 
the carry 
flag.) 
If the carry 


flag 
is set. 
or if the four 
high-order 
bits now 
exceed 
nine 


(10 IOxxxx-IIII 
xxxx), 
these 
bits are incremented 
by six. 


The 
carry 
flag 
is 
left 
set 
if originally 
set 
or 
if either 


addition 
of six produces 
a carry 
out 
of the highest-order 


bit. indicating 
the sum 
of the original 
two 
BCD 
variables 


is greater 
than 
or equal 
to decimal 
100. 
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Example 
11- Two Byte Decimal 
Add with Registers 


and Constants 


.seOADD 
ADD 
THE 
CONSTANT 
t.;!:J" 
(DEC 
1r.AL 
I 
TO 
THE 
CONTENTS 
OF 
RECISTER 
PAIR 
':11I3:><"2)- 


(ALREADY 
A 
•• 
lICD-DICIT 
VARIABLEI 


BCDADD 
r10Y 
'00 


D'eov 
eov 


'DDC 
D. 
""V 
'ET 


A. R2 


A •• 
34M. 
11I2. A 


A 
11I3 
A. 1t2H. 
R3. 
A 


Multiplication 
and Division 


The 
instruction 
"MUl 
AB" 
multiplies 
the 
unsigned 
eight-bit 
integer values held in the accumulator 
and B- 
registers. The low-order 
byte of the sixteen-bit 
product is 


left in the accumulator, 
the higher-order 
byte in B. If the 


high-order 
eight-bits 
of the 
product 
are 
all zero the 


overflow 
flag 
is 
cleared: 
otherwise 
it 
is 
set. 
The 
programmer 
can 
poll OY to determine 
when 
the 
B 
register is non-zero 
and must be processed. 


"DIY 
AB" divides the unsigned 
eight-bit 
integer in the 


accumulator 
by the unsigned 
eight-bit 
integer in the B- 
register. The integer part of the quotient 
is returned 
in the 


accumulator: 
the remainder 
in the B-register. 
If the B- 
register originally 
contained 
OOH then the overflow flag 
will be set to indicate 
a division 
error, 
and the values 


returned 
will be undefined. 
Otherwise 
OY is cleared. 


The divide instruction 
is also useful for purposes such as 
radix 
conversion 
or 
separating 
bit 
fields 
of 
the 


accumulator. 
A short subroutine 
can convert an eight-bit 
unsigned 
binary integer in the accumulator 
(between 0 & 
255) to a three-digit 
(two byte) BCD representation. 
The 


hundred's 
digit is returned 
in one register (H U 
D) and 


the ten's and one's digits returned 
as packed 
BCD in 
another 
(TENON E). 


Example 
12- 
Use of DIY Instruction 
for Radix 
Conversion 


; BJNBCO 
CONVERT 
a-BJT 
BINARY 
VARIABLE 
IN 
ACC 


TO 
3-DIClT 
PACt'.EO 
DeD 
FORMAT 
HUNDREDS' 
PLACE 
LEFT 
IN 
VARIABLE 
'HUNO', 


TENS' 
AND 
ONES' 
PLACES 
IN 
'rf-NONE' 


HUND 
EQU 
21101 


TENONE 
EQU 
22 •.• 


8INBCD 
f10V 


DIV 


MOV 


MOV 
KC" 
DIV 


8. _lOO 
A. 
HUND, 
••• 


lit•• 
IQ..... 


,DIVIDE 
BY 
100 
TO 
,DETERMINE 
NUMBER 
OF 
HUNDREOS 


• DIVIDE 
REMAINDER 
BV 
10 
TO 


,DETERMINE. 
OF 
TENS 
LEFT 
,TENS 
DIGIT 
IN 
Ace. 
REMAINDER 
IS 
ONES 
,OIGIT 


SWAP 
ADD 


MOV 
'ET . 
A. B 
• ""'CI( 
BeD 
DIGITS 
IN 
ACC 
TENQN£, 
A 


The divide instruction 
can also separate eight bits of data 
in the accumulator 
into sub-fields. 
For example, 
packed 
BCD data may be separated 
into two nibbles by dividing 
the data by 16. leaving the high-nibble in the accumulator 
and the low-order 
nibble (remainder) 
in B. The two digits 


may then be operated 
on individually 
or in conjunction 
with each other. This example receives two packed BCD 


digits in the accumulator 
and returns the product 
of the 


two 
individual 
digit> in packed 
BCD 
format 
in the 
accumulator. 


Example 
13-Implementing 
a BCD Multiply 
Using 
MPY and DIY 


,I'IlJLBCD 
UNPACK 
TI.IO 
BCD 
DIQITS 
RECEIVED 
IN 
ACC 


FIND 
THEIR 
PRODUCT 
AND 
RETURN 
PRODUCT 


IN 
PACKED 
BCD 
FORIV\T 
IN 
ACC 


I'tUl.BCD 
"Qv 


DIV 


· DIVIDE 
INPUT 
9Y 
Ib 


• A 
• 
9 
HOLD 
SEPAAATED 
DIOl1S 


• (EACH 
RIOHT 
.JUSTIFIED 
IN 
REGISTER) 


• A 
HOLDS 
PRODUCT 
IN 
BINARY 
FORMAT 
(0 
- 


.'i''i'CDECr''AL) 
•• 
0 
- 
63HI 


· DIVIDE 
PRODUCT 
9Y 
10 


· A 
HOLDS. 
OF 
TENS. 
B 
HOLDS 
REMAINDER 


9.UOH.. 
A. 


MOV 


DIV 


SWAP 
ORe 
RET 


B •• 
10... 
A •• 
• PACK 
DIQITS 


Logical Byte Operations - 
ANL, ORL, XRL 


The 
instructions 
ANL 
ORL 
and 
XRl 
perform 
the 


logical functions AND, OR, and for Exclusive-OR 
on the 
two byte variables 
indicated, 
leaving the results in the 


first. No flags are affected. (A word to the wise - 
do not 
vocalize the first two mnemonics 
in mixed company.) 


These operations 
may use all the same addressing 
modes 
as the arithmetics 
(ADD, etc.) but unlike the arithrnetics. 


they are not restricted 
to operating 
on the accumulator. 


Directly addressed 
bytes may be used as the destination 
with either the accumulator 
or a constant 
as the source. 


These instr.uctions are useful for clearing (ANl), 
setting 


(ORl), 
or complementing 
(XRl) 
one or more bits in a 
RAM, output 
ports. or control 
registers. The pattern 
of 


bits to be affected is indicated 
by a suitable 
mask byte. 
Use immediate addressing when the pattern to be affected 
is 
known 
at 
assembly 
time 
(Figure 
14): use 
the 
accumulator 
versions 
when the pattern 
is computed 
at 


run-time. 


I 0 ports are often used for parallel data in formats other 
than simple eight-bit 
bytes. For example, 
the low-order 


five bits of port 
I may output 
an alphabetic 
character 


code (hopefully) without disturbing 
bits 7-5. This can be a 
simple two-step 
process. 
First. clear the low-order 
five 


pins with an ANl 
instruction: 
then set those pins Corres- 
ponding 
to 
ones 
in the accumulator. 
(This 
example 


assumes the three high-order 
bits of the accumulator 
are 


originally 
zero.) 


Example 
14- 
Reconfiguring 
Port Size with logical 
Byte Instructions 


OUT_PlC 
ANL 
Pl 
•• 
llI00000B 
.CLEAR 
BITS 
PI 
4 
- 
PlO 


OAL 
PI.A 
.SET 
P>I 
PINS 
COAAESONDING 
TO 
SET 
ACC 


• 
BITS 
'ET 


,- 
__ 
0_0<_0_00 
__ 
••11 
dIrect 
address 
1 •.I __ 
m_'_"__ 
...J 


01 
ANL 
"data 


Figure 14. Instruction Pattern for logical 
Operation 


Special Addressing Modes 
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In this 
example. 
Iow-order 
bits 
remaining 
high may 
"glitch 
low for one machine cycle. If this is undesirable. 
use a slightly 
different 
approach. 
First. 
set all pins 
corresponding 
to accumulator 
one bits. then clear the 
pins corresponding 
to zeroes in low-order 
accumulator 
bits. Not all bits will change from original to final state at 
the same 
instant. 
but 
no 
bit makes 
an intermediate 
transition. 


Example 
15- 
Reconfiguring 
110 Port Size without 
Glitching 


PI. 
'" 
", .1110סס008 
PI. 
III 


Program Control - 
Jumps, Calls, Returns 


Whereas 
the 8048 only has a single form of the simple 
jump 
instruction. 
the 8051 has three. 
Each causes the 
program to unconditionally 
jump to some other address. 
They 
differ 
in how 
the 
machine 
code 
represents 
the 
destination 
address. 


LJMP 
(Long Jump) encodes a sixteen-bit 
address in the 
second 
and 
third 
instruction 
bytes (Figure 
15.a); the 
destination 
may be anywhere in the 64 Kilobyte program 
memory 
address 
space. 


The 
two-byte 
AJMP 
(Absolute 
Jump) 
instruction 
encodes its destination 
using the same format as the 8048: 
address 
bits 10 through 
8 form a three bit field in the 
opcode and address bits 7 through 0 form the second byte 
(Figure 
15.b). Address bits 15-12 are unchanged 
from the 
(incremented) 
contents 
of the P.e.. so AJ M P can only be 
used when the destination 
is known to be within 
the same 
2K memory block. (Otherwise 
ASM51 will point out the 
error.) 


A different 
two-byte jump 
instruction 
is legal with any 
nearby 
destination. 
regardless 
of 
memory 
block 
boundaries 
or "pages." SJ M P (Short Jump) encodes the 
destination 
with a program 
counter-relative 
address 
in 
the. second 
byte (Figure 
15.c). The CPU calculates 
the 


a.1 Long Jump (lJMP 
addr16): 


opcode 
11--'0-0'-"---'0-0'-. --"11 
addr7 - 
addrO 


b) 
Absolute Jump (AJMP acklt11): 
Ea :+c~e : IIL-__ 
,_O_O,_,_-_,_OO_"'__ 
---J 


c.) Short Jump (SJMP rei): 
I : : >+.: : : 11_,_e"H,._oll.e'------J 


Figure 15. Jump 
Instruction 
Machine 
Code 
Formats 


destination 
at run-time 
by adding 
the signed eight-bit 
displacement 
value 
to the incremented 
P.e. 
Negative 
offset values will cause jumps up to 128bytes backwards; 
positive 
values 
up to 127 bytes forwards. 
(SJ M P with 


OOH in the machine code offset byte will proceed with the 
following 
instruction). 


In keeping 
with 
the 8051 assembly 
language 
goal of 
rmnimizing the number of instruction 
mnemonics. 
there 


is a "generic" 
form 
of the 
three 
jump 
instructions. 
ASM51 
recognizes 
the mnemonic 
JMP 
as a "pseudo- 
instruction." 
translating 
it into the machine Instructions 
LJMP. 
AJMP. 
or SJMP. 
depending 
on the destination 
address. 


Like SJ M P. all conditional 
jump instructions 
use relative 
addressing. 
JZ (Jump 
if Zero) and JNZ (Jump 
if Not 
Zero) monitor 
the state of the accumulator 
as implied by 
their names. while JC (Jump on Carry) and JNC (Jump 
on No Carry) test whether or not the carry flag is set. All 
four are two-byte 
instructions. 
with the same format as 
Figure 15.c, JB (Jump on Bit). IN B (Jump on No Bit) and 
J BC (Jump on Bit then Clear Bit) can test any status bit 
or input pin with a three byte instruction; 
the second byte 
specifies which bit to test and the third gives the relative 
offset value. 


There 
are 
two 
subroutine-call 
instructions. 
LC ALL 
(Long 
Call) 
and 
ACALL 
(Absolute 
Call). 
Each 
increments 
the P.e. 
to the first byte of the following 
instruction. 
then pushes it onto the stack (low byte first). 


Saving both bytes increments 
the stack pointer 
by two. 


The subroutine's 
starting 
address is encoded 
in the same 
ways as LJ M P and AJ M P. The generic form of the call 
operation 
is the mnemonic 
CALL. 
which ASM51 
will 
translate 
into LCALL 
or ACALL 
as appropriate. 


The return instructiori 
RET pops the high- and low-order 
bytes of the program 
counter successively from the stack. 


decrementing 
the 
stack 
pointer 
by 
two. 
Program 
execution 
continues at the address previously pushed: the 
first byte of the instruction 
immediately 
following 
the 
call. 


When 
an interrupt 
request 
is recognized 
by the X051 
hardware. 
two 
things 
happen. 
Program 
control 
is 
automatically 
"vectored" 
to one of the interrupt 
service 
routine 
starting 
addresses 
by. in effect. forcing the CPU 


to process 
an LCALL 
instead 
of the next instruction. 


This automatically 
stores the return address on the stack. 


(Unlike the 8048. no status information 
is automatically 


saved.) 


Secondly. 
the interrupt 
logic is disabled from accepting 
any other 
interrupts 
from the same or lower priority. 


After completing 
the interrupt 
service routine. executing 
an RETI (Return 
from Interrupt) 
instruction 
will return 
execution 
to the point where the background 
program 
was interrupted 
- 
just like RET - 
while restoring 
the 
interrupt 
logic to its previous state. 
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Operate-and-branch Instructions - 
CJNE, DJ NZ 


Two 
groups 
of 
instructions 
combine 
a byte 
operation 


with 
a conditional 
jump 
based 
on the 
results 


CJNE 
(Compare 
and 
Jump 
if /loot Equal) 
compares 
two 


byte 
operands 
and 
executes 
a jump 
if they 
disagree. 
The 


carry 
nag 
1> set following 
the rules 
for subtraction: 
if the 


unsigned 
integer 
value 
of the 
first 
operand 
IS less than 


that 
of 
the 
second 
it 
is 
set; 
otherwise. 
it 
is cleared. 


However. 
neither 
operand 
is modified. 


The 
'CJNE 
instruction 
provides. 
in 
effect. 
a 
one- 


instruction 
"case" 
statement. 
This 
instruction 
may 
be 


executed 
repeatedly. 
comparing 
the code 
variable 
to a list 
of "special 
case" 
value: 
the 
code 
segment 
following 
the 


instruction 
(up 
to the destination 
label) 
will be executed 
only 
if the operands 
match. 
Comparing 
the accumulator 
or a register 
to a series 
of constants 
is a convenient 
way to 


check 
for special 
handling 
or error 
conditions: 
if none 
of 
the cases 
match 
the program 
will continue 
with "normal" 
processing. 


A typical 
example 
might 
be a word 
processing 
device 
which 
receives 
ASCII 
characters 
through 
the 
serial 
port 
and 
drive, 
a 
thermal 
hard-copy 
printer. 
A 
standard 
routine 
translates 
"printing" 
characters 
to 
bit patterns. 


but 
control 
characters 
«DEL;>: 
<CR;>: 
<I.F>. 
<BEL>. 


<ESC>. 
or <SP» 
must 
invoke 
corresponding 
special 


routines. 
Any 
other 
character 
with 
an 
ASCII 
code 
less 


than 
20H 
should 
be translated 
into 
the<NUL>value. 
OOH. and 
processed 
with 
the 
printing 
characters. 


Example 
16-Case 
Statements 
Using 
CJNE 


CHAR 
ecv 


INTERP 
CJNE 


RET 


IIIoT,. -, 
'J><£ 


"ET 


INlP -2 
C..JNE 


"ET 


INlP -, 
CJNE 


"ET 
INTP -. 
CJNE 


RET 


INn' -, 
CJNE 


RET 


IN"''' -- ~ 


"OV 


PRNTe 


,CHARACTER 
CODE 
VAR 
I ABLE 


CHAR .• 
7FH. 
INlp 
.. 1 
(SPECII'IL 
ROVTlNE 
FOR 
RUOOuT 
COOE) 


CHAR. _O"'H. 
1NlI' 
2 


{SPECI"L 
ROUTINE 
FOR 
BELL 
CODE 


CHAR, 
eOAH. 
INTP 
J 
(SPECIAL 
ROUTINE 
FOR 
LF(ED 
CODE) 


CHAR. 
eoo.-l, 
IN1P 
.• 


(SPECIAL 
ROUTINE 
FOR 
QfT 
,~", 
"")OE) 


CHAR .• 
18H. 
IN1P 
5 


(SPECIAL 
ROUTINE 
FOR 
ES{.AfE 
':OOEJ 


tHAR. 
e20H. 
1NlI' 
b 
(SPEC14L 
ROUTINe:. 
FO~ 
SPACE 
cnDf 


PRINTC 
..IV"'P 
IF 
CODE:> 
20 
•. 


CHAR. eo 
REPLACE 
CONTROL 
CH .•.RACURS 
'''I 
H 


NULL 
CODE 


,PROCESS 
STANDARD 
P~INTING 


CHARACTER 
Rn 


OJ'\Z 
(Decrement 
and 
Jump 
It '\ot 
Zero) 
decremeutv 


the 
register 
or direct 
address 
indicated 
and jump' 
if the 


result 
IS not 
zero. 
without 
affecting 
any 
nags. 
This 


provides 
a Simple 
means 
for e vccuting 
a program 
loop 
a 


given 
number 
of times. 
or 
for 
adding 
a moderate 
urne 
delay 
(Iron, 
2' 
<; I~ rr achine 
cvclex) 
w it h 
'I single 


mstrucnon. 
I-or example 
99 
'cc 
snlt"dre 
delav 
oop 


can 
be add 
d to code 
forcing 
an 
I 0 pin 
10" 
"Ith 
only 


two i structions. 


Example 
17 - 
Inserting 
d Software 
Delay 
with 
DJl\'Z 


CLR 
WR 
"OV 
R~ 
•••• 
<;> 
O.JNZ 
R;! .• 


SETD 
WR 


The 
dollar 
sign 
in this 
example 
is a special 
character 
meaning 
"the 
address 
of this 
instruction." 
It is useful 
in 


eliminating 
instructton 
labels 
on 
the 
same 
or adjacent 
source 
lines. 
CJNE 
and 
DJNZ 
(like 
all 
conditional 


jumps) 
use program-counter 
relative 
addressing 
for 
the 
destination 
address. 


Stack Operations - 
PUSH, POP 


The 
PUSH 
instruction 
increments 
the 
stack 
pointer 
by 


one. 
then 
transfers 
the contents 
of the single 
byte variable 


indicated 
(direct 
addressing 
only) 
into 
the internal 
RA M 


location 
addressed 
by 
the 
stack 
pointer. 
Conversely. 


POP 
copies 
the 
contents 
of the 
internal 
RAM 
location 


addressed 
by 
the 
stack 
pointer 
to 
the 
byte 
variable 


indicated. 
then 
decrements 
the 
stack 
pointer 
by one. 


(Stack 
Addressing 
follows 
the same 
rules, 
and 
addresses 
the 
same 
locations 
as 
Register-indirect. 
Future 
micro- 
computers 
based 
on the 
MCS-51'· 
CPU 
could 
have 
up to 


256 bytes 
of 
RA M for 
the 
stack.) 


Interrupt 
service 
routines 
must 
not 
change 
any 
variable 


or hardware 
registers 
modified 
by the 
main 
program. 
or 
else 
the 
program 
may 
not 
resume 
correctly. 
(Such 
a 


change 
might 
look 
like 
a spontaneous 
random 
error.) 
Resources 
used 
or 
altered 
by 
the 
service 
routine 
(Accumulator. 
PSW. 
ctc.) 
must 
be saved 
and 
restored 
to 
their 
previous 
value 
before 
returning 
from 
the 
serv ice 
routine. 
PUSH 
and 
POP 
provide 
an 
cfficient 
and 


convenient 
way 
to save 
register 
states 
on the 
stack. 


Example 
18 - 
Use 
of the 
Stack 
for 
Status 
Saving 
on 
Interrupts 


,REI'IEMBER 
LOCAT 
I ON 
COUNTER 


ORG 
00031'4. 
STARTING 
ADDRESS 
FOR 
INTERRuPT 
ROUTIN£ 


L.JI'IP 
SERVER, 
,JUP1P 
TO 
ACTUAL 
SERVICE 
ROUT 
INE 
LOCATELI 


• 
ELSEWHERE 


O"G 


SERVER 
PUSH 
PUSH 


LOC_TI'IP 
,RESTORE 
LOCAT 
ION 
COUNTER 
psw 
ACC 
SAVE 
ACCUl'lULATOR 
(NOTE 
DIRECT 
ADDRESSING 


NOTATION) 


SAVE 
B 
REGIS"ER 


• SAVE 
DATA 
POINTER 


PUSH 
PUSH 
PUSH 


"OV 


B 
OPL 


OPH 
PSW •• 
0000 
I 0009 
SELECt 
REGISTER 
BANK 
I 


POP 


POP 
pap 


POP 
POP 


OPH 


OPL 


B.or 
psw 


· RESTORE 
REGISTERS 
IN 
REVERSE 
ORnER 


.RESTORE 
PSW 
AND 
R(SELF.CT 
ORIGINAL 
, 
REC 
ISTER 
BANK 
RETUflN 
ro 
1'1011 
IN 
PROCRAM 
AND 
R(STORr 


, 
INTERRUPT 
Loerc 


RETI 


1ft 
he 
<; P 
regr-tcr 
held 
I F H 
"hen 
t hc 
interrupt 
\\ as 
detected. 
then 
while 
the 
scrv ice routine 
was 
in prugrcvs 
the stack 
\\ ould 
hold 
the registers 
show n in Figure 
16: S P 
would 
contain 
211H 


The 
example 
shims 
the 
most 
general 
suuauon: 
it the 


verv ice 
routine 
doesn't 
alter 
the 
Bvrcgrvter 
and 
data 


pointer. 
for 
example. 
the 
mstrucuon-, 
sa\ ing 
and 
restoring 
those 
registers 
would 
not 
be necessary 


The 
stack 
may 
also 
pass 
parameters 
to 
and 
from 


subroutines. 
The 
subroutine 
can 
indirectly 
address 
the 


parameters 
derived 
from 
the 
contents 
of 
the 
stack 
pointer. 
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RAM 
AODR 


7FH 


DPH 


DPl 


" 
ACC 


PSW 


PC (HIGH) 


PC (lOW) 


26H 
..-ISP) 


2SH 


24H 


23H 


22H 


2'H 


20H 


'FH 


DOH 


Figure 16. Stack contents during interrupt 


One advantage 
here is simplicity. 
Variables need not be 
allocated 
for 
specific 
parameters. 
a potent rally 
large 
number 
of parameters 
may 
be passed, 
and 
different 
calling 
programs 
may 
use 
different 
techniques 
for 
determining 
or handling 
the, 
ariables. 


For 
example. 
the 
following 
subroutine 
reads 
out 
a 
parameter 
stored 
on the stack by the calling program. 
uses the low order 
bits to access a local look-up 
table 
holding 
bit patterns 
for driving the coils of a four phase 
stepper 
motor. 
and stores 
the appropriate 
bit pattern 
back in the same position 
on the stack before returning. 
The accumulator 
contents 
are left unchanged. 


Example 
19- 
Passing 
Variable 
Parameters 
to Sub- 
routines 
Using the Stack 


N~TP05 
MOV 


OEC 
OEC 
XCH 


,ACCESS 
LOCAl 
ION 
PARAMETER 
PUSHED 


,READ 
INPUT 
PARAMETER 
AND 
SAVE 


•. 
ACCUMULATOR 
A, _031-1 
,MA51( 
ALL 
BUT 
LOw-ORDER 
TWO 
B I 1S 


A •• 
2 
,ALLOW 
FOR 
OFFSET 
FROM 
Move 
TO 
TADLE 


A .••••• 
PC 
,REot.O 
LOOK-UP 
TABLE 
ENTRY 


A, _AO 
PASS 
BACI'. 
TR",..SLATED 
VALUE 
AND 
RE:5TORE 


. 
Ace 
,RETURN 
TO 
BACI(CFlQUNO 
PROCRAP'I 
011011118 
• POSITION 
0 
010111118 
. POSITION 
I 


100111 
J 18 
. POSITION 
2 


101011118 
,POSITION 
:3 


ANL 


ADD 
eovc 
XCH 


Rn 


STPTBL 
DB 


D.D. 
D. 


The background 
program 
may reach this subroutine 
with 
several different 
calling sequences, 
all of which PlISH 
a 
value before calling the routine and POP the result after. 
A motor 
on Port 
I may be initialized 
by placing 
the 
desired 
position 
(zero) on the stack 
before calhng 
the 


subroutine 
and outputing 
the result, 
dircct lv to a port 
after" ards. 


Example 
20 - 
Sending and Receiving Data Parameters 
Via the Stack 


CLFI 
A 
PUSH 
Ace 


CALL 
NXTPOS 


POP 
Pt 


If the position of the. motor is determined 
by the contents 


of variable 
POSM I (a byte in internal 
RAM) 
and the 


position of a second motor on Port 2 is determined 
by the 
data 
input 
to the low-order 
nibble 
of Port 
2. a six- 
instruction 
sequence could update 
them both. 


Example 
21 - 
Loading 
and Unloading 
Stack Direct 


from 
1/0 
Ports 


POS"'I 
EGU 


PUSH 
POSl'll 


CALL 
NXTPOS 
POP 
PI 
PUSH 
P' 
CALL 
NXTPOS 


POf' 
P2 


Data Pointer and Table Look-up instructions - 
MOV, INe, MOVe, JMP 


The data pointer can be loaded with a l6-bit value using 
the instruction 
MOV DPTR. 
#data 16. The data used is 
stored 
in the second 
and third 
instruction 
bytes. high- 


order byte first. The data pointer is incremented 
by INC 
DPTR. 
A 16-bit increment 
is performed; 
an overflow 
from the 10"' byte will carry into the high-order 
byte. 
Neither 
instruction 
affects any nags. 


The 
MOVC 
(Move 
Constant) 
instructions 
(MOVC 
A.@A+DPTR 
and 
MOVC 
A.@A+PC) 
read 
into 
the 
accumulator 
bytes of data 
from the program 
memory 
logical 
address 
space. 
Both 
use a form 
of indexed 


addressing: 
the 
former 
adds 
the 
unsigned 
eight-bit 


accumulator 
contents 
with the sixteen-bit 
data 
pointer 
register. and uses the resulting 
sum as the address 
from 
which 
the 
byte 
is fetched. 
A sixteen-bit 
addition 
is 
performed; 
a carry-out 
from the low-order eight bits may 
propagate 
through 
higher-order 
bits. but the contents 
of 


the DPTR are not altered. The latter form uses the incre- 
mented 
program 
counter 
as the "base" value instead of 
the DPTR 
(figure 17). Again. neither version affect> the 
nags. 


a.] 
Move 
A @ A • PC 
(LOCAL 
TABLE 


LOOK-UP) 


16-81T I PC 


~ACC 


L 
'_6-_"'_T.J1 
~~~~~I~~RESS 


b) 
Move 
A @ A. OPTR 


(GLOBAL 
TABLE 


LOOK-UP) 


16 - 
BIT I DPTR 


~ACC 


L 
'6_-_"_'_T.J1 
~~~~~~~RESS 


c) 
JMP@ 
A· 
OPTR 


(GLOBAL 
INDIRECT 


JUMP) 


16-81T I OPTR 


~ACC 


L 
'.:.6--=.".:.'T.J1 LOADED INTO P C 


Figure 17. Operation of MOVe 
instructions 
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Each can be part of a three step sequence to access look- 
up tables in ROM. 
To use the DPTR-relative 
version. 


load the Data Pointer with the starting address of a look- 
up table; 
load the accumulator 
with (or compute) 
the 
index 
of 
the 
entry 
desired; 
and 
execute 
MOVC 
A.@A+DPTR. 
Unlike the similar 
MOVP3 instructions 
in the 
8048. 
the 
table 
may 
be located 
anywhere 
in 
program 
memory. 
The data pointer may be loaded with a 
constant 
for short tables. Or to allow more complicated 
data structures. 
or tables with more than 256 entries. the 
values for DPH and DPL may be computed 
or modified 
with the standard 
arithmetic 
instruction 
set. 


The 
PC-relative 
version 
has 
the 
advantage 
of 
not 
affecting 
the data 
pointer. 
Again. 
a look-up 
sequence 
takes three steps: load the accumulator 
with the index; 
compensate 
for the offset from the look-up instruction 
to 
the start 
of the table by adding 
the number 
of bytes 


separating 
them 
to the accumulator; 
then execute 
the 
MOVC A.@A+PC 
instruction. 


Let's look at a non-trivial 
situation 
where this instruction 
would 
be used. 
Some 
applications 
store 
large 
multi- 
dimensional 
look-up tables of dot matrix patterns. 
non- 
linear calibration 
parameters. 
and so on in a linear (one- 
dimensional') 
vector 
in program 
memory. 
To retrieve 
data 
from 
the 
tables. 
variables 
representing 
matrix 


indices must be converted 
to the desired entry's memory 
address. 
For 
a matrix 
of dimensions 
(MDIMEN 
x 
NDIMEN) 
starting 
at address 
BASE 
and 
respective 
indices 
INDEXI 
and 
I 
DEXJ. 
the address 
of element 
(INDEX!. 
INDEXJ) 
is determined 
by the formula. 
Entry Address 
= BASE + (NDIMEl\: 
x INDEXI) 
+ 


INDEXJ 
The code shown below can access any array with less than 
255 entries (i.e .. an IIx21 array with 231 elements). 
The 


table 
entries 
are defined 
using the Data 
Byte ("OS") 
directive. 
and will be contained 
in the assembly 
object 
code as part of the accessing subroutine 
itself. 


Example 
22 - 
Use of M PY and Data 
Pointer 
Instruc- 
tions to Access Entries from a Multi- 
dimensional 
Look-Up 
Table in ROM 


LOAD 
CONSTANT 
READ 
FROM 
TWO 
DIMENSIONAL 
LOOIo4.-UP 


TABLE 
IN 
PROGRAM 
MEMORY 
INTO 
ACCUMULATOR 


USING 
LOCAL 
TABLE 
LOOK-VP 
INSTRUC110N. 
'!"love 
A, ~A.PC 


THE 
TOTAL 
NUMBER 
OF 
TABLE 
ENTRIES 
IS 
ASSVI"IEO 
TO 


8£ 
SMALL, 
I 
E 
LESS 
TH",,., 
ABOUT 
250 
ENTA IES 
) 


TABLE 
USED 
IN 
THIS 
EXAP1PL£ 
IS 
( 
11 
X 
21 
) 


DESIRED 
ENTRY 
ADDRESS 
IS 
GIVEN 
ay 
THE 
FORMULA, 
e 
(BASE 
ADDRESS) 
+ 
(;21 
X 
INDE"X11 
+ 
(INOEI(,J) 
l 


INDEX 
I 
EQU 
INDEXJ 
EQV 
,FIRST 
COORDINATE 
OF 
ENTRY 
(0-10) 


. SECOND 
COORDINATE 
OF 
ENTRY 
IO-~O) 


r10V 
A, INDEX! 
I'IOV 
8 •• 21 


""'- 
'B 
ADD 
A. 
INDEX.} 


ALLOW 
FOR 
INSTRUCTION 
BYTE 
BETWEEN 
"MOVC" 
AND 
ENTRY 
CO,O) 
INC 
A 
MOVC 
A. tA+PC 


RET 
8ASEI 
08 
• (.ntr~ 
0,0) 


08 
,(."tr~ 
O. I J 


DB 


DB 


,(.ntr~ 
0,20) 
,C.ntry 
1,0) 


DB 
. C.ntry 
1. i'0) 


231 
• (_"tr\! 
10,;>0) 


There 
are 
several 
different 
means 
for 
branching 
to 
sections of code determined 
or selected at run time. (The 
single 
destination 
addresses 
incorporated 
into 
conditional 
and 
unconditional 
jumps 
are. 
of course. 


determined 
at assembly 
time). Each has advantages 
for 
different 
applications. 


The most common 
is an l\:-wa~ conditional 
jump based 
on some variable. 
with all of the potential 
destinations 
known 
at assembly 
time. 
One of a number 
of small 
routines 
is selected according 
to the value of an index 
variable 
determined 
while the program 
is running. 
The 
most 
efficient 
way to 
solve 
this problem 
is with the 
MOVC and an indirect jump 
instruction. 
using a short 
table of one byte offset values in ROM to indicate 
the 
relative starting 
addresses 
of the several routines. 


J M P @A+DPTR 
is an Instruction 
w hich performs 
an 
indirect jump to an address determined 
during program 
execution. 
The instruction 
adds the eight-bit 
unsigned 
accumulator 
contents 
with the contents 
of the sixteen-hit 
data 
pointer. 
just 
like 
MOVe 
A.@A+DPTR. 
The 
resulting 
sum is loaded into the program 
counter 
and" 
used as the address 
for subsequent 
instruction 
fetches. 
Again. a sixteen-bit 
addition 
is performed; 
a carry out 
from the low-order eight bits may propagate 
through the 
higher-order 
bits. In this case. neither the accumulator 
contents 
nor the data pointer 
is altered. 


The example subroutine 
below reads a byte of RA M into 
the 
accumulator 
from 
one 
of four 
alternate 
add re" 
spaces. 
as 
selected 
by 
the 
contents 
of the 
variable 
MEMSEL. 
The 
address 
of 
the 
byte 
to 
be read 
is 
determined 
by the contents 
of RO(and optionally 
RI). It 
might find use in a printing 
terminal 
application. 
where 
four different model printers all use the samc ROM code 
but use different 
types and si7es of buffer memor~ for 
diffcrent 
speeds and options. 


Example 
23 -- N-Way 
Branch and Computed 
Jump 
Instructions 
via JMP 
@ ADPTR 


I"IEI'ISEL 


JUMP _4 
MQV 
A, MEI'ISEL 


MQV 
DPTR, 
.JI'IPTaL 
MQVe 
A. &A+OPTR 


.JMP 
tA+DPTR 


Jf1PTBL 
DB 
I"IEI'ISPO-.JI'IPTDL 
DB 
I'IEMSP I-JI'IPTBL 
OB 
I'IEMSP2-JI'IPTBL 
DB 
11EI'ISP3-.JMPTBL 
I'IEI'ISPO 
MDV 
A, 'RO 
• READ 
FROI'I 
INTERNAL 
RAM 


RET 
I'IQVX 
,READ 
FROM 
2~6 
BYTES 
OF 
EXTERNAL 
RAM 


RET 
I'IEMSP2 
MDV 
DPL. 
RO 


I'IOV 
DPH, RI 
I'tOV)' 
A.IOPTR, 
READ 
FROM 
64"" 
BYTES 
OF 
EXTERNAl 


RET 
I10V 
A, RI 
ANL 
A, .07H 
ANL 
PI,.IIllloooa 
ORL 
PI. 
A 
I'IQVX 
A,IRO 
,READ 
FROM 
"'" 
BYTES 
QF 
EXTERNAL 
~A'" 
RET 


Note that this approach 
is suitable whenever the si/c 
of 
jump table plus the length of the alternate 
routines" 
Ic" 
than 
256 bytes. The jump 
table and 
routines 
may be 
located 
anywhere 
in program 
memory. 
independent 
of 
256-byte program 
memory 
pages. 
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For applications 
where up to 128 destinations 
must be 
selected. 
all of which 
reside 
in the same 
2K page of 
program 
memory which may be reached by the two-byte 
absolute jump instructions. 
the following technique 
may 


be 
used. 
In the 
above 
mentioned 
printing 
terminal 
example. 
this sequence could "parse" 
128different codes 
for ASCII characters 
arriving 
via the 8051 serial port. 


Example 
24-N-Way 
Branch with 128 Optional 
Destinations 


OPTION 
EOU 


J/"IP129 
MOV 


RL 
MQV 


"MP 


INSTBL 
A""P 
A""P 
A""P 


A..JMP 


AJf'tP 


.3 


A. OPTION 


A 


DPTR. 
*INSTBL 


eA+OPTR 


• MULTIPLv 
BV 
;2 FOR 
2 
BYTE 
JUMP 
TAH!.E 


. FIRST 
ENrRY 
IN 
JUI1P 
TAut 
E 


,JUr1P 
INTO 
...lUMP 
TABLE 


PROCOO 
,128 
CONSECUTJ 
••.•E 
PRoeOI 
,A.)I'IP 
INSTRUCTIONS 
PRCCO;;! 


PRoe7E 
PROC7F 


The 
destinations 
in 
the 
jump 
table 
(PROCOO- 


PROC7F) 
are not all necessarily unique routines. A large 
number 
of special control codes could each be processed 


with 
their 
own 
unique 
routine. 
with 
the 
remaining 


printing 
characters 
all causing 
a branch 
to a common 


routine 
for entering 
the character 
into the output queue. 


In those 
rare 
situations 
where 
even 
128 options 
are 
insufficient. 
or where the destination 
routines may cross a 
2K page boundary. 
the above approach 
may be modified 


slightly as shown below. 


Example 
25 - 
256- Way Branch 
Using Address 
Look- 
Up Tables 


eov 
Of"HI 
.• 
AORTBl 
,FIRST 
ENTRY 
IN 
TABLE 
OF 
ADDRESSES 


r10V 
A. OPT ION 
eLA 
C 
ALe 
A 
.1'IVl 
TJPLY 
DV 
2 
FOR 
2 
BytE 
.JVI"IP 
TAilLE 
JNC 
LOW12B 
INe 
OPH 
LOW128 
1"\01,1 
RTE""'. 
A 
,SAVE 
ACC 
FOR 
Hlc;H 
BYTE 
READ 
110ve 
A .•••• 
+DPTR 
• REAO 
LOW 
BYTE 
FROt1 
JUI'IP 
TABLE 


XCI-!. 
A. 
ATE"'" 


INC 
A 
/'\OVC 
A. e"'+OPTR 
,eET 
LOW-ORDER 
BYTE 
FROM 
TABLE" 


PUSH 
Ace 


I'IOV 
A. 
RTEI"IP 
eovc 
A. e"'+OPTR 
,GET 
HIGH-ORDER 
BYTE 
FROM 
TADLE 


PUSH 
Ace 


THE 
TWO 
Ace 
PUSHES 
HAVE 
PRODUCED 
A 
"RETURN 
ADDRESS" 
ON 
THE 
STACI'. 
WHICH 
CORRESPONDS 


TO 
THE 
OESIREO 
STARTINQ 
AODRESS 
IT 
"AY 
BE 
REACHED 
DV 
POPPING 
THE 
STACI'. 
INTO 
THE 
PC 
RET 


ADRTDL 
0101 
ow 


PROCOO 
,uP 
TO 
25b 
CONSECUTJVE 
DATA 


PROCO! 
,WORDS 
INDICATJNG 
STARTJNG 
ADDRESSES 


DW 
PROCFF 


OV""Y 
CODE 
ADDRESS 
DEFINITIONS 
NEEDED 
BV 
ABOVE 


TWO 
EXAMPLES 


PROCOO 
NOP 
PROCOl 
NOP 
PROCO;;? 
NOP 
PROC7E 
NOP 
PROC7F 
NOP 
PRQCFF 
NOP 


4. BOOLEAN PROCESSING 
INSTRUCTIONS 


The commonly 
accepted 
terms for tasks at either end of 
the computational 
vs. control 
application 
spectrum 
are. 
respectively. 
"number-crunching" 
and 
"bit-banging". 


Prior to the introduction 
of the MCS-51'· 
family. nice 
number-crunchers 
made bad bit-bangers 
and vice versa. 


The 
8051 
is the 
industry's 
first 
single-chip 
micro- 


computer 
designed to crunch and bang. (In some circles. 


the latter technique 
is also referred to as "bit-twiddling". 


Eit her is correct.) 


Direct Bit AddreSSing 


A number 
of instructions 
operate 
on Boolean (one-bit) 
variables. 
using a direct bit addressing 
mode comparable 


to direct byte addressing. 
An additional 
byte appended 
to 


the opcode 
specifies the Boolean 
variable, 
I 0 pin. or 
control 
bit used. The state of any of these bits may be 


tested for "true" 
or "false" with the conditional 
branch 
instructions 
JB (Jump 
on Bit) and JNB (Jump 
on Not 


Bit). The 
JBC 
(Jump 
on 
Bit and 
Clear) 
instruction 
combines 
a test-for-true 
with an unconditional 
clear. 


As in direct 
byte addressing. 
bit 7 of the address 
byte 


switches 
between 
two physical 
address 
spaces. 
Yalues 


between 
0 and 
127 (00H-7FH) 
define 
bits in internal 
RAM locations 
20H to 2FH (Figure 
18a): address bytes 


between 
128 and 255 (80H-OFFH) 
define bits in the 2 x 
"speciaHunction" 
register address space (Figure 
18b). If 


no 2 x "special-function" 
register 
corresponds 
to the 


direct 
bit address 
used the result of the instruction 
is 


undefined. 


Bits so addressed 
have many wondrous 
properties. 
They 
may be set. cleared. or complemented 
with the two byte 
instructions 
SETB. CLR. or CPL. Bits may be moved to 
and from the carry flag with MOY. The logical ANL and 
ORL functions 
may be performed 
between the carry and 
either the addressed 
bit or its complement. 


Bit Manipulation Instructions - 
MOV 


The 
"MOY" 
mnemonic 
can 
be 
used 
to 
load 
an 
addressable 
bit into the carry flag ("MOY C. bit") or to 
copy the state of the carry to such a bit ("MOY bit. C'). 
These instructions 
are often used for implementing 
serial 


1/0 algorithms 
via software or to adapt the standard 
I 0 


port structure. 


It is sometimes 
desirable to "re-arrange" 
the order of I 0 


pins 
because 
of considerations 
in laying 
out 
printed 


circuit 
boa~ds. 
When 
interfacing 
the 
8051 
to 
an 


immediately 
adjacent 
device with "weighted" 
input pins. 
such as keyboard 
column 
decoder. 
the corresponding 


pins are likely to be not aligned (Figure 
19). 


There is a trade-off in "scrambling" 
the interconnections 
with either 
interwoven 
circuit 
board 
traces or through 
software. 
This 
is 
extremely 
cumbersome 
(if 
not 


impossible) 
to 
do 
with 
byte-oriented 
computer 


architectures. 
The 
8051's 
unique 
set 
of 
Boolean 


instructions 
makes 
it simple 
to move individual 
bits 


between arbitrary 
locations. 
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•. ) RAM IH Add,....., 


RAM 
.YTf 


b.) Hardwa,. "-e'I'''' 
BitAdd,.. ••••. 


Direct 
BHAdd,..... 
Hardw.,. 
:~NU 
~(M_SB~) 
(~L_S.~),:~ 


DFFH 


(MSB) 
(LSB) 


1 
1 
FO 
OFOH 
F7 
, 


2FH 
7F 
7£ 
1D 
7C 
7. 
7. 
79 
78 
OEOH 
E7 
I 
Ellnlulnl"l 
E1 
I 
EO 
'CC 


2EH 
77 
78 
75 
74 
73 
72 
71 
70 


20H 
• F 
•• 
aD 
se 
•• 
lA 
•• 
•• 


DOOH 
07 
I 
os 
] 
051 
041 
031 
021 
01 
I 
DO 
PSW 


>CH 
&1 
•• 
•• 
•• 
63 
•• 
., 
SO 


2.H 
5F 
ot 
50 
5C 
58 
5' 
5. 
50 


2AH 
57 
50 
ss 
•• 
53 
52 
51 
50 
•••••• 
- 
I 
- 
I 
- 
I 
8C 
I 
88 
I 
8' 
I 
8. 
I •• 
IP 


2tH 
.F 
'E 
CD 
CC 
48 
CA 
•• 
•• 


20H 
.7 
CO 
'5 
CC 
43 
42 
., 
40 
OBOH 
.7 
I 
"1851.'1.31821 
81 
I 
.0 
P3 


2rH 
3F 
lE 
3D 
3C 
38 
lA 
•• 
•• 


>OH 
37 
36 
35 
34 
33 
32 
31 
30 
OAOH 
.F 
I 
-1-I·cl··I 
•• 
1 
•• 
I •• 
lE 


25H 
2F 
2E 
20 
2C 
28 
2A 
29 
2. 


2.H 
27 
29 
25 
2. 
23 
22 
21 
20 
OAOH 
.7 
I 
"1'51"1"1"1 
., 
I 
'0 
P2 


23H 
1F 
1E 
10 
1C 
18 
1. 
10 
1. 


22H 
17 
" 
15 
,. 
13 
12 
11 
10 
OSH 
.FI" 
loolocl981 
•• 
I 
•• 
I 
OS 
SCON 


21H 
OF 
OE 
OD 
GC 
08 
O' 
•• 
OB 


20H 
07 
GO 
05 
GC 
03 
02 
01 
00 
90H 
'71"1951"1 
.3 
I 
921 
" 
I 


go 
P1 


1FH 
Sank 3 


10H 
88H 
.FI"I·DI 
.C 
I 
881··1 
•• 
1 •• 
TeON 


17H 


Bank 
2 


10H 
80H 
.7 
I 
•• 
I 
.5 
I 
•• 
I 
.3 
I 
.2 
I 
., 
I 
80 
PO 


DFH 
aank 1 


08H 


.7H 


aank 0 
DOH 


Figure 
18. Bit Address 
Maps 


Solving 
Combinatorial 
Logic Equations 
- 
ANL, ORL 


Example 
26 - 
Re-ordering 
1/0 
Port Configuration 


ALE 


PSEW 


P2.7 


(LSB) 
.0 
P2.6 


8351 
P2.5 
., 


1751 


P2.4 
'2 
DECODER 


P2.3 
.3 


P2.2 
•• 
(MSB) 


P2.1 


P2.0 


Figure 
19. "Mismatch" 
Between 
1/0 
port 
Decoder 


OUT_Pl 
RRC 
"QV 
AAC 
MOV 


ARC 
"QV 
AAC 
"QV 
AAC 
"QV 
AET 


· 
P;;! 
b. C· 
P2 "C· 
ea 
4. C· 
P2 3. C· 
P;! 
2. C 


• MOVE 
OfU~JNAL 
ACC 
0 
INTO 
cv 


,STORE 
CARRY 
TO 
PIN 
P2b 


,I'IOVE 
OAJ~JNAL 
ACC 
I 
INTO 
cv 


• STORE 
C"AAY 
TO 
P IN 
PC" 


.I'IOVE 
OR IGJNAL 
Ace 
'2 
INTO 
CV 
• STORE 
CARRY 
TO 
PIN 
P24 


.1101,1£ 
ORIGINAL 
Ace 
:3 
INTO 
CV 


,STORE 
CARRV 
TO 
E'lN 
P;;!3 
. 


,r\OVE 
ORIQINAl 
ACC 
" 
INTO 
CV 


• STORE 
CARRV 
TO 
PIN 
P22 


Virtually 
all hardware 
designers 
are familiar 
with the 


problem 
of 
soh ing 
complex 
fu nct io ns 
using 


combinatorial 
logic, The technologies 
involv ed may \ ary 


greatly. from multiple contact relay logic. vacuum tunes. 
TTL. or CM OS to more esoteric approaches 
like fluidics. 


but 
in each 
case 
the 
goal 
is the 
same: 
a 
Boolean 


and 
(true 
false) 
function 
is computed 
on 
a 
number 
of 
Boolean variables. 
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•. ) TTl 


o : (U • (V +W). 
(X • y) •.i 


t----; 
I---;j.f---{c •• 


c., 


Figure 20. Implementations of Boolean functions 


Figure 
20 
shows 
the 
logic 
diagram 
for 
an 
arbitrary 


function 
of 
six 
variables 
named 
U 
through 
Z 
using 


<tandard 
logic 
and 
relay 
logic 
symbols. 
Each 
is a solution 


of the 
equation, 


Q = (U • (Y + W» 
+ (X. 
V) + Z 


(While 
this 
equation 
could 
be reduced 
using 
Karnaugh 
Maps 
or algebraic 
techniques, 
that 
is not 
the 
purpose 
of 
this 
example. 
Even 
a 
minor 
change 
to 
the 
function 


equation 
would 
require 
re-reducing 
from 
scratch.) 


Most 
digital 
computers 
can 
solve 
equations 
of this 
type 


with 
standard 
word-wide 
logical 
instructions 
and 


conditional 
jumps. 
Still. 
such 
software 
solutions 
seem 


vorncw hat sloppy 
because 
of the many 
paths 
through 
the 
program 
the 
computation 
can 
take. 


Assume 
U and 
Y are 
input 
pins 
being 
read 
by different 
input 
ports. 
Wand 
X are 
status 
bits 
for two 
peripheral 


controllers 
(read 
as I 0 ports). 
and 
Y and 
Z are software 


flags 
set or cleared 
earlier 
in the program. 
The 
end 
result 


must 
be written 
to an 
output 
pin 
on 
some 
third 
port. 


For 
the 
sake 
of 
comparison 
we 
will 
implement 
this 
function 
with 
software 
drawn 
from 
three 
proper 
subsets 
of 
the 
MCS-51'· 
instruction 
set. 
The 
first 
two 


implementations 
follow 
the 
now 
chart 
shown 
in Figure 


21. Program 
now 
would 
embark 
on a route 
down 
a test- 
and-branch 
tree 
and 
leaves 
either 
the 
"True" 
or 
"Not 


Irue" 
exit 
ASAP. 
These 
exits 
then 
write 
the output 
port 
with 
the data 
prcv iously 
written 
to the same 
port 
with the 


revult 
bit 
rcspecrively 
one 
or fern. 


In the 
[irvt case. 
we assume 
there 
arc 
no instruction> 
for 


addressing 
indiv idual 
bits other 
than 
special 
flags like the 


carr~" 
This 
is t~ pical 
of rnanv 
older 
microprocessors 
and 


mainframe 
computers 
designed 
for 
number-crunching. 


MCS-51 
,. 
mnemonics 
are 
used 
here. 
though 
for 
most 
other 
machines 
the 
issue 
would 
be even 
further 
clouded 
hy 
their 
use 
of 
operation-specific 
mnemonics 
like 


INPUT. 
OUTPUT. 
I.OAD. 
STORE. 
etc .. instead 
of the 


universal 
MOY. 


(CONTINUE) 


Figure 21. Flow chart for tree-branChing logic 


implementation 
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Example 
27 -Software 
Solution 
to Logic Function 
of 
Figure 20. Using only Byte- Wide Logical 
Instructions 


.JFUNCI 
SOLVE'" 
RANDOt1 
L~IC 
FUNCTION 
OF 
b 
VARIABLES 
IV 
LOAOJN(il 
AND 
MSI(INO 
THE 
APPROPRIATE 
BITS 
IN 
TIE 
ACCUf'tULATOR. 
THEN 
EIIECUTlNQ 
CONDITIONAL 


..Jl,IPIPS 
BASE~ 
ON 
lERO 
CONDITION 


IA,PPROACH 
USED 
8Y 
BYTE-ORIENTED 
AACMITECTUAES 
, 


BYTE 
AND 
"",SI( 
VALUES 
CORRESPOND 
TO 
RESPECTlVE 
BYTE 
ADDRESS 
AND 
BIT 
POSITION 


ooT81$ 
EOV 
,OUTPUT 
P IN 
SlATE 
"",P 


TEST.... 
1101,1 


ANL 
.!NZ 


"OY 
AN<- 


JZ 
eov-- 
.1Nl 


"""-- 
Jl 
eov-- 
Jl 


TESTl 
I10V 


AN<- 
-n 


CLRB 
eov 


ANL 
JMP 


SETa 
I'tOv 
ORL 
OUTQ 
1'101,1 
eov 


A. P2 
/4. _סס0001008 


TES1U 
A. lCON 


A •• 
00 
I OOOOOU 
TESTJ' 
A. PI 
••••_000000100 
SET • 
A.1CON 
,., 
_סס0010008 


TESTZ 
A.>OH 
oII!•• 
00000001 
B 
SET. 
••••2IH 


"., 
_000000 
I OD 


SETO 
",OUTBUF 
A, _11110111B 
CLT. 
A.OUTBUF 
••••_000010008 


OUTBUF. 
'" 
P3 •••• 


Cumbersome. 
to say the least. and error prone. It would 
be hard to prove the above example worked in all cases 
without 
an exhaustive 
test. 


Each 
move/mask/conditional 
jump 
instruction 
sequence may be replaced by a single bit-test instruction 
thanks to direct bit addressing. 
But the algorithm 
would 
be equally convoluted. 


Example 
28 - 
Software 
Solution 
to Logic Function 
of 


Figure 20. Using only Bit-Test 
Instructions 


.8FUNC2 
SOLVE 
A 
Ro'IINDOP1 
LCX:IC 
FUNCTION 
OF 
b 


VARIABLES 
ItV 
DIRECTLY 
POLLIW; 
EACH 
BIT 


(APPROACH 
USING 
"'5-'1 
UNIQUE 
BIT-TEST 
INSTRUCTION 
CAPABILITY) 
SYMBOLS 
USED 
IN 
LOCIC 
DIAQRA/'I 
ASSIGNED 
TO 


CORRESPONDINQ 
80~1 
SIT 
ADDRESSES 


BIT 
BIT 
BIT 
BIT 
BIT 
SIT 
BIT 


PI 
1 
P2 
2 
TFO 


1E1 
20M 
0 


21H 
1 
P3 
3 


TEST_II 
..IS 


""S 
TEST 
U 
..IS 


TEST=I 
..INB 
.!NB 


TEST_I 
..INS 


CLR_Cl 
CLR 
,,"P 
SET 
Cl 
SETB 
NUTST 


11. TEST 
U 


w. TEST=I 
U. SET_O 
I. 
TEST_I 


V.SET_O 
I.SET_O. 
NITTST. 
. (CONTINUATION 
OF 
PROGRAM) 


A more elegant and efficient 8051 implementation 
uses 


the Boolean 
ANL and ORL functions 
to generate 
the 


output 
function 
using 
straight-line 
code. 
These 
instructions 
perform 
the 
corresponding 
logical 


operations 
between 
the 
carry 
flag 
("Boolean 
Accumulator") 
and the addressed 
bit. leaving the result in 
the carry. Alternate 
forms of each instruction 
(specified 
in the assembly language by placing a slash before the bit 
name) use the complement 
of the bit's state as the input 
operand. 


These instructions 
may be "strung together" to simulate a 
multiple 
input logic gate. When finished. 
the carry flag 
contains 
the result. which may be moved directly to the 


destination 
or output 
pin. No flow chart is needed - 
it is 


simple to code directly from the logic diagrams 
in Figure 
20. 


Example 
29 - Software 
Solution 
to Logic Function 
of 


Figure 20. Using the MCS-51 
(TM) 
Unique 
Logical Instructions 
on Boolean 
Varia bles 


• SFUNCJ 
SOLIIE 
A 
RANDOt1 
LOQIC 
FUNCTION 
OF 
6 


VARIABLES 
USINCj 
STRAIGHT-LINE 
LOGICAL 
INSTRUCTIONS 
ON 
",S-51 
BOOLEAN 
IIARIABLES 


!'tOV 
C.II 


OAL 
C. 
W 
• OUTPUT 
OF 
OR 
QATE 


ANL 
C. 
U 
• OUTPUT 
OF 
TOP 
AND 
QATE 


I'IOV 
FO. c, 
. SAVE 
JNTERI'IEDJATE 
STATE 
/'K)V 
C,I 


ANI.. 
C, 
IV 
• OUTPUT 
OF 
BOTTOf'I 
AND 
GATE 


OAL 
C. 
FO 
, INCLUDE 
IIALUE 
SAVEO 
A80llE 
ORL 
C.II 
, INCLUDE 
LAST 
INPUT 
IIARIABLE 
Mall 
Q. C 
• OUTPUT 
COf1PUTED 
RESULT 


Simplicity 
itself. Fast. flexible. 
reliable. easy to design. 


and easy to debug . 


The Boolean features 
are useful and unique enough 
to 


warrant 
a complete 
Application 
Note 
of their 
own. 
Additional 
uses and ideas are presented 
in Application 


Note 
A P-70. 
Using 
the 
Intele 
MCS-SI> 
Boolean 
Processing 
Capabilities. 
publication 
number 
12I5I9. 


5. ON-CHIP 
PERIPHERAL FUNCTION 
OPERATION 
AND INTERFACING 


I/O Ports 


The 
I 0 
port 
versatility 
results 
from 
the 
"quasi- 
bidirectional" 
output 
structure 
depicted 
in Figure 
22. 


(This is effectively the structure 
of ports 
I. 2. and 3 for 


normal 
I 0 operations. 
On port 0 resistor R2 is disabled 
except 
during 
multiplexed 
bus operations, 
providing 


READ/MODIFY/ 


WRITE 


INTERNAL 
BUS 


·5V 


WRITE 


PULSE 


BUS 
CYCLE 
TIMING 


., 


READ 


Figure 22. Pseudo-bidirectional I/O port circuitry 
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essentially 
open-collector 
outputs. 
For 
full 
electrical 


characrerixrics 
see the 
User's 
Manual.) 


An output 
latch 
bit associated 
with each 
pin i, updated 
by 


direct 
addressing 
instructions 
when 
that 
port 
is 
the 


dcvrinauon. 
The 
latch 
state 
is buffered 
to 
the 
outside 
world 
b~ R I and 
Q I. which 
rnav 
drive 
a standard 
TTL 
input. 
(In 
TTI. 
terms. 
Q I and 
RI 
resemble 
an 
open- 


collector 
output 
with 
a pull-up 
resistor 
to Vcc.) 


R2 and 
Q2 represent 
an "active 
pull-up" 
device 
enabled 


rnomcntarilv 
when 
a 0 prev iously 
output 
changes 
to a I. 


This 
"jerks" 
the output 
pin to a I level more 
quickly 
than 


the 
pa"i\e 
pull-up. 
irnprov 
ing 
rise-time 
significantly 
if 
the 
pin 
is driv ing a capacitive 
load. 
Note 
that 
the 
active 


pull-up 
is 
only 
activated 
on 
O-to-I 
transitions 
at 
the 


output 
latch 
(unlike 
the 
8048. 
in which 
Q2 is activated 


whenever 
a 
I is written 
out). 


Operations 
using 
an 
input 
port 
or 
pin 
as 
the 
source 
operand 
use the logic level of the pin itself. 
rather 
than 
the 


output 
latch 
contents. 
This 
level 
" affected 
b~ both 
the 
microcomputer 
itself 
and 
whatever 
dev ice 
the 
pin" 
connected 
to exter nallv , The 
value 
read 
is essentiallv 
the 
"OR-tied" 
function 
of'QI 
and 
the external 
device. 
if the 
external 
dcv ice is high-impedence. 
such 
as a logic 
gate 


input 
or 
a 
three 
state 
output 
in 
the 
third 
state. 
then 


reading 
a pin will reflect 
the logic level previously 
output. 


To 
use 
a pin 
for 
input. 
the 
corresponding 
output 
latch 


must 
he set. 
The 
external 
device 
may 
then 
drive 
the 
pin 
with 
either 
a high 
or low logic SIgnal. 
Thus 
the same 
port 


may 
be used 
as both 
input 
and 
output 
by writing 
ones 
to 
all pins 
used as inputs 
on output 
operations. 
and 
ignoring 
all pins 
used 
as output 
on 
an 
input 
operation 


In o ne operand 
instructions 
(INC, 
DEC, 
DJNZ 
and 
the 


Boolcan 
CPl.) 
the output 
latch 
rather 
than 
the input 
pin 


level 
is used 
as the 
source 
data. 
Similarly. 
two 
operand 


instructions 
using 
the 
port 
as 
both 
one 
source 
and 
the 
destination 
(ANI.. 
ORI.. 
XRI.) 
use the 
output 
latches. 


Fhis ensures 
that 
latch 
bits corresponding 
to pins 
used as 


inputs 
will not 
be cleared 
in the process 
of executing 
these 


instructions. 


The 
Boolean 
operation 
JBC 
tests 
the 
output 
latch 
bit. 
rather 
than 
the 
input 
pin. 
in deciding 
whether 
or not 
to 


jump. 
l.ikc 
the 
byte-wise 
logical 
operations. 
Boo lean 


operations 
which 
modify 
individual 
pins 
of a port 
leave 
the 
other 
hits 
of the 
output 
latch 
unchanged. 


A good 
example 
of how 
these 
modes 
may 
play 
together 


rnav 
he taken 
from 
the host-processor 
interface 
expected 
h\ an 824) 
I 0 expander. 
Even 
though 
the 805 I does 
not 


include 
X04X-type 
instructions 
for 
interfacing 
with 
an 


824.1. the parts 
can 
be interconnected 
(Figure 
23) and 
the 


protocol 
may 
be emulated 
with 
simple 
software. 


Example 
30- 
Mixing 
Parallel 
Output. 
Input. 
and' 


Control 
Strobes 
on 
Port 
2 


:rlB&'43 
INf",r 
O,Qo1o fCt<'JM A'I 
13;'·; 
f 
.~ 
r~J>""NOH> 
CONt-IEe H"') 
TO F<.2.1-P;::" 


p.;.> .•.• -, 
P-'" 
MIMIC 
CS 
• 
PII;:'.; 


P['-P2o 
USED 
AS 
INP'H~ 


T 1 
"tr 
RE'"'O 
IN 
~ 


., 
.\ 
IOIQcr. 
jf:' 


I .'. 
A 
OUTPUT 
I NSTFI'1JC 
T 101' 
(ODr 


::;.'" 
~-, 
ol 
l' .•••lLIt~G 
t::OCe: r)F 
PRn(, 
CPI 
1';::.IIOOOOII11B 
.SET 
FO,", 
I NI-'IJ " 


oo . 
,\ 
f';: 
Rt .• /oll 
1Nl-V! 
DAT.~ 


SI. '" 
I';' 
ol 
IIErl)~N 
H.QC 
HI 
••.• 


3£::,'" 
p;'., 
.pr sn t;:(! 
CHII' 


Serial Port and Timer applications 


Configuring 
the 
805 l's Serial 
Port 
for a given 
data 
rate 


and 
protocol 
requires 
essentially 
three 
short 
sections 
of 


soft ware. 
On power-up 
or hardware 
reset 
the serial 
port 


and 
timer 
control 
words 
must 
be 
mitialized 
to 
the 


appropriate 
values. 
Additional 
software 
is also 
needed 
in 


the 
transmit 
routine 
to load 
the serial 
port 
data 
register 


and 
in the receive 
routine 
taunload 
the data 
as it arrives. 


This 
is best 
illustrated 
through 
an 
arbitrary 
example. 
Assume 
the 
8051 
will 
communicate 
with 
a 
CRT 
operating 
at 2400 baud 
(bits 
per second). 
Each 
character 


i, transmitted 
as seven 
data 
bits. 
odd 
parity. 
and one stop 
bit. 
This 
results 
in 
a 
character 
rate 
of 
2400 
10=240 


characters 
per 
second. 


For 
the 
sake 
of 
clarity. 
the 
transmit 
and 
receive 
subroutines 
are driven 
by simple-minded 
software 
status 


polling 
code 
rather 
than 
interrupts. 
(It might 
help to refer 


back 
to 
Figures 
7-9 showing 
the control 
word 
formats.) 
The 
serial 
port 
must 
be initialized 
to 8-bit 
UA R T mode 
(MO. 
M 1=01). 
enabled 
10 receive 
all 
messages 
(M2=0. 


R EN= I). The 
flag 
indicating 
that 
the transmit 
register 
is 


free for more 
data 
will be artificially 
set in order 
to let the 
output 
software 
know 
the 
output 
register 
is available. 


This 
can 
all 
be set 
up with 
one 
instruction. 


Example 
3 I - 
Serial 
Port 
Mode 
and 
Control 
Bits 


,SPINIT 
INITIALllE 
SERIAL 
PORT 
FOR 
e-a 
I T 
VART 
/"ION 


" 
SET 
TRANSMIT 
READY 
FLAC 


SCaN, 
.010100108 


8351 
8751 


8243 
P. 


P2.7 
} INPUTS 
P2.6 


P2.5 
CS 
P' 
P2.4 
PAOG 


P2.3 
P23 
P' 
P2.2 
P22 
P2.1 
P21 
P2.0 
P20 
P7 


F.igure 23. Connecting an 8051 with an 8243 
1/0 Expander 
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Timer 
I will be used in auto-reload 
mode as a data rate 
generator. 
To achieve a data rate of 2400 baud. the timer 
must divide the 
I M Hz internal 
clock by 32 x (desired 
data rate): 


I x 10" 
(32) (2400) 


which 
equals 
0.02 
rounded 
down 
to 
13 instruction 
cycles. The timer 
must reload the value -13. or OF3H. 


(ASMSI 
will accept 
both the signed decimal 
or hexa- 
decimal 
representations.) 


Example 
32 -Initializing 
Timer Mode and Control 
Bit! 


. r r INIT 
INITIALIZE 
TtP£R 
1 
FOR 
AUTO-RELOAD 
AT 
32_2400 
Hl 
ITO 
USED 
AS 
QATED 
16-81T 
COVHTER 
I 


TlJNJT 
I"ICV 
""V 
SETB 


TeON •• 
110100108 
TH1 •• 
-13 
T'1 


A simple subroutine 
to transmit the character passed to it 
in the accumulator 
must first compute 
the parity 
bit. 


insert it into the data byte. wait until the transmitter 
is 


available. 
output the character. 
and return. This is nearly 
as easy said as done. 


Example 
33 -Code 
for UART Output. 
Adding 
Parity. 


Transmitter 
Loading 


.SP 
OUT 
ADD 
ODD 
PM 
ITV 
TO 
Ace 
AND 


- 
TRANsrUT 
WHEN 
SERI"l. 
PORT 
READY 


SP 3)1JT 
110\1 
CPL 
""V 
.JNB 


CL' 
"OV 
'ET 


C. P 
C 
ACC 
7. 
C 
TJ, 
• 


T1 
SDUF. 
A 


A simple 
minded 
routine 
to wait until a character 
is 
received. set the carry flag if there is an odd-parity 
error. 
and return the masked seven-bit code in the accumulator 
is equally short. 


Example 
34-Code 
for UART 
Reception 
and Parity 
Verification 


. SP _IN 
INPUT 
NEXT 
CHARACTER 
FRO'"' 
SERIAL 
PORT 


SET 
CARRY 
IFF 
ODD-PARITY 
ERROR 


SP_IN 
JNB 


CL' 
MCV 
MCV 


CPL 


ANL 
'ET 


AI. 
• 


RI 
A.5BUF 
C. P 
C 
A .• 
7FH 


6. SUMMARY 


This Application 
ote has described 
the architecture. 


instruction 
set. and on-chip 
peripheral 
features 
of the 


first 
three 
members 
of the 
MCS-SI'· 
microcomputer 
family. The examples 
used throughout 
were admittedly 


(and necessarily) 
very simple. Additional 
examples 
and 
techniques 
may be found in the MCS-SI ,. User's Manual 
and other application 
notes written for the MCS-48'· and 
MCS-SI'· 
families. 


Since its introduction 
in 1977. the MCS-48'· 
family has 
become 
the 
industry 
standard 
single-chip 
microcomputer. 
The MCS-SI ,. architecture 
expands 
the 
addressing 
capabilities 
and 
instruction 
set 
of 
its 


predecessor 
while ensuring 
flexibility for the future. and 
maintaining 
basic software 
compatability 
with the past. 


Designers 
already familiar with the 8048 or 8049 will be 
able to take 
with them 
the education 
and experience 
gained 
from 
past 
designs 
as 
ever-increasing 
system 
performance 
demands 
force them to move on to state-of- 
the-art 
products. 
I ewcomers 
will find the power 
and 
regularity 
of the 80S I instruction 
set an advantage 
in 


streamlining 
both the learning 
and design processes. 


Microcomputer 
system designers will appreciate 
the 80S I 
as basically 
a single-chip 
solution 
to many 
problems 


which 
previously 
required 
board-level 
computers. 


Designers of real-time control 
systems will find the high 
execution 
speed. 
on-chip 
peripherals. 
and 
interrupt 
capabilities 
vital 
in meeting 
the timing 
constraints 
of 
products 
previously 
requiring discrete logic designs. And 
designers of industrial 
controllers 
will be able to convert 
ladder 
diagrams 
directly 
from tested-and-true 
TTL or 
relay-logic designs to microcomputer 
software. thanks to 


the unique 
Boolean 
processing 
capabilities. 


It has not been the intent of this note to gloss mer 
the 
difficulty of designing microcomputer-based 
systems. To 
be sure. the hardware 
and software design aspects of any 
new computer 
system are nontrivial 
tasks. However. the 
system speed and level of integration 
of the MCS-SI 
r • 
microcomputers. 
the 
power 
and 
Ilexibility 
or 
the 


instruction 
set. and the sophisticated 
assembler and other 


support 
products 
combine to give both the hardware 
and 
software designer as much of a head start on the problem 
as possible. 
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The Intel rnicrocontroller 
farnily now has three new 
rnernbers: the Intel@ 8031, 8051, and 8751 single-chip 
rnicrocornputers. These devices, shown in Figure I, will 
allow whole new classes of products to benefit frorn 
recent advances in Integrated Electronics. Thanks to 
Intel's new HMOS technology, they provide larger pro- 
grarn and data rnernory spaces, rnore flexible 1/0 and 
peripheral capabilities, greater speed, and lower systern 
cost than any previous-generation 
single-chip rnicro- 
cornputer. 


Pl.0 
- 
- vcc 


Pl.l 
- 
- 
po.o 


Pl.2 
- 
- 
PO.l 


Pl.3 
- 
- 
PO.2 


Pl.4 
- 
- 
PO.3 


Pl.5 
- 
- 
PO.4 


Pl.6 
- 
- 
PO.5 


Pl.7 
- 
- 
PO.6 


RST 
- 
- 
PO.7 


P3.0/RXD 
- 
- 
vpp/EA 


P3.1/TXD 
- 
- 
JSmm/ALE 


P3.2/iNTO 
- 
- 
PSEN 


P3.3/1NTI 
- 
- 
P2.7 


P3.4/TO 
- 
- 
P2.6 


P3.5/T1 
- 
- 
P2.5 


P3.6/WR 
- 
- 
P2.4 


P3.7/RO 
- 
- 
P2.3 


XTAL2 
- 
- 
P2.2 


XTALl 
- 
- 
P2.1 


vss - 
- 
P2.0 
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Figure 1.8051 Family Pinout Diagram 


Table 1 surnrnarizes the quantitative 
differences be- 
tween the rnernbers of the MCS@-48and 8051 farnilies. 
The 8751 contains 4K bytes of EPROM prograrn rnern- 
ory fabricated on-chip, while the 8051 replaces the 
EPROM 
with 
4K 
bytes 
of 
lower-cost 
rnask- 
prograrnrned ROM. The 8031 has no prograrn rnernory 
on-chip; instead, it accesses up to 64K bytes of prograrn 
rnernory frorn external rnernory. Otherwise, the three 
new farnily rnernbers are identical. Throughout 
this 
Note, the terrn "8051" will represent all rnernbers of the 
8051 Family, unless specifically stated otherwise. 


The CPU in each microcornputer is one of the indus- 
try's fastest and rnost efficient for numerical calcula- 
tions on byte operands. But controllers often deal with 
bits, not bytes: in the real world, switch contacts can 
only be open or closed, indicators should be either lit or 
dark, rnotors are either turned on or off, and so forth. 
For such control situations the rnost significant aspect 
of the MCS@-51 architecture is its complete hardware 
support for one-bit, or Boolean 
variables (narned in 
honor of Mathernatician George Boole) as a separate 
data type. 


The 8051 incorporates 
a nurnber of special features 
which support the direct rnanipulation and testing of 
individual bits and allow the use of single-bit variables 
in performing logical operations. Taken together, these 
features are referred to as the MCS-51 Boolean 
Proces- 
sor. While the bit-processing capabilities alone would be 
adequate to solve rnany control applications, their true 
power comes when they are used in conjunction with 
the rnicrocornputer's byte-processing and numerical ca- 
pabilities. 


Many concepts ernbodied by the Boolean Processor will 
certainly be new even to experienced rnicrocornputer 
systern designers. The purpose of this Application Note 
is to explain these concepts and show how they are 
used. 


For detailed information on these parts refer to the In- 
tel Microcontroller 
Handbook, order number 210918. 


The instruction set, assernbly language, and use of the 
8051 assernbler (ASM51) are further described in the 
MCS@-51 Macro Assembler User's Guide for DOS 
Systems, order nurnber 122753. 


Table 1. Features of Intel's Single-Chip Microcomputers 


EPROM 
ROM 
External 
Program 
Data 
Instr. 
Input! 
Program 
Program 
Program 
Memory 
Memory 
Cycle 
Output 
Interrupt 
Reg. 


Memory 
Memory 
Memory 
(Int!Max) 
(Bytes) 
Time 
Pins 
Sources 
Banks 


8748 
8048 
8035 
1K4K 
64 
2.5/Ls 
27 
2 
2 
- 
8049 
8039 
2K4K 
128 
1.36/Ls 
27 
2 
2 
8751 
8051 
8031 
4K64K 
128 
1.0/Ls 
32 
5 
4 
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2.0 
BOO LEAN 
PROCESSOR 
OPERATION 


The Boolean Processing capabilities of the 8051 are 
based on concepts which have been around for some 
time. Digital computer systems of widely varying de- 
signs all have four functional elements in common (Fig- 
ure 2): 


• a central processor (CPU) with the control, timing, 


and logic circuits needed to execute stored instruc- 
tions: 


• a memory to store the sequence of instructions mak- 


ing up a program or algorithm: 


• data memory to store variables used by the pro- 
gram: 
and 
• some means of communicating 
with the outside 


world. 


The CPU usually includes one or more accumulators or 
special registers for computing or storing values during 
program 
execution. 
The instruction 
set of such 
a 


processor generally includes, at a minimum, operation 
classes to perform arithmetic or logical functions on 
program variables, move variables from one place to 
another, cause program execution to jump or condi- 
tionally branch based on register or variable states, and 
instructions to call and return from subroutines. The 
program and data memory functions sometimes share a 
single memory space, but this is not always the case. 
When the address spaces are separated, program and 
data memory need not even have the same basic word 
width. 


A digital computer's 
flexibility comes in part from 
combining simple fast operations to produce more corn- 


plex (albeit slower) ones, which in turn link together 
eventually solving the problem at hand. A four-bit CPU 
executing multiple precision subroutines can, for exam- 
ple, perform 64-bit addition and subtraction. The sub- 
routines could in turn be building blocks for floating- 
point multiplication and division routines. Eventually, 
the four-bit CPU can simulate a far more complex "vir- 
tual" machine. 


In fact, any digital computer with the above four func- 
tional elements can (given time) complete any algo- 
rithm (though the proverbial room full of chimpanzees 
at word processors might first re-create Shakespeare's 
classics and this Application Note)! This fact offers lit- 
tle consolation to product 
designers who want pro- 
grams to run as quickly as possible. By definition, a 
real-time 
control 
algorithm 
must 
proceed 
quickly 
enough to meet the preordained speed constraints of 
other equipment. 


One of the factors determining how long it will take a 
microcomputer to complete a given chore is the num- 
ber of instructions it must execute. What makes a given 
computer architecture particularly well- or poorly-suit- 
ed for a class of problems is how well its instruction set 
matches the tasks to be performed. The better the 
"primitive" operations correspond to the steps taken by 
the control algorithm, the lower the number of instruc- 
tions needed, and the quicker the program will run. All 
else being equal, a CPU supporting 64-bit arithmetic 
directly could clearly perform floating-point math fast- 
er than a machine bogged-down by multiple-precision 
subroutines. In the same way, direct support for bit 
manipulation 
naturally 
leads to more efficient pro- 
grams handling the binary input and output conditions 
inherent in digital control problems. 


TIMING 
& 
CONTROL 


PROGRAM 
MEMORY 


ACCUMULATOR 


& REGISTERS 


CENTRAL 
PROCESSING 
UNIT 


DATA 
MEMORY 


203830-2 


INPUTI 
OUTPUT 
PORTS 


REAL 
WORLD 


Figure 2_Block Diagram for Abstract 
Digital Computer 
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Processing 
Elements 


The introduction 
stated 
that the 8051's bit-handling 
ca- 
pabilities 
alone 
would 
be sufficient 
to solve some con- 


trol applications. 
Let's see how the four basic elements 
of a digital 
computer-a 
CPU with associated 
registers, 
program 
memory, 
addressable 
data RAM, 
and I/O ca- 
pability-relate 
to Boolean 
variables. 
. 


cpu. The 8051 CPU incorporates 
special logic devoted 
to executing 
several 
bit-wide 
operations. 
All told, there 
are 
17 such 
instructions, 
all 
listed 
in Table 
2. Not 
shown are 94 other (mostly 
byte-oriented) 
8051 instruc- 
tions. 


Program 
Memory. 
Bit-processing 
instructions 
are 
fetched 
from the same program 
memory 
as other arith- 
metic and logical operations. 
In addition 
to the instruc- 


Table 
2. MCS-51TM 
Boolean 
Processing 
Instruction 
Subset 


Mnemonic 
Description 
Byte 
Cyc 


SETB 
C 
Set Carry flag 
1 
1 
SETB 
bit 
Set direct Bit 
2 
1 
CLR 
C 
Clear Carry flag 
1 
1 
CLR 
bit 
Clear direct bit 
2 
1 
CPL 
C 
Complement 
Carry flag 
1 
1 
CPL 
bit 
Complement 
direct bit 
2 
1 


MOV 
C.bit 
Move direct bit to Carry flag 
2 
1 
MOV 
bit.C 
Move Carry flag to direct bit 
2 
2 


ANL 
C.bit 
AND direct bit to Carry flag 
2 
2 
ANL 
C.bit 
AND complement 
of direct 
2 
2 
bit to Carry flag 
ORL 
C.bit 
OR direct bit to Carry flag 
2 
2 
ORL 
C.bit 
OR complement 
of direct 
2 
2 
bit to Carry flag 


JC 
rei 
Jump if Carry is flag is set 
2 
2 
JNC 
rei 
Jump if No Carry flag 
2 
2 
JB 
bit.rel 
Jump if direct Bit set 
3 
2 
JNB 
bit.rel 
Jump if direct Bit Not set 
3 
2 
JBC 
bit.rel 
Jump if direct Bit is set & 
3 
2 
Clear bit 


Address 
mode 
abbreviations 


C-Carry 
flag. 


bit-128 
software 
flags, any I/O pin, control 
or status 
bit. 
rei-Ail 
conditional 
jumps 
include 
an 8-bit offset 
byte. 
Range 
is + 127 - 128 bytes relative to first byte of the 
following instruction. 


All mnemonics 
copyrighted© 
Intel 
Corporation 
1980. 


tions of Table 
2, several 
sophisticated 
program 
control 
features 
like 
multiple 
addressing 
modes, 
subroutine 
nesting, 
and a two-level 
interrupt 
structure 
are useful in 
structuring 
Boolean 
Processor-based 
programs. 


Boolean 
mstrucnons 
are one, two, or three 
bytes long, 
depending 
on what 
function 
they 
perform. 
Those 
in- 


volvin 
0 ly the 
carry 
flag 
have 
either 
a single-byte 
opcode 
or an opcode 
followed 
by a conditional-branch 
destination 
byte (Figure 
3a). The more general 
instruc- 
tions 
add 
a "direct 
address" 
byte 
after 
the opcode 
to 


specify 
the bit atTected, yielding 
two or three 
byte en- 
codings 
(Figure 
3b). Though 
this format 
allows 
poten- 
tially 
256 directly 
addressable 
bit locations, 
not all of 
them 
are implemented 
in the 8051 family. 


opcode 


SETBC 
CLRC 
CPLC 


I displacement 
I 
opcode 


JC 
JNC 
rei 
rei 


a.) Carry 
Control 
and 
Test 
Instructions 


opcode 
I I 
bit address 


SETB 
CLR 
CPL 
ANLC, 
ANLC,! 


ORLC, 
ORLC,! 


MOVC, 
MOV 


bit 
bit 
bit 
bit 
bit 
bit 
bit 
bit 
bit,C 


opcode 
I I 
bit address 
I displacement 
I 


JB 
bit, 
rei 
JNB 
bit, 
rei 
JBC 
bit. 
rei 


b.) Bit Manipulation 
and 
Test 
Instructions 


Figure 
3. Bit Addressing 
Instruction 
Formats 
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RAM 
8yte 
(MS8) 
(LS8) 


Direct 
Bit Addrellea 
Hardware 
Byte 
Register 
Add.ell 
(MS8) 
(LS8) 
Symbol 


OFFH 


OFOH 
F7 
FO 
8 


OEOH 
E7 
EO 
ACC 


OOOH 
07 
DO 
PSW 


OB8H 
88 
IP 


OBOH 
87 
80 
P3 


OA8H 
AF 
A8 
lE 


OAOH 
A7 
AO 
P2 


98H 
9F 
98 
SCON 


90H 
97 
90 
Pt 


88H 
8F 
88 
TCON 


80H 
87 
80 
PO 


a.) RAM Bit Addresses 


Figure 4. Bit Address Maps 


203830-3 
b.) Special Function Register Bit Addresses 


Data Memory. The instructions 
in Figure 3b can oper- 
ate directly 
upon 144 general purpose 
bits forming the 
Boolean processor 
"RAM." 
These bits can be used as 
software flags or to store program 
variables. Two oper- 
and instructions 
use the CPU's 
carry 
flag ("C") 
as a 
special one-bit register: in a sense, the carry is a "Boole- 
an accumulator" 
for logical operations 
and data trans- 
fers. 


7FH~ 


2FH 


-..;:;... 
'- 


7F 
7E 
70 
7C 
78 
7A 
79 
78 


77 
76 
75 
74 
73 
72 
71 
70 


6F 
6E 
60 
6C 
68 
6A 
69 
68 


67 
66 
65 
64 
63 
62 
61 
60 


SF 
SE 
50 
5C 
58 
SA 
59 
58 


57 
56 
55 
54 
53 
52 
51 
50 


4F 
4E 
,40 
4C 
48 
4A 
49 
48 


47 
46 
45 
44 
43 
42 
41 
40 


3F 
3E 
3D 
3C 
38 
3A 
39 
38 


37 
36 
35 
34 
33 
32 
31 
30 


2F 
2E 
20 
2C 
28 
2A 
29 
28 


27 
26 
25 
24 
23 
22 
21 
20 


IF 
lE 
10 
lC 
18 
lA 
19 
18 


17 
16 
15 
14 
13 
12 
11 
10 


OF 
OE 
00 
OC 
08 
OA 
09 
08 


07 
06 
05 
04 
03 
02 
01 
00 


8ank 
3 


8ank 
2 


8ank 
1 


8ankO 


2EH 


20H 


2CH 


28H 


2AH 


29H 


28H 


27H 


26H 


25H 


24H 


23H 


22H 


21H 


20H 


lFH 


18H 
17H 


IOH 
OFH 


08H 
07H 


00 


Input/Output. 
All 32 I/O pins can be addressed 
as indi- 
vidual 
inputs, 
outputs, 
or both, 
in any combination. 
Any pin can be a control 
strobe output, 
status 
(Test) 
input, or serial I/O 
link implemented 
via software. An 
additional 
33 individually 
addressable 
bits reconfigure, 
control, 
and monitor 
the status of the CPU and all on- 
chip peripheral 
functions 
(timer 
counters, 
serial 
port 
modes, interrupt 
logic, and so forth). 
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(MS B) 
(LSB) 


I CV I AC I FO I RS1 I RSO I OV I - 
I P I 


Symbol Position Name and Significance 


CY 
PSW.7 
Carry flag. 
Set/ cleared 
by 
hardware 
or 
software 
during certain 
arithme- 
tic and logical 
instructions. 


AC 
PSW.6 
Auxiliary Carry flag. 
Set/ cleared 
by hardware 
during 
addition 
or subtraction 
instruc- 
tions to indicate 
carry or borrow 
out of bit 3. 


FO 
PSW.5 
Flag O. 
Set/cleared/tested 
by software 
as a user-defined 
status flag. 


RS1 
PSWA 
Register 
bank 
Select 
control 
bits. 


RSO 
PSW.3 
1 & O. Set/cleared 
by software 
to 
determine 
working 
register 
bank (see Note). 


OV 
PSW.2 
Overflow 
flag. 
Set/ cleared 
by hardware 
during 
arithmetic 
instructions 
to 
indi- 
cate overflow 
conditions. 


(reserved) 


Parity flag. , 
Set/ cleared 
by hardware 
each 
instruction 
cycle 
to indicate 
an 
odd/even 
number 
of "one" 
bits 
in the 
accumulator, 
i.e., 
even 
parity. 


the contents 
of (RS 1, RSO) en- 
able the working 
register 
banks 
as follows: 
(0,0) - Bank 0 
(0,1) - Bank 1 
(1,0) - Bank 2 
(1,1) - Bank 3 


(00H-07H) 
(OBH-OFH) 
(10H-17H) 
(1BH-1FH) 


Figure 5. PSW-Program 
Status Word Organization 


P 


PSW.1 


PSW.O 


Note- 


(MSB) 
(LSB) 
I RD I WR I T1 I TO IINT1 I INTO I TXD I RXD I 


Symbol Position Name and Significance 


RD 
P3.7 
Read data control 
output. 


Active 
low pulse 
generated 
by 
hardware 
when 
external 
data 
memory 
is read. 


WR 
P3.6 
Write data control 
output. 


Active 
low pulse 
generated 
by 
hardware 
when 
external 
data 
memory 
is written. 


T1 
P3.5 
Timer/counter 
1 external 
input 
or test pin. 


TO 
P3.4 
Timer/counter 
0 external 
input 
or test pin. 


INT1 
P3.3 
Interrupt 
1 input pin. 
Low-level 
or 
falling-edge 
trig- 
gered. 


Interrupt 
0 input pin. 
Low-level 
or 
falling-edge 
trig- 
gered. 


Transmit 
Data pin for serial port 
in UART 
mode. 
Clock 
output 
in 
shift register 
mode. 


Receive 
Data pin for serial port 
in UART 
mode. 
Data I/O 
pin in 
shift register 
mode. 


Direct Bit Addressing 


Figure 6. P3-Alternate 
I/O Functions of Port 3 


The most significant bit of the direct address byte se- 
lects one of two groups of bits. Values between 0 and 
127 (OOHand 7FH) define bits in a block of 32 bytes of 
on-chip RAM, between RAM addresses 20H and 2FH 
(Figure 4a). They are numbered consecutively from the 
lowest-order byte's lowest-order bit through the high- 
est-order byte's highest-order bit. 


INTO 
P3.2 


TXD 
P3.1 


RXD 
P3.0 


Bit addresses between 128 and 255 (80H and OFFH) 
correspond to bits in a number of special registers, 
mostly used for I/O or peripheral control. These posi- 
tions are numbered with a different scheme than RAM: 
the five high-order address bits match those of the reg- 
ister's own address, while the three low-order bits iden- 
tify the bit position within that register (Figure 4b). 
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Notice the column labeled "Symbol" in Figure 5. Bits 
with special meanings in the PSW and other registers 
have corresponding symbolic names. General-purpose 
(as opposed to carry-specific) instructions may access 
the carry like any other bit by using the mnemonic CY 
in place of C, PO, PI, P2, and P3 are the 8051's four 
I/O ports: secondary functions assigned to each of the 
eight pins of P3 are shown in Figure 6. 


Figure 7 shows the last four bit addressable registers. 
TCON (Timer Control) and SCON (Serial port Con- 
trol) control and monitor the corresponding peripher- 
als, while lE (Interrupt Enable) and IP (Interrupt Pri- 
ority) enable and prioritize the five hardware interrupt 
sources. Like the reserved hardware register addresses, 


the five bits not implemented in lE and IP should not 
be accessed: they can not be used as software flags. 


Addressable 
Register 
Set. There are 20 special function 


registers in the 8051, but the advantages of bit address- 
ing only relate to the 11 described below. Five poten- 
tially bit-addressable register addresses (OCOH,OC8H, 
OD8H, OE8H, & OF8H) are being reserved for possible 
future 
expansion 
in microcomputers 
based on the 


MCS-51 architecture. Reading or writing non-existent 
registers in the 8051 series is pointless, and may cause 
unpredictable results. Byte-wide logical operations can 
be used to manipulate bits in all non-bit 
addressable 


registers and RAM. 


2-38 


intele 
AP-70 


(MSB) 
(LSB) 


I TF1 I TR1 I TFO I TRO IIE1 
IIT1 
IIEO IITOl 
TCON.3 Interrupt 1 Edge flag. 
Set by hardware when external 
interrupt 
edge 
detected. 


Symbol Position Name and Significance 
Cleared when interrupt process- 


TF1 
TCON.7 Timer 1 overflow Flag. 
ed.· 


Set by hardware on timer/coun- 
IT1 
TCON.2 Interrupt 1 Type control bit. 


ter overflow. Cleared when in- 
Set/cleared 
by 
software 
to 
terrupt processed. 
specify falling edge/low 
level 
TCON.6 Timer 1 Run control bit. 
triggered external interrupts. 


Set/cleared by software to turn 
IEO 
TCON,.1 Interrupt 0 Edge flag. 
timer/counter on/off. 
Set by hardware when external 
TCON.5 Timer 0 overflow Flag. 
interrupt 
edge 
detected. 


Set by hardware on timer/ coun- 
Cleared when interrupt process- 


ter overflow. Cleared when in- 
ed. 
terrupt processed. 
ITO 
TCON.O Interrupt 0 Type control bit. 


TCON.4 Timer 0 Run control bit. 
Set/cleared 
by 
software 
to 
Set/cleared by software to turn 
specify falling edge/Iow 
level 


timer/counter on/ off. 
triggered external interrupts. 


a.) TCON- Timer/Counter 
Control/Status 
Register 


IE1 


TR1 


TFO 


TRO 


(MSB) 
(LSB) 


I SMO I SM1 I SM2 I REN I TBS I RBS I TI I RI I 


SCON.2 
RB8 
Receive Bit 8. 
Set/ cleared by hardware to indi- 
cate state of ninth data bit re- 
ceived. 
Symbol Position Name and Significance 
SMO 
SCON.7 Serial port Mode control bit o. 


Set/cleared 
by software (see 
note). 
SCON.6 Serial port Mode control bit 1. 


Set/cleared 
by software (see 
note). 
SCON.5 Serial port Mode control bit 2. 
Set by software to disable re- 
ception of frames for which bit 8 
is zero. 


REN 
SCON.4 Receiver Enable control bit. 


Set/ cleared by software to en- 
able/disable serial data recep- 
tion. 
SCON.3 Transmit Bit 8. 
Set/ cleared by hardware to de- 
termine state of ninth data bit 
transmitted in s-blt UART mode. 
b.) SCON-Serlal 
Port Control/Status 
Register 


SCON.1 
TI 
Transmit Interrupt flag. 
Set 
by 
hardware when 
byte 
transmitted. 
Cleared 
by 
soft- 


ware after servicing. 


Receive Interrupt flag. 
Set by hardware when byte re- 
ceived. Cleared by software af- 
ter servicing. 


the state of (SMO,SM1) selects: 
(O,O)-Shift register I/O 
expansion. 
(0,1)-8-bit 
UART, variable 
data rate. 


(1,O)-9-bit UART, fixed data 
rate. 


(1,1)-9-bit 
UART, variable 
data rate. 


SM1 
RI 
SCON.O 


SM2 


Note- 


TB8 


Figure 7. Peripheral Configuration 
Registers 
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c.) lE-Interrupt 
Enable Register 


(MSB) 
(LSB) 


1 EA 
1 
- 
1 
- 
1 ES 
1 ET1 
1 EX1 
1 ET1 
1 EXO 1 


Symbol 
Position 
Name and Significance 


EA 
1E.7 
Enable Ail control bit. 
Cleared by software to disable 
ail 
interrupts, 
independent 
of 
the state of IE.4-IE.O. 


1E.6 
(reserved) 


1E.5 


ES 
IE.4 
Enable Serial port control bit. 
Set! cleared by software to en- 
able/ disable interrupts 
from TI 
or RI flags. 


ET1 
1E.3 
Enable Timer 1 control bit. 
Set! cleared by software to en- 
able/disable 
interrupts from tim- 
er/counter 
1. 


(MSB) 
(LSB) 


1- 
1 
- 
1 
- 
1 PS I PT1 I PX1 
1 PTO 1 PXO 1 


EX1 
Enable External interrupt 1 con- 
trol bit. Set! cleared by software 
to 
enable/ disable 
interrupts 
from INT1. 


Enable Timer 0 control bit. 
Set! cleared by software to en- 
able/disable 
interrupts from tim- 


er/counter 
O. 


Enable External interrupt 0 con- 
trol bit. Set! cleared by software 
to 
enable/disable 
interrupts 
from INTO. 


1E.2 


ETO 
1E.1 


EXO 
IE.O 


Symbol 
Position 
Name and Significance 
PX1 
IP.2 
External interrupt 1 Priority con- 


IP.7 
(reserved) 
trol bit. Set!cleared 
by software 
IP.6 
(reserved) 
to specify high/Iow priority inter- 
IP.5 
(reserved) 
rupts for INT1. 


PS 
IP.4 
Serial port Priority control bit. 
PTO 
IP.1 
Timer 0 Priority control bit. 


Set/ cleared 
by 
software 
to 
Set! cleared 
by 
software 
to 
specify 
high/Iow 
priority 
inter- 
specify 
high/Iow 
priority 
inter- 


rupts for Serial port. 
rupts for timer/counter 
O. 


PT1 
IP.3 
Timer 1 Priority control bit. 
PXO 
IP.O 
External interrupt 0 Priority con- 
Set! cleared 
by 
software 
to 
trol bit. Set! cleared by software 
specify 
high/low 
priority 
inter- 
to specify high/Iow priority inter- 


rupts for timer/counter 
1. 
rupts for INTO. 


d.) lP-Interrupt 
Priority 
Control 
Register 


Figure 7. Peripheral 
Configuration 
Registers 
(Continued) 


The accumulator and B registers (A and B) are normal- 
ly involved in byte-wide arithmetic, but their individual 
bits can also be used as 16 general software flags. Add- 
ed with the 128 flags in RAM, this gives 144 general 
purpose variables for bit-intensive programs. The pro- 
gram status word (PSW) in Figure 5 is a collection of 
flags and machine status bits including the carry flag 
itself. Byte operations acting on the PSW can therefore 
affect the carry. 


Instruction Set 


Having looked at the bit variables available to the Boo- 
lean Processor, we will now look at the four classes of 


instructions that manipulate these bits. It may be help- 
ful to refer back to Table 2 while reading this section. 


State 
Control. Addressable bits or flags may be set, 
cleared, or logically complemented in one instruction 
cycle with the two-byte instructions SETB, CLR, and 
CPL. (The "B" affixed to SETB distinguishes it from 
the assembler "SET" directive used for symbol defini- 
tion.) SETB and CLR are analogous to loading a bit 
with a constant: 1or O.Single byte versions perform the 
same three operations on the carry. 


The MCS-51 assembly language specifies a bit address 
in any of three ways: 
• by a number or expression corresponding to the di- 
rect bit address (0-255): 
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•• by the name or address of the register containing the 
bit, the dot operator symbol (a period: "."), and the 
bit's position in the register (7-0): 


•• in the case of control and status registers, by the 
predefined assembler symbols listed in the first col- 
umns of Figures 5-7. 


Bits may also be given user-defined names with the as- 
sembler "BIT" 
directive and any of the above tech- 
niques. For example, bit 5 of the PSW may be cleared 
by any of the four instructions. 


USR_FLG BIT 
PSW.5 
User Symbol Definition 


CLR 
OD5H 
Absolute Addressing 
CLR 
PSW.5 
Use of Dot Operator 
CLR 
FO 
Pre-Defined 
Assembler 
Symbol 
CLR 
USR_FLG 
User-Defined 
Symbol 


Data 
Transfers. 
The two-byte MOY instructions can 
transport any addressable bit to the carry iri one cycle, 
or copy the carry to the bit in two cycles. A bit can be 
moved between two arbitrary locations via the carry by 
combining the two instructions. (If necessary, push and 
pop the PSW to preserve the previous contents of the 
carry.) These instructions can replace the multi-instruc- 
tion sequence of Figure 8, a program structure appear- 
ing in controller applications whenever flags or outputs 
are conditionally switched on or off. 


ISOLATE 


SOURCE 


BIT 


SET 


DES TIN A TlON 


BIT 


CLEAR 


DESTINATION 


BIT 


203830-4 


Figure 8. Bit Transfer 
Instruction 
Operation 


Logical 
Operations. 
Four instructions perform the logi- 
cal-Abll) 
and logical-OR operations between the carry 
and another bit, and leave the results in the carry. The 
instruction mnemonics are ANL and ORL; the absence 
or presence of a slash mark ("/") 
before the source 


operand indicates whether to use the positive-logic val- 
ue or the logical complement of the addressed bit. (The 
source operand itself is never affected.) 


Bit-test 
Instructions. 
The conditional jump instructions 


"JC rei" (Jump on Carry) and "JNC rel" (Jump on 
Not Carry) test the state of the carry flag, branching if 
it is a one or zero, respectively. (The letters "rei" de- 
note relative code addressing.) The three-byte instruc- 
tions "JB bit.rei" and "JNB bit.rel" (Jump on Bit and 
Jump on Not Bit) test the state of any addressable bit in 
a similar manner. 
A fifth instruction 
combines the 
Jump on Bit and Clear operations. "JBC bit.rel" condi- 
• 


tionally branches to the indicated address, then clears 
the bit in the same two cycle instruction. This operation 
·.isthe same as the MCSA8 "JTF" instructions. 


All 8051 conditional jump instructions 
use program 


counter-relative addressing, and all execute in two cy- 
cles. The last instruction 
byte encodes a signed dis- 
placement ranging from -128 to + 127. During execu- 
tion, the CPU adds this value to the incremented pro- 
gram counter to produce the jump destination. Put an- 
other way, a conditional jump to the immediately fol- 
lowing instruction would encode OOH in the offset byte. 


A section of program or subroutine written using only 
relative jumps to nearby addresses will have the same 
machine code independent of the code's location. An 
assembled routine may be repositioned anywhere in 
memory, even crossing memory page boundaries, with- 
out having to modify the program or recompute desti- 
nation addresses. To facilitate this flexibility, there is an 
unconditional "Short Jump" (SJMP) which uses rela- 
tive addressing as well. Since a programmer would have 
quite a chore trying to compute relative offset values 
from one instruction to another, ASM51 automatically 
computes the displacement needed given only the desti- 
nation address or label. An error message will alert the 
programmer if the destination is "out of range." 


The so-called "Bit Test" instructions implemented on 
many other microprocessors simply perform the logi- 
cal-AND operation between a byte variable and a con- 
stant mask, and set or clear a zero flag depending on 
the result. This is essentially equivalent to the 8051 
"MOY C.bit" instruction. A second instruction is then 
needed to conditionally branch based on the state of the 
zero flag. This does not constitute abstract bit-address- 
ing in the MCS-51 sense. A flag exists only as a field 
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within 
a register: 
to reference 
a bit the 
programmer 


must know and specify both the encompassing 
register 


and the bit's 
position 
therein. 
This constraint 
severely 


limits 
the flexibility 
of symbolic 
bit addressing 
and re- 


duces 
the machine's 
code-efficiency 
and speed. 


Interaction with Other Instructions. The 
carry 
flag is 


also atTected by the instructions 
listed in Table 3. It can 


be rotated 
through 
the accumulator, 
and 
altered 
as a 


side etTect of arithmetic 
instructions. 
Refer 
to the Us- 
er's Manual 
for details 
on how these instructions 
oper- 


ate. 


Simple Instruction Combinations 


By combining 
general 
purpose 
bit operations 
with cer- 


tain 
addressable 
bits, 
one can 
"custom 
build" 
several 


hundred 
useful 
instructions. 
All eight bits of the PSW 


can 
be tested 
directly 
with 
conditional 
jump 
instruc- 


tions to monitor 
(among 
other 
things) 
parity 
and over- 


flow 
status. 
Programmers 
can 
take 
advantage 
of 128 


software 
flags 
to keep 
track 
of operating 
modes, 
re- 
source 
usage, and so forth. 


The 
Boolean 
instructions 
are 
also 
the 
most 
efficient 


way to control 
or reconfigure 
peripheral 
and I/O 
regis- 


ters. All 32 I/O 
lines become 
"test 
pins," 
for example, 
tested by conditional 
jump 
instructions. 
Any output 
pin 


can be toggled 
(complemented) 
in a single instruction 


cycle. Setting or clearing 
the Timer 
Run flags (TRO and 


TR1) 
turn 
the 
timer/counters 
on or otT; polling 
the 


same 
flags elsewhere 
lets the 
program 
determine 
if a 


timer 
is running. 
The 
respective 
overflow 
flags (TFO 


and TFI) 
can be tested 
to determine 
when the desired 


period 
or count has elapsed, 
then cleared 
in preparation 


for the next repetition. 
(For the record, 
these bits are all 


part 
of the TCON 
register, 
Figure 
7a. Thanks 
to sym- 


bolic bit addressing, 
the programmer 
only needs to re- 


member 
the mnemonic 
associated 
with 
each 
function. 
In other 
words, 
don't 
bother 
memorizing 
control 
word 


layouts.) 


In the 
MCS-48 
family, 
instructions 
corresponding 
to 


some 
of the above 
functions 
require 
specific 
opcodes. 
Ten 
ditTerent 
opcodes 
serve 
to clear 
complement 
the 


software 
flags 
FO and 
FI, 
enable/disable 
each 
inter- 


rupt, 
and start/stop 
the timer. 
In the 8051 instruction 


set, just three opcodes 
(SETB, 
CLR, CPL) with a direct 
bit address 
appended 
perform 
the same functions. 
Two 


test instructions 
(JB and JNB) 
can be combined 
with 
bit addresses 
to test the software 
flags, the 
8048 I/O 


pins TO, T'l, and INT, 
and the eight accumulator 
bits, 
replacing 
15 more ditTerent instructions. 


Table 
4a shows 
how 
8051 programs 
implement 
soft- 
ware 
flag 
and 
machine 
control 
functions 
associated 


with 
special 
opcodes 
in the 
8048. 
In every 
case 
the 


MCS-51 
solution 
requires 
the same number 
of machine 


cycles, and executes 
2.5 times faster. 


Table 3. Other Instructions 
Affecting 
the Carry Flag 


Mnemonic 
Description 
Byte 


ADD 
A,Rn 
Add register to 
, 


Accumulator 
ADD 
A,direct 
Add direct byte to 
2 
Accumulator 
ADD 
A,@Ri 
Add indirect RAM to 
Accumulator 
ADD 
A,#data 
Add immediate data 
2 
to Accumulator 
ADDC A,Rn 
Add register to 
Accumulator with 
Carry flag 
ADDC A.direct 
Add direct byte to 
2 
Accumulator with 
Carry flag 
ADDC A.@Ri 
Add indirect RAM to 
Accumulator with 
Carry flag 
ADDC A.#data 
Add immediate data 
2 
to Acc with Carry flag 
SUBB 
A.Rn 
Subtract register from 
Accumulator with 
borrow 
SUBB 
Adirect 
Subtract direct byte 
2 
from Acc with borrow 
SUBB 
A.@Ri 
Subtract indirect RAM 
from Acc with borrow 
SUBB 
A.#data 
Subtract immediate 
2 
data from Acc with 
borrow 
MUL 
AB 
MultiplyA & B 
DIV 
AB 
DivideAbyB 
DA 
A 
Decimal Adjust 
Accumulator 


RLC 
A 
Rotate Accumulator 
Left through the Carry 
flag 
RRC 
A 
Rotate Accumulator 
Right through Carry 
flag 


CJNE 
A.direct.rel 
Compare direct byte 
3 
2 


to Acc & Jump if Not 
Equal 
CJNE 
A.# data. rei 
Compare immediate 
3 
2 


to Acc & Jump if Not 
Equal 
CJNE 
Rn. # data. rei 
Compare immed to 
3 
2 


register & Jump if Not 
Equal 
CJNE 
@Ri.#data.rel 
Compare immed to 
3 
2 


indirect & Jump if Not 
Equal 


All mnemonics 
copyrighted 
@ Intel Corporation 
1980. 
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Table 
4a. Contrasting 
8048 and 8051 Bit Control 
and Testing 
Instructions 


8048 
Bytes 
Cycles 
p.Sec 
8x51 
Bytes 
Cycles 
& p.Sec 
Instruction 
Instruction 


Flag Control 
CLR 
C 
1 
1 
2.5 
CLR 
C 
1 
1 
CPL 
FO 
1 
1 
2.5 
CPL 
FO 
2 
1 


Flag Testing 
JNC 
offset 
2 
2 
5.0 
JNC 
rei 
2. 
2 
JFO 
offset 
2 
2 
5.0 
JB 
FO.rel 
3 
2 
JB7 
offset 
2 
2 
5.0 
JB 
ACC.7.rel 
3 
2 


Peripheral 
Polling 
JTO 
offset 
2 
2 
- 5.0 
JB 
TO.rel 
3 
2 
JN1 
offset 
2 
2 
5.0 
JNB 
INTO.rel 
3 
2 
JTF 
offset 
2 
2 
5.0 
JBC 
TFO.rel 
3 
2 


Machine 
and Peripheral 
Control 
STRT 
T 
1 
1 
2.5 
SETB 
TRO 
2 
1 
EN 
1 
1 
1 
2.5 
SETB 
EXO 
2 
1 
DIS 
TCNT1 
1 
1 
2.5 
CLR 
ETO 
2 
1 


Table 
4b. Replacing 
8048 Instruction 
Sequences 
with 
Single 
8x51 Instructions 


8048 
Bytes 
Cycles 
p.Sec 
8051 
Bytes 
Cycles 
& p.Sec 
Instruction 
Instruction 


Flag Control 
Set carry 
CLR 
C 
CPL 
C 
= 
2 
2 
5.0 
SETB 
C 
1 
1 


Set Software 
Flag 
CLR 
FO 
SETB 
CPL 
FO 
= 
2 
2 
5.0 
FO 
2 
1 


Turn Off Output Pin 
ANL 
P1.#OFBH 
= 
2 
2 
5.0 
CLR 
P1.2 
2 
1 


Complement 
Output Pin 
IN 
A.P1 
XRL 
A.#04H 
OUTL 
P1.A 
= 
4 
6 
15.0 
CPL 
P1.2 
2 
1 


Clear Flag in RAM 
MOV 
RO.#FLGADR 
MOV 
A.@RO 
ANL 
A.#FLGMASK 
MOV 
@RO.A 
= 
6 
6 
15.0 
CLR 
USER_FLG 
2 
1 
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Table 4b Replacing 
8048 Instruction 
Sequences 
with Single 8x51 Instructions 
(Continued) 


8048 
Bytes 
Cycles 
p.Sec 
8x51 
Bytes 
Cycles & p.Sec 
Instruction 
Instruction 
Flag Testing: 
Jump ifSoftware Flag is 0 
JFO 
$+4 
JMP 
offset 
= 
4 
4 
10.0 
JNB 
FO.rel 
3 
2 
Jump ifAccumulator bit is 0 
CPL 
A 
JB7 
offset 
CPL 
A 
= 
4 
4 
10.0 
JNB 
ACC.7.rel 
3 
2 
Peripheral Polling 
Test if Input Pin is Grounded 
IN 
A.P1 
CPL 
A 
JB3 
offset 
= 
4 
5 
12.5 
JNB 
P1.3.rel 
3 
2 
Test if Interrupt Pin is High 
JN1 
$+4 
JMP 
offset 
= 
4 
4 
10.0 
JB 
INTO.rel 
3 
2 


3.0 
BOOLEAN 
PROCESSOR 
APPLICATIONS 


So what? Then what does all this buy you? 


Qualitatively, 
nothing. All the same capabilities could 
be (and often have been) implemented on other ma- 
chines using awkward sequences of other basic opera- 
tions. As mentioned earlier, any CPU can solve any 
problem given enough time. 


Quantitatively, 
the differences between a solution al- 
lowed by the 8051 and those required by previous ar- 
chitectures are numerous. What the 8051 Family buys 
you is a faster, cleaner, lower-cost solution to micro- 
controller applications. 


The opcode space freed by condensing many specific 
8048 instructions, into a few general operations has been 
used to add new functionality to the MCS-51 architec- 
ture-both 
for byte and bit operations. 
144 software 
flags replace the 8048's two. These flags (and the carry) 
may be directly set, not just cleared and complemented, 
and all can be tested for either state, not just one. Oper- 
ating mode bits previously inaccessible may be read, 
tested, or saved. Situations where the 8051 instruction 
set provides new capabilities are contrasted with 8048 
instruction sequences in Table 4b. Here the 8051 speed 
advantage ranges from 5x to 15x! 


Combining 
Boolean and byte-wide instructions 
can 
produce great synergy. An MCS-51 based application 
will prove to be: 
• simpler to write since the architecture 
correlates 
more closely with the problems being solved: 


• easier to debug because more individual instructions 
have no unexpected or undesirable side-effects: 
• more byte efficient due to direct bit addressing and 
program counter relative branching: 


• faster running because fewer bytes of instruction 
need to be fetched and fewer conditional jumps are 
processed: 


• lower cost because of the high level of system-inte- 
gration within one component. 


These rather unabashed claims of excellence shall not 
go unsubstantiated. The rest of this chapter examines 
less trivial tasks simplified by the Boolean processor. 
The first three compare the 8051 with other micro- 
processors; the last two go into 8051-based system de- 
signs in much greater depth. 


Design Example # 1-Bit 
Permutation 


First off, we'll use the bit-transfer instructions to per- 
mute a lengthy pattern of bits. 
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A steadily increasing number of data communication 
products use encoding methods to protect the security 
of sensitive information. 
By law, interstate financial 
transactions involving the Federal banking system must 
be transmitted 
using the Federal 
Information 
Pro- 
cessing Data Encryption Standard (DES). 


Basically, the DES combines eight bytes of "plaintext" 
data (in binary, ASCII, or any other format) with a 56- 
bit "key", producing a 64-bit encrypted value for trans- 
mission. At the receiving end the same algorithm is 
applied to the incoming data using the same key, repro- 
ducing the original eight byte message. The algorithm 
used for these permutations is fixed; different user-de- 
fined keys ensure data privacy. 


It is not the purpose of this note to describe the DES in 
any detail. Suffice it to say that encryption/decryption 
is a long, iterative process consisting of rotations, exclu- 
sive -OR operations, function table look-ups, and an 
extensive (and quite bizarre) sequence of bit permuta- 
tion, packing, and unpacking steps. (For further details 
refer to the June 21, 1979 issue of Electronics maga- 
zine.) The bit manipulation steps are included, it is ru- 
mored, to impede a general purpose digital supercom- 
puter trying to "break" the code. Any algorithm imple- 
menting 
the DES with previous generation 
micro- 
processors would spend virtually all of its time diddling 
bits. 


The bit manipulation performed is typified by the Key 
Schedule Calculation represented in Figure 9. This step 
is repeated 16 times for each key used in the course of a 
transmission. In essence, a seven-byte, 56-bit "Shifted 
Key Buffer" is transformed into an eight-byte, "Permu- 
tation Buffer" without altering the shifted Key. The 
arrows in Figure 9 indicate a few of the translation 
steps. Only six bits of each byte of the Permutation 
Buffer are used; the two high-order bits of each byte are 
cleared. This means only 48 of the 56 Shifted Key Buff- 
er bits are used in anyone iteration. 


Different microprocessor architectures would best im- 
plement this type of permutation 
in different ways. 


Most approaches would share the steps of Figure lOa: 


• Initialize the Permutation 
Buffer to default state 
(ones or zeroes): 


• Isolate the state of a bit of a byte from the Key 
Buffer. Depending on the CPU, this might be ac- 
complished by rotating a word of the Key Buffer 
through a carry flag or testing a bit in memory or an 
accumulator against a mask byte: 
• Perform a conditional jump based on the carry or 
zero flag if the Permutation Buffer default state is 
correct: 


• Otherwise reverse the corresponding bit in the per- 
mutation buffer with logical operations and mask 
bytes. 


Each step above may require several instructions. The 
last three steps must be repeated for all 48 bits. Most 
microprocessors would spend 300 to 3,000 microsec- 
onds on each of the 16 iterations. 


Notice, though, that this flow chart looks a lot like 
Figure 8. The Boolean Processor can permute bits by 
simply moving them from the source to the carry to the 
destination-a 
total of two instructions 
taking four 
bytes and three microseconds per bit. Assume the Shift- 
ed Key Buffer and Permutation Buffer both reside in 
bit-addressable RAM, with the bits of the former as- 
signed symbolic names SKB_1, 
SKB_2, 
... 
SKB_ 
56, and that the bytes of the latter are named PB_l, 
... 
PB_8. 
Then working from Figure 9, the software 
for the permutation algorithm would be that of Exam- 
ple la. The total routine length would be 192 bytes, 
requiring 144 microseconds. 


Permuted 
and Shifted 
56-Bit 
Key Buffer 


--------------------~-------------------- 
----------------------~-------------------- 


PERMUTATION 
eYTE 
1 
PERM 
IYTE2 
PERM BYTE 3 
PEAM IYTE 4 
BYTE 5 


48-Bit 
Key K, 


.... 
sa.u, 


BYTES 
PEAM.YTE7 
PERM 
BYTE. 


203830-5 


Figure 9. DES Key Schedule 
Transformation 
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ILEAVE PERMUTATION 
BUFFER liT 
CLEARED) 


SET 
PERMUTATION 
IUFFER 
.'T 
PC211l 


REP£AT 
FOR EACH 
.,TOF 
SHIFTED 
kEY 


BUFFER 
I" 
TIMES) 
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Figure 10a. Flowchart 
for Key Permutation 
Attempted 
with a Byte Processor 
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t 
I 
CLEAR 
ACCUMULATOR 
I 


LOAD 
BIT MAPPED 
ONTO 
BIT 5 OF 
PERMUTATION 
BYTE INTO CARRY 


I 
ROTATE 
LEFT 
INTO 
ACC. 
1 


LOAD 
BIT MAPPED 
ONTO 
BIT 4 
OF PERMUTATION 
BYTE INTO CARRY 


I 
ROTATE 
LEFT 
INTO 
ACC. 
1 
, 


LOAD 
BIT MAPPED 
ONTO 
BIT 0 
OF PERMUTATION 
BYTE INTO CARRY 
, 


I 
ROTATE 
LEFT 
INTO ACC. 
I 
, 


STORE 
ACC. 
INTO 
PERMUTATION 
BUFFER 


I 


t 


REPEAT 
FOR EACH 
BYTE OF 
PERMUTATION 
BUFFER 
(8 TIMES) 
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Figure 10b. DES Key Permutation 
with Boolean 
Processor 
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The algorithm of Figure lOb is just slightly more effi- 
cient in this time-critical application and illustrates the 
synergy of an integrated byte and bit processor. The 
bits needed for each byte of the Permutation Buffer are 
assimilated by loading each bit into the carry (I us.) 
and shifting it into the accumulator (I /.I.s.).Each byte 
is stored in RAM when completed. Forty-eight bits 
thus need a total of 112 instructions, some of which are 
listed in Example lb. 


Worst-case execution time would be 112 microseconds, 
since each instruction 
takes a single cycle. Routine 
length would also decrease, to 168 bytes. (Actually, in 
the context of the complete encryption algorithm, each 
permuted byte would be processed as soon as it is as- 
similated-saving 
memory and cutting execution time 
by another 8 /.I.s.) 


To date, most banking terminals and other systems us- 
ing the DES have needed special boards or peripheral 
controller chips just for the encryption/decryption 
pro- 
cess, and still more hardware to form a serial bit stream 
for transmission (Figure 11a). An 8051 solution could 
pack most of the entire system onto the one chip (Fig- 
ure lib). The whole DES algorithm would require less 
than one-fourth of the on-chip program memory, with 
the remaining bytes free for operating the banking ter- 
minal (or whatever) itself. 


Moreover, since transmission and reception of data is 
performed through 
the on-board UART, 
the unen- 
crypted data (plaintext) never even exists outside the 
microcomputer! Naturally, this would afford a high de- 
gree of security from data interception. 


Example I. DES Key Permutation Software. 


a.) "Brute Force" technique 


MOV 
C,SKB_l 
MOV 
PB_I.l,C 
MOV 
C,SKB_2 
MOV 
PB_4.0,C 
MOV 
C,SKB_3 
MOV 
PB_2.5,C 
MOV 
C,SKB_4 
MOV 
PB_I.0,C 


MOV 
C,SKB_55 
MOV 
PB_5.0,C 
MOV 
C,SKB_56 
MOV 
PB_7.2,C 


b.) Using Accumulator to Collect Bits 


CLR 
A 
MOV 
C,SKB_l4 
RLC 
A 
MOV 
C,SKB_l7 
RLC 
A 
MOV 
C,SKB_ll 
RLC 
A 
MOV 
C,SKB_24 
RLC 
A 
MOV 
C,SKB_l 
RLC 
A 
MOV 
C,SKB_5 
RLC 
A 
MOV 
PB_l,A 


MOV 
C,SKB_29 
RLC 
A 
MOV 
C,SKB_32 
RLC 
A 
MOV 
PB_8,A 
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a.) Using Multi-Chip Processor Technology 


lA 


DISPLAY 
l. 
P2 


'I 


TxD 


8051 
PO 
r 
R.D •• 


KEYBOARD 
~ 
P1 


TO 
MODEM 


b.) Using One Single-Chip Microcomputer 
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Figure 11.Secure Banking Terminal Block Diagram 


Design Example # 2-Software 
Serial 110 


An exercise 
often imposed 
on beginning 
microcomput- 


er students 
is to write 
a program 
simulating 
a UART. 


Though 
doing this with the 8051 Family 
may appear 
to 
be a moot 
point 
(given 
that 
the 
hardware 
for a full 


UART 
is on-chip), 
it is still instructive 
to see how 
it 


would 
be done, 
and maintains 
a product 
line tradition. 


As it turns 
out, the 8051 microcomputers 
can receive or 


transmit 
serial 
data 
via software 
very efficiently 
using 
the Boolean 
instruction 
set. Since any 1/0 pin may be a 


serial 
input 
or 
output, 
several 
serial 
links 
could 
be 


maintained 
at once. 


Figures 
12a and 
12b show 
algorithms 
for receiving 
or 
transmitting 
a byte 
of data. 
(Another 
section 
of pro- 
gram would invoke this algorithm 
eight times, synchro- 


nizing it with a start bit, clock signal, software 
delay, or 


timer 
interrupt.) 
Data 
is received 
by testing 
an input 


pin, 
setting 
the 
carry 
to the 
same 
state, 
shifting 
the 
carry 
into a data buffer, 
and saving the partial 
frame in 


internal 
RAM. 
Data 
is transmitted 
by shifting 
an out- 
put buffer 
through 
the carry, 
and generating 
each 
bit 


on an output 
pin. 


A side-by-side 
comparison 
of the software 
for this com- 


mon "bit-banging" 
application 
with three 
different 
mi- 


croprocessor 
architectures 
is shown in Table 
Sa and 5b. 


The 
8051 solution 
is more 
efficient 
than 
the others 
on 
every count! 
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b.) Transmission 


SET CARRY 
CLEAR CARRY 


203830-10 
a.) Reception 
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Figure 12.Serial 110 Algorithms 
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Table 5. Serial 1/0 Programs 
for Various 
Microprocessors 


s.) Input RoutiM. 


8085 
8048 
8051 


MOV 
C.SERPIN 
I" 
A:-;I 
.lZ 


CMC 
1.0: 
I XI 
MOV 
RR 
MOV 


SERPORT 
MASK 
1.0 


HLSERBlIF 
A.M 


M.A 


RESlIITS: 


X INSTRlICTlO~S 


14 RYTES 
lh STATES 


19 uSEC 


b.) Output Routint. 


8085 


LXI 
HLSERRIIF 
MOV 
A.M 
RR 
MOV 
I" 
.IC 
1.0: 
A:-;I 
.IMP 
HI: 
ORI 


CNT:OllT 


M.A 
SERPORT 
HI 
'lOT 
MASK 


C"T 
MASK 


SFRPORT 


RESlIITS: 


10INSTRUCTIONS 
20 BYTES 
n STATES 
24 uSEC 


CI.R 
C 


.I"TO 
1.0 


CPI. 
C 
MOV 
RO.RSFRIWI-" 


MOV 
A.@RO 


RRC 
A 
MOV 
@RO.A 


MOV 
A.SERRI:f 
RRC 
A 


MOV 
SERRlIf.A 


7 I~STRlICTIONS 
9 RYTF.S 
9 CYCLES 
22.5 uSF.C'. 


4 I~STRlICTIO'l;S 


7 RYTES 


4 CYCLES 
4 uSEC 


8048 


MOV 
MOV 
RRC 
MOV 


8051 


RO."SERRlIF 
A.@RO 


A 
@RO.A 


MOV 
A.sERRlIF 
RRC 
A 
MOV 
SERBlIF.A 


.IC 
A:-;I. 
.IMP 


HI: 
ORI. 


C~T: 


HI 
SERPRT."NOT 
MASK 


CNT 
SERPRT."MASK 


MOV 
SERPI:-;.c 


X INSTRlICTlONS 
13BYTES 
II CYCLES 
27.1 uSEC 


4 INSTRUCTIONS 
7 BYTES 
I CYCI.ES 
I uSEC 
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Design Example # 3-Combinatorial 
Logic Equations 


Figure 13 shows TIL 
and relay logic diagrams for a 
function of the six variables U through Z. Each is a 
solution of the equation. 
Next we'll look at some simple uses for bit-test instruc- 
tions and logical operations. (This example is also pre- 
sented in Application Note AP-69.) 
a = (U • 01 + W») + (X • Y) + z 


Virtually all hardware designers have solved complex 
functions using combinatorial 
logic. While the hard- 


ware involved may vary from relay logic, vacuum 
tubes, or TIL or to more esoteric technologies like flu- 
idics, in each case the goal is the same: to solve a prob- 
lem represented by a logical function of several Boolean 
variables. 


Equations of this sort might be reduced using Kar- 
naugh Maps or algebraic techniques, but that is not the 
purpose of this example. As the logic complexity in- 
creases, so does the difficulty of the reduction process. 
Even a minor change to the function equations as the 
design evolves would require tedious re-reduction from 
scratch. 
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v 


w 


x 


y 
>----0 


z 


Q ~ (U • (V + W)) + (X • Y) + Z 
a.) Using TTL 


v 
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w 


x 
y 


CR1 


CR2 


o 
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b.) Using Relay Logic 


Figure 13. Hardware 
Implementations 
of Boolean 
Functions 


For the sake of comparison we will implement this 
function three ways, restricting the software to three 
proper subsets of the MCS-Sl instruction set. We will 
also assume that U and V are input pins from different 
input ports. Wand X are status bits for two peripheral 
controllers. and Y and Z are software flags set up earli- 
er in the program. The end result must be written 


to an output pin on some third port. The first two im- 
plementations follow the flow-chart shown in Figure 
14. Program flow would embark on a route down a 
test-and-branch 
tree and leaves either the "True" 
or 


"Not True" exit ASAP-as 
soon as the proper result 


has been determined. These exits then rewrite the out- 
put port with the result bit respectively one or zero. 
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FUNCTION 
IS FALSE 


CLEAR Q 


Figure 14. Flow Chart for 
Tree-Branching 
Algorithm 


Other digital computers must solve equations of this 
type with standard word-wide logical instructions and 
conditional jumps. So for the first implementation, we 
won't use any generalized bit-addressing instructions. 
As we shall soon see, being constrained to such an in- 
struction 
subset produces somewhat sloppy software 


solutions. MCS-51 mnemonics are used in Example 2a: 
other machines might further cloud the situation by 
requiring operation-specific mnemonics like INPUT, 
OUTPUT, LOAD, STORE, etc., instead of the MOY 
mnemonic used for all variable transfers in the 8051 
instruction set. 


FUNCTION 
IS TRUE 


203830-14 


The code which results is cumbersome and error prone. 
It would be difficult to prove whether the software 
worked for all input combinations in programs of this 
sort. Furthermore, execution time will vary widely with 
input data. 


Thanks to the direct bit-test operations, a single in- 
struction can replace each move mask conditional jump 
sequence in Example 2a, but the algorithm would be 
equally convoluted (see Example 2b). To lessen the 
confusion Habit" each input variable is assigned a sym- 
bolic name. 


A more elegant and efficient implementation (Example 
2c) strings together the Boolean ANL and ORL func- 
tions to generate the output function with straight-line 
code. When finished, the carry flag contains the result, 
which is simply copied out to the destination pin. No 
flow chart is needed---code can be written directly from 
the logic diagrams in Figure 14. The result is simplicity 
itself: fast, flexible, reliable, easy to design, and easy to 
debug. 


An 8051 program can simulate an N-input AND or 
OR gate with at most N + I lines of source program- 
one for each input- and one line to store the results. To 
simulate NAND and NOR gates, complement the car- 
ry after computing the function. When some inputs to 
the gate have "inversion bubbles", perform the ANL or 
ORL operation on inverted operands. When the first 
input is inverted, either load the operand into the carry 
and then complement it, or use DeMorgan's Theorem 
to convert the gate' to a different form. 


Example 2. Software Solutions to Logic Function of 
Figure 13. 


a.) Using only byte-wide logical instructions 
:BFUNCI 
SOLVE 
RANDOM 
LOGIC 
FUNCTION 
OF 
6 
VARIABLES 
BY 
LOADING 
AND 
MASKING 
THE 
APPROPRIATE 
BITS 
IN 
THE 
ACCUMULATOR. 
THEN 
EXECUTING 
CONDITIONAL 
JUMPS 
BASED 
ON 
ZERO 


CONDITION. 
(APPROACH USED 
BY 
BYTE-ORIENTED 


ARCHITECTURES. ) 
BYTE 
AND 
MASK 
VALUES 
CORRESPOND 
TO 
RESPECTIVE 
BYTE 
ADDRESS 
AND 
BIT 
POSITIONS. 


OUTBUF 
DATA 22H 
;OUTPUT PIN STATE MAP 
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TESTV: 
MOV 
A,P2 
ANL 
A,#OOOOOIOOB 
JNZ 
TESTU 
MOV 
A,TCON 
ANL 
A,#OOIOOOOOB 
JZ 
TESTX 
TESTU: 
MOV 
A,PI 
ANL 
A,#OOOOOOIOB 
JNZ 
SETQ 
TESTX: 
MOV 
A,TCON 
ANL 
A,#OOOOIOOOB 
JZ 
TESTZ 
MOV 
A,20H 
ANL 
A,#OOOOOOOIB 
JZ 
SETQ 
TESTZ: 
MOV 
A,2IH 
ANL 
A,#OOOOOOIOB 
JZ 
SETQ 
CLRQ: 
MOV 
A,OUTBUF 
ANL 
A,#IIIIOIIIB 
JMP 
OUTQ 
SETQ: 
MOV 
A,OUTBUF 
ORL 
A,#OOOOIOOOB 
OUTQ: 
MOV 
OUTBUF,A 
MOV 
P3,A 


b.) Using only bit-test instructions 
:BFUNC2 
SOLVE 
A 
RANDOM 
LOGIC 
FUNCTION 
OF 
6 
VARIABLES 
BY 
DIRECTLY 
POLLING 
EACH 
BIT. 
(APPROACH USING 
MCS-51 
UNIQUE 
BIT-TEST 
INSTRUCTION 
CAPABILITY.) 
SYMBOLS 
USED 
IN 
LOGIC 
DIAGRAM 
ASSIGNED 
TO 
CORRESPONDING 
8x51 
BIT 
ADDRESSES. 


U 
BIT 
PI.I 
V 
BIT 
P2.2 
W 
BIT 
TFO 
X 
BIT 
IEI 
Y 
BIT 
20H.O 
Z 
BIT 
2IH.I 
Q 
BIT 
P3.3 


TEST_V: JB 
V,TEST_U 
JNB 
W,TEST_X 
TEST_U: JB 
U,SET_Q 
TEST_X: JNB 
X,TEST_Z 
JNB 
Y,SET_Q 
TEST_Z: JNB 
Z,SET_Q 
CLR_Q: 
CLR 
Q 
JMP 
NXTTST 
SELQ: 
SETB 
Q 
NXTTST:(CONTINUATION OF 
:PROGRAM) 


c.) Using logical operations on Boolean variables 
:FUNC3 
SOLVE 
A 
RANDOM 
LOGIC 
FUNCTION 
OF 
6 
VARIABLES 
USING 
STRAIGHT_LINE 
LOGICAL 
INSTRUCTIONS 
ON 
MCS-51 
eOOLEAN 
VARIABLES. 
, 
MOV C,V 
ORL C,W 
ANL C,U 
MOV FO,C 
MOV C,X 
ANL C,Y 
ORL C,FO 
ORL C,Z 


;OUTPUT OF OR GATE 
;OUTPUT OF TOP AND GATE 
;SAVE INTERMEDIATE STATE 


;OUTPUT OF BOTTOM AND GATE 
;INCLUDE VALUE SAVED ABOVE 
;INCLUDE LAST INPUT 
;VARIABLE 
;OUTPUT COMPUTED RESULT 
MOV Q,C 
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An upper-limit can be placed on the complexity of soft- 
ware to simulate a large number of gates by summing 
the total number of inputs and outputs. The actual total 
should be somewhat shorter, since calculations can be 
"chained," as shown. The output of one gate is often 
the first input to another, bypassing the intermediate 
variable to eliminate two lines of source. 


Imagine the three position turn lever on the steering 
column as a single-pole, triple-throw toggle switch. In 
its central position all contacts are open. In the up or 
down positions contacts close causing corresponding 
lights in the rear of the car to blink. So far very simple. 


Two more turn signals blink in the front of the car, and 
two others in the dashboard. All six bulbs flash when 
an emergency switch is closed. A thermo-mechanical 
relay (accessible under the dashboard in case it wears 
out) causes the blinking. 
Design Example # 4-Automotive 
Dashboard 
Functions 


Now let's apply these techniques to designing the soft- 
ware for a complete controller system. This application 
is patterned 
after a familiar real-world 
application 
which isn't nearly as trivial as it might first appear: 
automobile turn signals. 


Applying the brake pedal turns the tail light filaments 
on constantly ... 
unless a turn is in progress, in which 
case the blinking tail light is not affected. (Of course, 
the front turn signals and dashboard indicators are not 
affected by the brake pedal.) Table 6 summarizes these 
operating modes. 


Table 6. Truth Table for Turn-Signal 
Operation 


Input Signals 
Output Signals 


Brake 
Emerg. 
Left 
Right 
Left 
Right 
Left 
Right 
Turn 
Turn 
Front 
Front 
Switch 
Switch 
Switch 
Switch 
& Dash 
& Dash 
Rear 
Rear 


0 
0 
0 
0 
Off 
Off 
Off 
Off 
0 
0 
0 
1 
Off 
Blink 
Off 
Blink 
0 
0 
1 
0 
Blink 
Off 
Blink 
Off 


0 
1 
0 
0 
Blink 
Blink 
Blink 
Blink 
0 
1 
0 
1 
Blink 
Blink 
Blink 
Blink 
0 
1 
1 
0 
Blink 
Blink 
Blink 
Blink 


1 
0 
0 
0 
Off 
Off 
On 
. 
On 
1 
0 
0 
1 
Off 
Blink 
On 
Blink 
1 
0 
1 
0 
Blink 
Off 
Blink 
On 


1 
1 
0 
0 
Blink 
Blink 
On 
On 
1 
1 
0 
1 
Blink 
Blink 
On 
Blink 
1 
1 
1 
0 
Blink 
Blink 
Blink 
On 
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But we're not done yet. Each of the exterior turn signal 
(but not the dashboard) bulbs has a second, somewhat 
dimmer 
filament for the parking 
lights. Figure 
15 
shows ITL circuitry which could control all six bulbs. 
The signals labeled "High Freq." and "Low Freq." rep- 
resent two square-wave inputs. Basically, when one of 
the turn switches is closed or the emergency switch is 
activated the low frequency signal (about I Hz) is gated 
through to the appropriate dashboard indicator(s) and 
turn signa1(s). The rear signals are also activated when 
the brake pedal is depressed provided a turn is not be- 
ing made in the same direction. When the parking light 
switch is closed the higher frequency oscillator is gated 
to each front and rear turn signal, sustaining a low-in- 
tensity background level. (This is to eliminate the need 
for additional parking light filaments.) 


In most cars, the switching logic to generate these func- 
tions requires a number of multiple-throw contacts. As 
many as 18 conductors thread the steering column of 
some automobiles solely for turn-signal and emergency 
blinker functions. (The author discovered this recently 
to his astonishment 
and dismay when replacing the 
whole assembly because of one burned contact.) 


A multiple-conductor wiring harness runs to each cor- 
ner of the car, behind the dash, up the steering column, 
and down to the blinker relay below. Connectors at 


each termination for each filament lead to extra cost 
and labor during construction, 
lower reliability and 
safety, and more costly repairs. And considering the 
system's present complexity, increasing its reliability or 
detecting failures would be quite difficult. 


There are two reasons for going into such painful detail 
describing this example. First, to show that the messiest 
part of many system designs is determining what the 
controller should do. Writing the software to solve 
these functions will be comparatively easy. Secondly, to 
show the many potential failure points in the system. 
Later we'll see how the peripheral functions and intelli- 
gence built into a microcomputer (with a little creativi- 
ty) can greatly reduce external interconnections 
and 
mechanical part count. 


The Single-Chip 
Solution 


The circuit shown in Figure 16 indicates five input pins 
to the five input variables-left-turn 
select, right-turn 
select, brake pedal down, emergency switch on, and 
parking lights on. Six output pins turn on the front, 
rear, and dashboard indicators for each side. The mi- 
crocomputer implements all logical functions through 
software, which periodically updates the output signals 
as time elapses and input conditions change. 


L. TURN 
EMERG 


BRAKE 


R. TURN 


PARK 


LO. 


FREQ. 


OSCILLATOR 


r---...•.------- 
L. DASH 


L. FRNT 


L. REAR 


r---...•.~------ 
R. DASH 


R. FRNT 


R.REAR 


HI. 
FREQ. 
OSCILLATOR 
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Figure 15. TTL Logic Implementation 
of Automotive 
Turn Signals 
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BRAKE 
PEDAL 


EMERGENCY 
SWITCH 


PARKING 
LIGHTS 


~~CH"""--- 


-- 


Figure 16. Microcomputer 
Turn-Signal 
Connections 


Design Example # 3 demonstrated 
that symbolic ad- 
dressing with user-defined bit names makes code and 
documentation 
easier to write and maintain. Accord- 
ingly, we'll assign these 
I/O 
pins names 
for use 
throughout the program. (The format of this example 
will differ somewhat from the others. Segments of the 
overall program will be presented in sequence as each is 
described.) 


INPUT PIN DECLARATIONS: 
;(ALL INPUTS ARE POSITIVE-TRUE 
LOGIC) 


BRAKE 
BIT PLO 
;BRAKE PEDAL 
;DEPRESSED 
EMERG 
BIT PLl 
;EMERGENCY BLINKER 
;ACTIVATED 
PARK 
BIT PL2 
;PARKING LIGHTS 
ON 
LTURN 
BIT PL3 
;TURN LEVER DOWN 
R_TURN 
BIT PL4 
;TURN LEVER UP 


OUTPUT PIN DECLARATIONS: 


LFRNT 
BIT PL5 
;FRONT LEFT-TURN 
;INDICATOR 
R_FRNT 
BIT PL6 
;FRONT RIGHT-TURN 
;INDICATOR 
LDASH 
BIT PL7 
;DASHBOARD LEFT-TURN 
;INDICATOR 
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R_DASH 
BIT P2.0 
;DASHBOARD RIGHT- 
;TURN INDICATOR 
I_REAR BIT P2.l 
;REAR LEFT-TURN 
;INDICATOR 
R_REAR 
BIT P2.2 
;REAR RIGHT-TURN 
;INDICATOR 


Another key advantage of symbolic addressing will ap- 
pear further on in the design cycle. The locations of 
cable connectors, signal conditioning circuitry, voltage 
regulators, heat sinks, and the like all affect P.C. board 
layout. It's quite likely that the somewhat arbitrary pin 
assignment defined early in the software design cycle 
will prove to be less than optimum; rearranging the I/O 
pin assignment could well allow a more compact mod- 
ule, or eliminate costly jumpers on a single-sided board. 
(These considerations apply especially to automotive 
and other cost-sensitive applications 
needing single- 


chip controllers.) Since other architectures mask bytes 
or use "clever" algorithms to isolate bits by rotating 
them into the carry, re-routing an input signal (from bit 
1 of port I, for example, to bit 4 of port 3) could require 
extensive modifications throughout the software. 


The Boolean Processor's direct bit addressing makes 
such changes absolutely trivial. The number of the port 
containing the pin is irrelevent, and masks and complex 
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program structures 
are not needed. Only the initial 
Boolean variable declarations 
need to be changed; 
ASM51 automatically adjusts all addresses and symbol- 
ic references to the reassigned variables. The user is 
assured that no additional debugging or software verifi- 
cation will be required. 


;SUBDIVIDE INTERRUPT RATE BY 244 
;ENABLE TIMER INTERRUPTS 
;GLOBALLY ENABLE ALL INTERRUPTS 
;START TIMER 


;INTERRUPT RATE SUBDIVIDER 
SUB_DIV 
DATA 
20H 
;HIGH-FREQUENCY OSCILLATOR 
BIT 
HI_FREQ 
BIT 
SUB_DIV.O 
;LOW-FREQUENCY OSCILLATOR 
BIT 
LO_FREQ 
BIT 
SUB_DIV.7 


JMP 
ORG 
INIT 
OOOOH 


ORG 
IOOH 
;PUT TIMER 0 IN MODE I 
INIT; 
MOV 
TMOD.#OOOOOOOIB 
;INITIALIZE TIMER REGISTERS 
MOV 
TLO.#O 
MOV 
THO.#-16 
;SUBDIVIDE INTERRUPT RATE BY 244 
MOV 
SUB_DIV.#244 
;ENABLE TIMER INTERRUPTS 
SETB 
ETO 
;GLOBALLY ENABLE ALL INTERRUPTS 
SETB 
EA 
;START TIMER 
SETB 
TRO 


;(CONTINUE WITH BACKGROUND 
PROGRAM) 


;PUT TIMER 0 IN MODE I 
;INITIALIZE TIMER REGISTERS 


Timer 0 (one of the two on-chip timer counters) re- 
places the thermo-mechanical blinker relay in the dash- 
board controller. During system initialization it is con- 
figured as a timer in mode I by setting the least signifi- 
cant bit of the timer mode register (TMOD). In this 
configuration the low-order byte (TLO) is incremented 
every machine cycle, overflowing and incrementing the 
high-order byte (THO) every 256 /Ls. Timer interrupt 0 
is enabled so that a hardware interrupt will occur each 
time THO overflows. 


An eight-bit variable in the bit-addressable RAM array 
will be needed to further subdivide the interrupts via 
software. The lowest-order bit of this counter toggles 
very fast to modulate the parking lights: bit 7 will be 


"tuned" to approximately I Hz for the turn- and emer- 
gency-indicator blinking rate. 


Loading THO with -16 will cause an interrupt 
after 
4.096 ms. The interrupt 
service routine reloads the 
high-order byte of timer 0 for the next interval, saves 
the CPU registers likely to be affected on the stack, and 
then 
decrements 
SUB_DIY. 
Loading 
SUB_DIY. 


with 244 initially and each time it decrements to zero 
will produce a 0.999 second period for the highest-or- 
der bit. 


ORG 
OOOBH 
;TlMER 0 SERVICE VECTOR 
MOV 
THO.#-16 
PUSH PSW 
PUSH ACC 
PUSH B 
DJNZ SUB_DIV.TOSERV 
MOV 
SUB_DIV.#244 


The code to sample inputs, perform calculations, and 
update outputs-the 
real "meat" of the signal control- 
ler algorithm-may 
be performed either as part of the 
interrupt service routine or as part of a background 
program loop. The only concern is that it must be exe- 
cuted at least serveral dozen times per second to pre- 
vent parking light flickering. We will assume the for- 
mer case, and insert the code into the timer 0 service 
routine. 


First, notice from the logic diagram (Figure 15) that 
the subterm (PARK. 
H_FREQ), 
asserted when the 
parking lights are to be on dimly, figures into four of 
the six output functions. Accordingly, 
we will first 
compute that term and save it in a temporary location 
named "DIM". The PSW contains two general purpose 
flags: FO, which corresponds to the 8048 flag of the 
same name, and PSW.1. Since the PSW has been saved 
and will be restored to its previous state after servicing 
the interrupt, we can use either bit for temporary stor- 
age. 


DIM BIT 
PSW.I 
;DECLARE TEMP 
;STORAGE FLAG 


MOV C.PARK 
;GATE PARKING 
;LIGHT SWITCH 
;WITH HIGH 
;FREQUENCY 
;SIGNAL 
;AND SAVE IN 
;TEMP. VARIABLE 


ANL HLFREQ 


MOV DIM.C 


This simple three-line section of code illustrates a re- 
markable point. The software indicates in very abstract 
terms exactly what function is being performed, inde- 
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pendent of the hardware configuration. The fact that 
these three bits include an input pin, a bit within a 
program variable, and a software flag in the PSW is 
totally invisible to the programmer. 


Now generate and output the dashboard left turn sig- 
nal. 


MOV C,L_TURN 
;SET 
CARRY IF 
;TURN 


ORL C,EMERG 
;OR EMERGENCY 
; SELECTED 
ANL C,LO_FREQ 
;GATE 
IN 
1 HZ 
;SIGNAL 


MOV LDASH,C 
;AND OUTPUT 
TO 
;DASHBOARD 


To generate the left front turn signal we only need to 
add the parking light function in FO.But notice that the 
function in the carry will also be needed for the rear 
signal. We can save effort later by saving its current 
state in FO. 


MOV FO,C 
;SAVE 
FUNCTION 
. 


;SO 
FAR 
;ADD IN 
PARKING 
;LIGHT 
FUNCTION 
;AND OUTPUT 
TO 


;TURN 
SIGNAL 


ORL C,DIM 


Finally, the rear left turn signal should also be on when 
the brake pedal is depressed, provided a left turn is not 
in progress. 


MOV C,BRAKE 
;GATE 
BRAKE 
;PEDAL 
SWITCH 


;WITH 
TURN 
;LEVER 
;INCLUDE 
TEMP. 
;VARIABLE 
FROM DASH 


ANL C,L:"'TURN 


ORL C,FO 


ORL C,DIM 


MOV L_REAR,C 


;AND PARKING 
;LIGHT 
FUNCTION 
;AND OUTPUT 
TO 
;TURN 
SIGNAL 


Now we have to go through a similar sequence for the 
right-hand equivalents to all the left-turn lights. This 
also gives us a chance to see how the code segments 
above look when combined. 


MOV C.R_TURN 
;SET 
CARRY H- 
;TURN 
ORL C.EMERG 
;OR EMERGENCY 
;SELECTED 
ANL C,LO_FREQ 
;IF 
SO. 
GATE IN 1 
;HZ 
SIGNAL 
MOV R_DASH.C 
;AND OUTPUT 
TO 
;DASHBOARD 
MOV FO.C 
;SAVE 
FUNCTION 
;SO 
FAR 
ORL C.DIM 
;ADD IN 
PARKING 
;LIGHT 
FUNCTION 
MOV R_FRNT.C 
;AND OUTPUT 
TO 
;TURN 
SIGNAL 
MOV C.BRAKE 
;GATE 
BRAKE 
;PEDAL 
SWITCH 
ANL C. 
R_TURN 
;WITH 
TURN 
;LEVER 
ORL C.FO 
;INCLUDE 
TEMP. 
;VARIABLE 
FROM 
;DASH 
ORL C.DIM 
;AND PARKING 
;LIGHT 
FUNCTION 
MOV R_REAR.C 
;AND OUTPUT 
TO 
;TURN 
SIGNAL 


(The perceptive reader may notice that simply rear- 
ranging the steps could eliminate one instruction from 
each sequence.) 


Now that all six bulbs are in the proper states, we can 
return from the interrupt routine, and the program is 
finished. This code essentially needs to reverse the 
status saving steps at the beginning of the interrupt. 


Table 7. Non-Trivial 
Duty Cycles 


Sub_Dlv 
Bits 
Duty Cycles 
7 
6 
5 
4 
3 
2 
1 
0 
12.5% 
25.0% 
37.5% 
50.0% 
62.5% 
75.0% 
87.5% 


X 
X 
X 
X 
X 
0 
0 
0 
Off 
Off 
Off 
Off 
Off 
Off 
Off 
X 
X 
X 
X 
X 
0 
0 
1 
Off 
Off 
Off 
Off 
Off 
Off 
On 


X 
X 
X 
X 
X 
0 
1 
0 
Off 
Off 
Off 
Off 
Off 
On 
On 


X 
X 
X 
X 
X 
0 
1 
1 
Off 
Off 
Off 
Off 
On 
On 
On 
X 
X 
X 
X 
X 
1 
0 
0 
Off 
Off 
Off 
On 
On 
On 
On 


X 
X 
X 
X 
X 
1 
0 
1 
Off 
Off 
On 
On 
On 
On 
On 


X 
X 
X 
X 
X 
1 
1 
0 
Off 
On 
On 
On 
On 
On 
On 


X 
X 
X 
X 
X 
1 
1 
1 
On 
On 
On 
On 
On 
On 
On 
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POP 
B 
;RESTORE CPU 
;REGISTERS. 
POP ACC 
POP PSW 
RETI 


Program Refinements. The luminescence of an incan- 
descent light bulb filament is generally non-linear: the 
50% duty cycle of HI_FREQ 
may not produce the 
desired intensity. If the application requires, duty cy- 
cles of 25%, 75%, etc. are easily achieved by ANDing 
and ORing in additional low-order bits of SUB_DIV. 
For example, 30 HI signals of seven different duty cy- 
cles could be produced by considering bits 2-0 as 
shown in Table 7. The only software change required 
would be to the code which sets-up variable DIM; 


MOV C,SUB_DIV.l;START 
WITH 50 
;PERCENT 
ANL C,SUB_DIV.O;MASK 
DOWN TO 25 
;PERCENT 
ORL C,SUB_DIV.2;AND 
BUILD BACK TO 
;62 PERCENT 
MOV DIM,C 
;DUTY CYCLE FOR 
;PARKING LIGHTS. 


Interconnections increase cost and decrease reliability. 
The simple buffered pin-per-function circuit in Figure 
16 is insufficient when many outputs require higher- 
than-TI'L 
drive levels. A lower-cost solution uses the 
8051 serial port in the shift-register mode to augment 
1/0. In mode 0, writing a byte to the serial port data 
buffer (SBUF) causes the data to be output sequentially 
through the "RXD" 
pin while a burst of eight clock 
pulses is generated on the "TXD" pin. A shift register 
connected to these pins (Figure 17) will load the data 
byte as it is shifted out. A number of special peripheral 


driver circuits combining shift-register inputs with high 
drive level outputs have been introduced recently. 


Cascading multiple shift registers end-to-end will ex- 
pand the number of outputs even further. The data rate 
in the 1/0 expansion mode is one megabaud, or 8 us. 
per byte. This is the mode which the serial port defaults 
to following a reset, so no initialization is required. 


The software for this technique uses the B register as a 
"map" corresponding to the different output functions. 
The program manipulates these bits instead of the out- 
put pins. After all functions have been calculated the B 
register is shifted by the serial port to the shift-register 
driver. (While some outputs may glitch as data is shift- 
ed through them, at 1 Megabaud most people wouldn't 
notice. Some shift registers provide an "enable" bit to 
hold the output states while new data is being shifted 
in.) 


This is where the earlier decision to address bits sym- 
bolically throughout the program is going to payoff. 
This major 1/0 restructuring is nearly as simple to im- 
plement as rearranging the input pins. Again, only the 
bit declarations need to be changed. 


LFRNT 
BIT B.O 
;FRONT LEFT-TURN 
;INDICATOR 
R_FRNT BIT B.l 
;FRONT RIGHT-TURN 
;INDICATOR 
LDASH 
BIT B.2 
;DASHBOARD LEFT-TURN 
;INDICATOR 
R_DASH 
BIT B.3 
;DASHBOARD RIGHT-TURN 
;INDICATOR 
LREAR 
BIT B.4 
;REAR LEFT-TURN 
;INDICATOR 
R_REAR 
BIT B.5 
;REAR RIGHT-TURN 
;INDICATOR 


+12V 


P3.D I---- 
..•~ :lATA 
07 


8-81T SHIFT REGISTER 
P3.1 I---- 
..•~ CLK 


DD 
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Figure 17. Output 
Expansion 
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The original program to compute the functions need 
not change. After computing the output variables, the 
control map is transmitted to the buffered shift register 
through the serial port. 


MOV 
SBUF,B 
;LOAD BUFFER 
AND TRANSMIT 


The Boolean Processor solution holds a number of ad- 
vantages over older methods. Fewer switches are re- 
quired. Each is simpler, requiring fewer poles and lower 
current contacts. The flasher relay is eliminated entire- 
ly. Only six filaments are driven, rather than 10. The 
wiring harness is therefore simpler and less expensive- 
one conductor for each of the six lamps and each of the 
five sensor switches. The fewer conductors use far few- 
er connectors. The whole system is more reliable. 


And since the system is much simpler it would be feasi- 
ble to implement redundancy and or fault detection on 
the four main turn indicators. Each could still be a 


standard double filament bulb, but with the filaments 
driven in parallel to tolerate single-element failures. 


Even with redundancy, the lights will eventually fail. 
To handle this inescapable fact current or voltage sens- 
ing circuits on each main drive wire can verify that 
each bulb and its high-current 
driver is functioning 
properly. Figure 18 shows one such circuit. 


Assume all of the lights are turned on except one: i.e., 
all but one of the collectors are grounded. For the bulb 
which is turned off, if there is continuity from + 12V 
through the bulb base and filament, the control wire, all 
connectors, and the P.C. board traces, and if the tran- 
sistor is indeed not shorted to ground, then the collec- 
tor will be pulled to + 12V. This turns on the base of 
Q8 through the corresponding resistor, and grounds the 
input pin, verifying that the bulb circuit is operational. 
The continuity of each circuit can be checked by soft- 
ware in this way. 


WIRING 
HARNESS 
I 


+ 12V 


P1.5 ~--+~ 
= 


P1.6 ~--+-t' 


P1.7 t---+-Y 


P2.0 t---+-t' 


P2.1 t---+-+" 
= 


P2.2 


+5V 


TO 


203630-16 


Figure 
18 
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Now turn all the bulbs on, grounding all the collectors. 
Q7 should be turned off, and the Test pin should be 
high. However, a control wire shorted to + 12Y or an 
open-circuited drive transistor would leave one of the 
collectors at the higher voltage even now. This too 
would turn on Q7, indicating a different type of failure. 
Software could perform these checks once per second 
by executing the routine every time the software count- 
er SUB_DIY 
is reloaded by the interrupt routine. 


TOSERV: 


DJNZ SUB_DIV,TOSERV 
MOV SUB_DIV,#244 
ORL Pl,#lllOOOOOB 


ORL P2,#00000111B 
CLR LFRNT 


JB 
TO,FAULT 


CLR 
L_DASH 
JB 
TO,FAULT 
SETB L_DASH 
CLR 
L_REAR 
JB 
TO,FAULT 
SETB L_REAR 
CLR 
R_FRNT 
JB 
TO ,FAULT 
SETB R_FRNT 
CLR 
R_DASH 
JB 
TO,FAULT 
SETB R_DASH 
CLR 
R_REAR 
JB 
TO,FAULT 
SETB lLREAR 


;RELOAD COUNTER 
;SET CONTROL 
;OUTPUTS HIGH 


;FLOAT DRIVE 
;COLLECTOR 
;TO SHOULD BE 
;PULLED LOW 
;PULL COLLECTOR 
;BACK DOWN 


;WITH ALL COLLECTORS 
GROUNDED. 
TO 
SHOULD BE HIGH 
;IF SO. CONTINUE WITH INTERRUPT 
ROUTINE. 
JB 
TO,TOSERV 
FAULT: 
;ELECTRICAL 
;FAILURE 
;PROCESSING 
;ROUTINE 
;(LEFT TO 
;READER'S 
;IMAGINATION) 
;CONTINUE WITH 
;INTERRUPT 
;PROCESSING 


The complete assembled program listing is printed in 
Appendix A. The resulting code consists of 67 program 
statements, not counting declarations and comments, 
which assemble into 150bytes of object code. Each pass 
through 
the 
service routine 
requires 
(coincidently) 
67 f.Ls plus 32 f.Ls once per second for the electrical test. 
If executed every 4 ms as suggested this software would 
typically reduce the throughput of the background pro- 
gram by less than 2%. 


Once a microcomputer has been designed into a system, 
new features suddenly become virtually free. Software 
could make the emergency blinkers flash alternately or 
at a rate faster than the turn signals. Turn signals could 
override the emergency blinkers. Adding more bulbs 
would allow multiple tail light sequencing and syncopa- 
tion-true 
flash factor, so to speak. 


Design Example # 5-Complex 
Control 
Functions 


Finally, we'll mix byte and bit operations to extend the 
use of 8051 into extremely complex applications. 


Programmers can arbitrarily assign I/O pins to input 
and output functions only if the total does not exceed 
32, which is insufficient for applications with a very 
large number of input variables. One way to expand the 
number of inputs is with a technique similar to multi- 
plexed-keyboard scanning. 


Figure 19shows a block diagram for a moderately com- 
plex programmable industrial controller with the fol- 
lowing characteristics: 


• 64 input variable sensors: 
• 12 output signals: 


• Combinational and sequential logic computations: 
• Remote operation with communications to a host 
processor via a high-speed full-duplex serial link: 


• Two prioritized external interrupts: 
• Internal real-time and time-of-day clocks. 


While many microprocessors could be programmed to 
provide these capabilities with assorted peripheral sup- 
port chips, an 8051 microcomputer needs no other inte- 
grated circuits! 


The 64 input sensors are logically arranged as an 8x8 
matrix. The pins of Port I sequentially enable each col- 
umn of the sensor matrix: as each is enabled Port 0 
reads in the state of each sensor in that column. An 
eight-byte block in bit-addressable RAM remembers 
the data as it is read in so that after each complete scan 
cycle there is an internal map of the current state of all 
sensors. Logic functions can then directly address the 
elements of the bit map. 
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+ 5V 
'"" 
1 


1.0uF 


~ 
XTALl 
VCC 
RST 


12M_Z 
~ 
XTAL2 
-- 
SERIAL 
\ 
RXO 
INTO-- 
LINK 
, 
TXO 
INTl 


RETURN 
8051 


LINES 
\ 
P3.4 
0 
8 
16 
24 
32 
40 
48 
56 
PO.O 
P3.5 
1 
57 
PO.l 
P3.6 
2 
58 
PO.2 
~~ 
-~~ 
P3.7 
3 
8.8 
PO.3 
~~ 
~ 
SENSOR 
4 
~ 
MATRIX 
60 
PO.4 
~I-- 
P2.0 
5 
61 
PO.5 
P2.1 
6 
62 
PO.6 
P2.2 
7 
15 
23 
31 
39 
47 
55 
63 
PO.7 


t 


P2.3 


P2.4 
,..., 


Pl.0 
P2.5 


Pll 
P2.6 


Pl.2 
P2.7 


Pl.3 


Pl.4 


Pl.5 
ALE f------ 
N .C. 


·P1.6 
PSEN r--- 
N.C. 


Pl.7 
/•... 
VSS 
EA 


SCAN 
.tJ 
LINES 


ASYNCHRONANS 
INTERRUPTS 


MACHINE 
ACTUATORS 
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Figure 19. Block Diagram 
of 64-lnput 
Machine 
Controller 


The computer's serial port is configured as a nine-bit 
UART, transferring data at 17,000 bytes-per-second. 
The ninth bit may distinguish between address and data 
bytes. 


There are several ways to implement the sensor matrix 
circuitry, all logically similar. Figure 20a shows one 
possibility. Each of the 64 sensors consists of a pair of 
simple switch contacts in series with a diode to permit 
multiple contact closures throughout the matrix. 


The 8051 serial port can be configured to detect bytes 
with the address bit set, automatically ignoring all oth- 
ers. Pins INTO and INTl are interrupts configured re- 
spectively as high-priority, falling-edge triggered and 
low-priority, low-leveltriggered. The remaining 12 I/O 
pins output TfL-level control signals to 12actuators. 


The scan lines from Port I provide eight un-encoded 
active-high scan signals for enabling columns of the 
matrix. The return lines on rows where a contact is 
closed are pulled high and read as logic ones. Open 
return lines are pulled to ground by one of the 40 kn 
resistors and are read as zeroes. (The resistor values 
must be chosen to ensure all return lines are pulled 
above the 2.0V logic threshold, even in the worst-case, 
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where all contacts in an enabled column are closed.) 
Since PO is provided open-collector outputs and high- 
impedance MOS inputs its input loading may be con- 
sidered negligible. 


The circuits in Figures 20b-2Od are variations on this 
theme. When input signals must be electrically isolated 
from the computer circuitry as in noisy industrial envi- 
ronments, phototransistors can replace the switch diode 
pairs and provide optical isolation as in Figure 20b. 
Additional opto-isolators could also be used on the con- 
trol output and special signal lines. 


The other circuits assume that input signals are already 
at TTL levels. Figure 20c uses octal three-state buffers 
enabled by active-low scan signals to gate eight signals 
onto Port O. Port 0 is available for memory expansion 
or peripheral chip interfacing between sensor matrix 
scans. Eight-to-one multiplexers in Figure 20d select 
one of eight inputs for each return line as determined 
by encoded address bits output on three pins of Port I. 
(Five more output pins are thus freed for more control 
functions.) Each output can drive at least one standard 
TTL or up to 10 low-power TTL loads without addi- 
tional buffering. 


Going back to the original matrix circuit, Figure 21 
shows the method used to scan the sensor matrix. Two 
complete bit maps are maintained in the bit-addressable 
region of the RAM: one for the current state and one 
for the previous state read for each sensor. If the need 
arises, the program could then sense input transitions 
and or debounce contact closures by comparing each 
bit with its earlier value. 


The code in Example 3 implements the scanning algo- 
rithm for the circuits in Figure 20a. Each column is 
enabled by setting a single bit in a field of zeroes. The 
bit maps are positive logic: ones represent contacts that 
are closed or isolators turned on. 


Example 
3. 
INPUT_SCAN: 


MOV RO,#20H 


MOV RI,#28H 


MOV A,#80H 


SCAN; 
MOV PI,A 


RR 
A 


;SUBROUTINE 
TO READ 
;CURRENT 
STATE 
;OF 
64 
SENSORS 
AND 
;SAVE 
IN 
RAM 20H-27H 
;INITIALIZE 
;POINTERS 
;FOR BIT 
MAP 
;BASES 
;SET 
FIRST 
BIT 
;IN 
ACC 
;OUTPUT 
TO SCAN 
;LINES 
;SHIFT 
TO ENABLE 
;NEXT COLUMN 
;NEXT 
;REMEMBER CUR- 
;RENT 
SCAN 
;POSITION 
;READ RETURN 
;LINES 
;SWITCH 
WITH 
;PREVIOUS 
MAp· 


;BITS 
;SAVE PREVIOUS 
;STATE 
AS WELL 
;BUMP POINTERS 


;RELOAD SCAN 
;LINE 
MASK 
JNB ACC,7;SCAN;LOOP 
UNTIL 
ALL 
;EIGHT 
COLUMNS 
;READ 


/ 


MOV R2,A 


MOV A,PO 


XCH A,@RO 


MOV @RI,A 


INC 
RO 
INC 
RI 
MOV A,R2 


RET 
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LINES 
203830-20 
a.) Using Switch Contact/Diode 
Matrix 


Figure 20. Sensor Matrix Implementation 
Methods 
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b.) Using Optically-Coupled 
Isolators 


Figure 20. Sensor Matrix Implementation 
Methods (Continued) 
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c.) Using TTL Three-State Buffers 


Figure 20. Sensor Matrix Implementation 
Methods (Continued) 
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Figure 20. Sensor Matrix Implementation 
Methods (Continued) 


d.) Using TTL Data Selectors 
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INITIALIZE 
MAP 
BUFFER 
POINTERS 
AND 
SCAN 
MASK 


OUTPUT 
SCAN 
MASK 
TO SCAN 
LINES: 


STORE 
SHIFTED 
MASK 


What happens after the sensors have been scanned de- 
pends on the individual application. Rather than in- 


READ 
RETURN 
LINES 
AND 
UPDATE 
BIT MAPS 


Figure 21. Flowchart for 
Reading In Sensor Matrix 


venting some artificial design problem, software corre- 
sponding to commonplace logic elements will be dis- 
cussed. 


Combinatorial Output 
Variables. An output 
variable 
which is a simple (or not so simple) combinational 
function of several input variables is computed in the 
spirit of Design Example 3. All 64 inputs are represent- 
ed in the bit maps: in fact, the sensor numbers in Figure 
20 correspond to the absolute bit addresses in RAM! 
The code in Example 4 activates an actuator connected 
to P2.2 when sensors 12, 23, and 34 are closed and 
sensors 45 and 56 are open. 


Example 4. 
Simple Combinatorial Output Variables. 


;SET P2.2=(12) 
(23) (34) ( 45) ( 56) 
MOV 
C,12 
ANL 
C,23 
ANL 
C,34 
ANL C, 45 
ANL 
C, 56 
MOV 
P2.2,C 


Intermediate 
Variables. The examination of a typical 
relay-logic ladder diagram will show that many of the 
rungs control not outputs but rather relays whose con- 
tacts figure into the computation of other functions. In 
effect, these relays indicate the state of intermediate 
variables of a computation. 


The MCS-5l solution can use any directly addressable 
bit for the storage of such intermediate variables. Even 
when all 128 bits of the RAM array are dedicated (to 
input bit maps in this example), the accumulator, PSW, 
and B register provide 18 additional flags for intermedi- 
ate variables. 


For example, suppose switches 0 through 3 control a 
safety interlock system. Closing any of them should de- 
activate certain outputs. Figure 22 is a ladder diagram 
for this situation. The interlock function could be re- 
computed for every output affected, or it may be com- 
puted once and save (as implied by the diagram). As 
the program proceeds this bit can qualify each output. 
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Example 
5. Incorporating 
Override signal into actu- 
ator outputs. 


CALL INPUT_SCAN 
MOV C,O 
ORL C,l 
ORL C,2 
ORL C,3 
MOV FO,C 


COMPUTE FUNCTION 
0 


ANL C, FO 
MOV PLO,C 


COMPUTE FUNCTION 
1 


ANL C, FO 


.MOV Pl,l,C 


COMPUTE FUNCTION 2 


ANL C, FO 
MOV Pl,2,C 


"2" 


"3" 


203830-25 


Figure 22_ Ladder 
Diagram 
for 
Output Override 
Circuitry 


Latching Relays. A latching 
relay can be forced 
into 
either the ON or OFF state by two corresponding 
input 
signals, where it will remain until forced onto the oppo- 
site state--analogous 
to a TTL Set/Reset 
flip-flop. The 
relay is used as an intermediate 
variable for other calcu- 
lations. In the previous 
example, 
the emergency 
condi- 
tion could be remembered 
and remain 
active until an 
"emergency 
cleared" 
button 
is pressed. 


Any flag or addressable 
bit may represent 
a latching 
relay with a few lines of code (see Example 
6). 


Example 
6. Simulating 
a latching 
relay. 


;I_SET SET FLAG 0 IF C=l 
LSET: 
ORL C,FO 
MOV FO,C 


;I_RSET RESET FLAG 0 IF C=l 
LRSET: 
CPS C 
ANL C,FO 
MOV FO,C 


Time Delay Relays. A time delay 
relay 
does not re- 
spond to an input 
signal until it has been present 
(or 
absent) 
for some predefined 
time. For example, 
a bal- 
last or load resistor 
may be switched 
in series with a 
D.e. motor when it is first turned on, and shunted from 
the circuit after one second. This sort of time delay may 
be simulated 
by an interrupt 
routine 
driven. by one of 
the two 8051 timer 
counters. 
The procedure 
followed 
by the routine 
depends 
heavily 
on the details 
of the 
exact 
function 
needed: 
time-outs 
or time delays 
with 


resettable 
or non-resettable 
inputs 
are possible. 
If the 


. interrupt 
routine 
is executed 
every 10 milliseconds 
the 
code in Example 
7 will clear an intermediate 
variable 
set by the background 
program 
after it has been active 
for two seconds. 


Example 
7. Code to clear USRFLG 
after a fixed 


time delay. 


JNB 
USR_FLG,NXTTST 
DJNZ DLAY_COUNT,NXTTST 
CLR 
USR_FLG 
MOV 
DLAY_COUNT,#200 
NXTTST; 
,"" 
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Serial Interface to Remote Processor. When it detects 
emergency 
conditions 
represented 
by certain 
input 
combinations (such as the earlier Emergency Override), 
the controller could shut down the machine immediate- 
ly and/or 
alert the host processor via the serial port. 


Code bytes indicating the nature of the problem could 
be transmitted to a central computer. In fact, at 17,000 
bytes-per-second, the entire contents of both bit maps 
could be sent to the host processor for further analysis 
in less than a millisecond! If the host decides that con- 
ditions warrant, it could alert other remote processors 
in the system that a problem exists and specify which 
shut-down sequence each should initiate. For more in- 
formation on using the serial port, consult the MCS-Sl 
User's Manual. 


Response Timing 


One difference between relay and programmed indus- 
trial controllers (when each is considered as a "black 
box") is their respective reaction times to input chang- 
es. As reflected by a ladder diagram, relay systems con- 
tain a large number of "rungs" operating in parallel. A 
change in input 
conditions 
will begin propagating 
through the system immediately, possibly affecting the 
output state within milliseconds. 


Software, on the other hand, operates sequentially. A 
change in input states will not be detected until the next 
time an input scan is performed, and will not affect the 
outputs until that section of the program is reached. 
For that reason the raw speed of computing the logical 
functions is of extreme importance. 


Here the Boolean processor pays off. Every instruction 
mentioned in this Note completes in one or two micro- 
seconds-the 
minimum instruction execution time for 
many other microcontrollers! A ladder diagram con- 
taining a hundred rungs, with an average of four con- 
tacts per rung can be replaced by approximately five 
hundred lines of software. A complete pass through the 
entire matrix scanning routine and all computations 
would require about a millisecond: less than the time it 
takes for most relays to change state. 


A programmed controller which simulates each Boole- 
an function with a subroutine would be less efficient by 
at least an order of magnitude. Extra software is needed 
for the simulation routines, and each step takes longer 
to execute for three reasons: several byte-wide logical 
instructions are executed per user program step (rather 
than one Boolean operation): most of those instructions 
take longer to execute with microprocessors performing 
multiple off-chip accesses: and calling and returning 
from the various subroutines 
requires overhead 
for 
stack operations. 


In fact, the speed of the Boolean Processor solution is 
likely to be much faster than the system requires. The 
CPU might use the time left over to compute feedback 
parameters, 
collect and analyze execution statistics, 
perform system diagnostics, and so forth . 


Additional 
Functions and Uses 


With the building-block basics mentioned above many 
more operations may be synthesized by short instruc- 
tion sequences. 


Exclusive-OR. There are no common mechanical devic- 
es or relays analogous to the Exclusive-OR operation, 
so this instruction 
was omitted 
from the Boolean 
Processor. However, the Exclusive-OR or Exclusive- 
NOR operation may be performed in two instructions 
by conditionally complementing the carry or a Boolean 
variable based on the state of any other testable bit. 


;EXCLUSIVE-;OR 
FUNCTION 
IMPOSED 
ON 
CARR~ 
;USING FO 
IS INPUT 
VARIABLE. 
;XOR_FO: 
JNB FO,XORCNT 
;("JB" 
FOR X-NOR) 
CPL 
C 
;XORCNT: 
•••••••• 


XCH. The contents of the carry and some other bit may 
be exchanged (switched) by using the accumulator as 
temporary storage. Bits can be moved into and out of 
the 
accumulator 
simultaneously 
using 
the 
Rotate- 
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through-carry instructions, though this would alter the 
accumulator data. 


;EXCHANGE CARRY WITH USRFLG 
XCHBIT: RLC 
A 
MOV 
C,USR_FLG 
RRC 
A 
MOV 
USR_FLG,C 
RLC 
A 


Extended Bit Addressing. The 8051 can directly address 
144 general-purpose bits for all instructions in Figure 
3b. Similar operations may be extended to any bit any- 
where on the chip with some loss of efficiency. 


The logical operations AND, OR, and Exclusive-OR 
are performed on byte variables using six different ad- 
dressing modes, one of which lets the source be an im- 
mediate mask, and the destination any directly address- 
able byte. Any bit may thus be set, cleared, or comple- 
mented with a three-byte, two-cycle instruction if the 
mask has all bits but one set or cleared. 


Byte variables, registers, and indirectly addressed RAM 
may be moved to a bit addressable register (usually the 
accumulator) in one instruction. Once transferred, the 
bits may be tested with a conditional jump, allowing 
any bit to be polled in 3 microseconds-still 
much fast- 


er than most architectures--or 
used for logical calcula- 
tions. (This technique can also simulate additional bit 
addressing modes with byte operations.) 


Parity of bytes or bits. The parity of the current accu- 
mulator contents is always available in the PSW, from 
whence it may be moved to the carry and further 
processed. Error-correcting 
Hamming codes and simi- 
lar applications require computing parity on groups of 
isolated bits. This can be done by conditionally comple- 
menting the carry flag based on those bits or by gather- 
ing the bits into the accumulator (as shown in the DES 
example) and then testing the parallel parity flag. 


Multiple byte shift and CRC codes 


Though the 8051 serial port can accommodate eight- or 
nine-bit data 
transmissions, 
some protocols 
involve 
much longer bit streams. The algorithms presented in 


Design Example 2 can be extended quite readily to 16 
or more bits by using multi-byte input and output buff- 
ers. 


Many mass data storage 'peripherals and serial commu- 
nications protocols include Cyclic Redundancy (CRC) 
codes to verify data integrity. The function is generally 
computed serially by hardware using shift registers and 
Exclusive-OR gates, but it can be done with software. 
As each bit is received into the carry, appropriate bits 
in the multi-byte data buffer are conditionally comple- 
mented based on the incoming data bit. When finished, 
the CRC register contents may be checked for zero by 
ORing the two bytes in the accumulator. 


4.0 SUMMARY 


A truly unique facet of the Intel MCS-51 microcomput- 
er family design is the collection of features optimized 
for the one-bit operations so often desired in real-world, 
real-time control applications. Included are 17 special 
instructions, a Boolean accumulator, implicit and direct 
addressing modes, program and mass data storage, and 
many I/O options. These are the world's first single- 
chip microcomputers able to efficiently manipulate, op- 
erate on, and transfer either bytes or individual bits as 
data. 


This Application 
Note has detailed the information 
needed by a microcomputer system designer to make 
full use of these capabilities. Five design examples were 
used to contrast the solutions allowed by the 8051 and 
those required by previous architectures. Depending on 
the individual application, the 8051 solution will be eas- 
ier to design, more reliable to implement, debug, and 
verify, use less program memory, and run up to an or- 
der of magnitude faster than the same function imple- 
mented on previous digital computer architectures. 


Combining byte- and bit-handling capabilities in a sin- 
gle microcomputer has a strong synergistic effect: the 
power of t.heresult exceeds the power of byte- and bit- 
processors laboring individually. Virtually all user ap- 
plications will benefit in some way from this duality. 
Data intensive applications will use bit addressing for 
test pin monitoring or program control flags: control 
applications will use byte manipulation for parallel I/O 
expansion or arithmetic calculations. 


It is hoped that these design examples give the reader 
an appreciation of these unique features and suggest 
ways to exploit them in his or her own application. 
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ISIS-II 
MCS-51 
MACRO 
ASSEMBLER 
VI.O 
OBJECT 
MODULE 
PLACED 
IN 
FO.AP70.HEX 
ASSEMBLER 
INVOKED 
BY: 
.FI asm51 
ap70 
src 
d~t.(328) 


LOC 
OBJ 
LINE 
SOURCE 


0090 
0091 
0092 
0093 
0094 


2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2~ 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
+1 


UREF 
TITLE(AP'-70 APPENDIX) 
; •• * ••••• 
*••••••• 
**** ••••••••• *••••• ***••••••••••••• 
***** 


THE 
FOLLOWING 
PROGRAM 
USES 
THE 
BOOLEAN 
INSTRUCTION 
SET 
OF 
THE 
INTEL 
£051 
MICROCOMPUTER 
TO PERFORM 
A NUMBER 
OF 
AUTOMOTIVE 
DASHBOARD 
CONTROL 
FUNCTIONS 
RELATING 
TO 
TURN 
SIGNAL 
CONTROL. 
EMERGENCY 
BLINKERS. 
BRAKE 
LIGHT 
CONTROL. 
AND 
PARKING 
LIGHT 
OPERATION. 


THE 
ALGORITHMS 
AND 
HARDWARE 
ARE 
DESCRIBED 
IN DESIGN 
EXAMPLE 
.4 OF 
INTEL 
APPLICATION 
NOTE 
AP-70. 
"USING 
THE 
INTEL 
MCS-51 <TM) 
BOOLEAN 
PROCESSING 
CAPA,BILlTIES" 


,*.*.******* •••****.*****.*********.*.***** 
•• ************* 


INPUT 
PIN 
DECLARATIONS' 


(ALL 
INPUTS 
ARE 
POSITIVE-TRUE 
LOGIC 
INPUTS 
ARE 
HIGH 
WHEN 
RESPECTIVE 
SWITCH 
CONTACT 
IS CLOSED 
) 


BRAKE 
BIT 
PI 0 
BRAKE 
PEDAL 
DEPRESSED 
EMERG 
BIT 
PI 
I 
EMERGENCY 
BLINKER 
ACTIVATED 
PARK 
BIT 
Pt 
2 
PARKING 
LIGHTS 
ON 
L_TURN 
BIT 
PI 
3 
TURN 
LEVER 
DOWN 
R_TURN 
BIT 
PI 
4 
TURN 
LEVER 
UP 


OUTPUT 
PIN 
DECLARATIONS: 


(ALL OUTPUTS 
ARE 
POSITIVE 
TRUE 
LOGIC 
BULB 
IS TURNED 
ON WHEN 
OUTPUT 
PIN 
IS HIGH 
) 


L_FRNT 
BIT 
PI 
5 
FRONT 
LEFT-TURN 
INDICATOR 
R_FRNT 
BIT 
PI 
6 
FRONT 
RIGHT-TURN 
INDICATOR 
L_DASH 
BIT 
PI 
7 
DASHBOARD 
LEFT-TURN 
INDICATOR 
R_DASH 
BIT 
P2.0 
DASHBOARD 
RIGHT-TURN 
INDICATOR 
L_REAR 
BIT 
P2. I 
REAR 
LEFT-TURN 
INDICATOR 
R_REAR 
BIT 
P2 2 
REAR 
RIGHT-TURN 
INDICATOR 


S_FAIL 
BIT 
P2. 3 
ELECTRICAL 
SYSTEM 
FAULT 
INDICATOR 


INTERNAL 
VARIABLE 
DEFINITIONS' 


SUD_DIV 
DATA 
HI_FREQ 
~IT 
LOJREQ 
BIT 


20H 
SUB_DIV 
0 
SUB_DIV.7 


INTERRUPT 
RATE 
SUBDIVIDER 
HIGH-FREQUENCY 
OSCILLATOR 
BIT 
LOW-FREQUENCY 
OSCILLATOR 
BIT 


0095 
0096 
0097 
OOAO 
OOAI 
00A2 


00A3 


oo~o 
0000 
0007 


ODDI 
DIM 
BIT 
PSW 
I 
PARKING 
LIGHTS 
ON 
FLAG 


ja=====s==================== 
__ ======_======s==========s= 


.EJECT 
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III 
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LOC 
OBJ 


0000 
020040 


OOOB 
OOOB 
7:1BCFO 
OOOE 
COOO 
0010 
0154 


0040 
0040 
75BAOO 
0043 
75BCFO 
0046 
75B961 


0049 
7520F4 
004C 
02A9 
004E 
02AF 
0050 
02BC 
0052 
BOFE 


0054 
05203B 
00:17 7520F4 


005A 
4390EO 
0050 
43A007 
0060 
C295 
0062 
20B42B 
0065 
0295 
0067 
C297 
0069 
20B421 
006C 
0297 
006E 
C2Al 
0070 
20B41A 
0073 
02Al 
0075 
C296 
0077 
20B413 
007A 
0296 
007C 
C2AO 
007E 
20B40C 
OOBl 
02AO 
00B3 
C2A2 
00B5 
20B405 
0088 
02A2 


OOBA 
20D402 
OOBO 
B2A3 


LINE 


49 
50 
51 
52 
53 
54 
55 
56 
57 
5B 
59 
60 
61 
62 
63 
64 
65 
66 
67 
6B 
69 
70 
71 
72 
73 
74 
75 
76 
77 
7B 
79 
BO 
BI 
B2 
B3 
B4 
B5 
B6 
B7 
BB 
B9 
90 
91 
9;! 
93 
94 
95 
96 
97 
9B 
99 
+1 


SOURCE 


ORG 
LJI'IP 


ORG 
I'IOV 


.PUSH 
AJI'IP 


ORG 
INIT. 
I'IOV 
I'IOV 
I'IOV 


I'IOV 
SETB 
SETD 
SETD 
SJI'IP 


UPDATE 
OJNZ 
I'IOV 


ORL 
ORL 
CLR 
JB 
SETD 
CLR 
JB 
SETB 
CLR 
.ID 
SETD 
CLR 
JB 
SETD 
CLR 
JB 
SETB 
CLR 
JB 
SETB 


OOOOH 
INIT 


OOOBH 
THO ••-16 
PSW 
UPDATE 


0040H 
TLO .•O 
THO ••-16 
TI'IOO 
.•OIIOOOOIB 


SUB_OIV ••244 
ETO 
EA 
TRO 
S 


SUB_OIV.TOSERV 
SUB_OIV ••244 


PI •• 1I100000B 
P2 ••0000011IB 
L_FRNT 
TO. FAULT 
L_FRNT 
L_OASH 
TO. FAULT 
L_OASH 
L_REAR 
TO. FAULT 
L_REAR 
R_FRNT 
TO. FAULT 
R_FRNT 
R_OASH 
TO. FAULT 
R_OASH 
R_REAR 
TO. FAULT 
R_REAR 


RESET 
VEC TOR 


TII'IER0 SERVICE 
VECTOR 
HIGH 
TIMER 
BYTE 
ADJUSTED 
TO 
CONTROL 
INT 
RATE 
EXECUTE 
CODE 
TO 
SAVE 
ANY 
REGISTERS 
USED 
BELOW 
(CONTINUE 
WITH 
REST 
OF 
ROUTINE) 


ZERO 
LOADED 
INTO 
LOW-ORDER 
BYTE 
AND 
-16 
IN HIGH-ORDER 
BYTE 
GIVES 
4 I'ISECPERIOD 
B-BIT 
AUTO 
RELOAD 
COUNTER 
I'IODEFOR 
TII'IERI. 


16-BIT 
TII'IERI'IODEFOR 
TII'IER0 SELECTED 
SUBDIVIDE 
INTERRUPT 
RATE 
BY 
244 
FOR 
I HZ 
USE 
TIMER 
0 OVERFLOWS 
TO 
INTERRUPT 
PROGRAI'I 
CONFIGURE 
lE TO GLOBALLY 
ENABLE 
INTERRUPTS 
KEEP 
INSTRUCTION 
CYCLE 
COUNT 
UNTIL 
OVERFLOW 
START 
BACKGROUND 
PROGRAI'IEXECUTION 


EXECUTE 
SYSTEI'ITEST 
ONLY 
ONCE 
PER 
SECOND 
GET 
VALUE 
FOR 
NEXT 
ONE 
SECOND 
DELAY 
AND 
GO 
THROUGH 
ELECTRICAL 
SYSTEM 
TEST 
CODE. 


SET 
CONTROL 
OUTPUTS 
HIGH 


FLOAT 
DRIVE 
COLLECTOR 
TO SHOULD 
BE PULLED 
LOW 
PULL 
COLLECTOR 
BACK 
DOWN 
REPEAT 
SEOUENCE 
FOR 
L__DI\SH. 


L REAR. 


R_FRNT. 


R_DASH. 


AND 
R._REI\R 


FAULT. 


JB 
CPL 


WITH 
ALL 
COLLECTORS 
GROUNDED. 
TO SHOULD 
BE 
HIGH 
IF SO. 
CONTINUE 
WITH 
INTERRUPT 
ROUTINE. 


SEJECT 


TO. TOSERV 
S_FAIL 
ELECTRICAL 
FAILURE 
PROCESSING 
ROUTINE 
(TOGGLE 
INDICATOR 
ONCE 
PEH 
SECOND) 
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--er 
• 


:r:- 
-a 
•.....•o 


_.:l 
LOC 
OBJ 
LINE 
SOURCE 


I 
I c( 
100 
CONTINUE 
WITH 
INTERRUPT 
PROCESSING' 


101 
~ 


102 
I) 
COMPUTE 
LOW 
BULB 
INTENSITY 
WHEN 
PARKING 
LIGHTS 
ARE 
ON. 


103 
008F 
A201 
104 
TOSERV' 
MOV 
C.SUBJjIV 
I 
START 
WITH 
~O PERCENT. 
0091 
8200 
105 
ANL 
C. SUB_DIV 
0 
MASK 
DOWN 
TO 2~ 
PERCENT. 
0093 7202 
106 
ORL 
C. SUB_DIV 
2 
BUILD 
BACK 
TO 62. ~ PERCENT. 
009~ 
8292 
107 
ANL 
C.PARK 
GATE 
WITH 
PARKING 
LIGHT 
SWITCH. 
0097 
92D1 
108 
MOV 
DIM.C 
AND 
SAVE 
IN TEMP. 
VARIABLE 
109 
110 
2) 
COMPUTE 
AND 
OUTPUT 
LEFT-HAND 
DASHBOARD 
INDICATOR 
I11 
0099 
A293 
112 
MOV 
C. L_TURN 
SET 
CARRY 
IF TURN 
009B 
7291 
113 
ORL 
C.EMERG 
OR EMERGENCY 
SELECTED. 


0090 
8207 
114 
ANL 
C. LO_FRE<l 
IF SO. 
GATE 
IN 
I HZ 
SIGNAL 
009F 
9297 
i i s 
MOV 
L_DASH. C 
AND 
OUTPUT 
TO 
DASHBOARD 
116 
117 
3) 
COMPUTE 
AND 
.OUTPUT LEFT-HAND 
FRONT 
TURN 
SIGNAL 
118 
OOAI 
92D5 
119 
MOV 
FO.C 
SAVE 
FUNCTION 
SO FAR 
00A3 
72DI 
120 
ORL 
C.DIM 
ADD 
IN PARKING 
LIGHT 
FUNCTION 
00A5 
9295 
121 
MOV 
L_FRNT. C 
AND 
OUTPUT 
TO 
TURN 
SIGNAL. 


122 
123 
4) 
COMPUTE 
AND 
OUTPUT 
LEFT-HAND 
REAR 
TURN 
SIGNAL. 


I 
I 


~ 
I\) 
I 


124 
'U 
.!.J 
00A7 
A290 
125 
MOV 
C.BRAKE 
GATE 
BRAKE 
PEDAL 
SWITCH 
I 
01 
......• 


00A9 
BO?3 
126 
ANL 
C. IL_TURN 
WITH 
TURN 
LEVER. 
C 


OOAB 
7205 
127 
ORL 
C.FO 
INCLUDE 
TEMP. 
VARIABLE 
FROM 
DASH 


OOAD 
7201 
128 
ORL 
C.DIM 
AND 
PARKING 
LIGHT 
FUNCTION 
DOAF 
92Al 
129 
MOV 
L_REAR.C 
AND 
OUTPUT 
TO TURN 
SIGNAL 
130 
131 
5) 
REPEAT 
ALL 
OF ABOVE 
FOR 
RIGHT-HAND 
COUNTERPARTS. 


132 
OOBI 
A294 
133 
MOV 
C.R_TURN 
SET 
CARRY 
IF TURN 
00B3 
7291 
134, 
ORL 
C.EMERG 
OR 
EMERGENCY 
SELECTED 
00D5 
8207 
135 
ANL 
C.LO_FRE<l 
IF SO. 
GATE 
IN I HZ 
SIGNAL 
00B7 
92AO 
136 
MOV 
R_DASH. C 
AND 
OUTPUT 
TO DASHBOARD. 


00D9 
9205. 
137 
MOV 
FO.C 
SAVE 
FUNCTION 
SO FAR 
OODB 
7201 
138 
ORL 
C.DIM 
ADD 
IN PARKING 
LIGHT 
FUNCTION 
OOBD 
9296 
139 
MOV 
RJRNT. 
C 
AND 
OUTPUT 
TO 
TURN 
SIGNAL. 


OOBF 
A290 
140 
MOV 
C. DRAKE' 
GATE 
DRAKE 
PEDAL 
SWITCH 
OOCI 
B094 
141 
ANL 
C./R_TURN 
WITH 
TURN 
LEVER 
00C3 
72D5 
142 
ORL 
C.FO 
INCLUIlE TEMP. 
VARIABLE 
FROM 
DASIt 
00C5 
72DI 
143 
ORL 
C.DIM 
AND 
PARKING 
LIGHT 
FUNCTION 
00C7 
92A2 
144 
MOV 
R_REAR. C 
AND 
OUTPUT 
TO 
TURN 
SIGNAL. 
145 
146 
RESTORE 
STATUS 
REGISTER 
AND 
RETURN 
147 
00C9 
DODO 
148 
POP 
PSW 
RESTORE 
PSW 


OOCB 
32 
149 
RETI 
AND 
RETURN 
FROM 
INTERRUPT 
ROUTINE 
150 
:51 
END 
203830-28 
I 


_. 


XREF 
SYMBOL 
TABLE 
LISTING 
I er 


• 
I 
I 
NAME 
TYPE 
VALUE 
AND 
REFERENCES 


BRAKE 
N 8SEG 
0090H 
20tt 
125 
140 
DIM 
N 8SEG 
00D1H 
45_ 
lOB 
120 
12B 
13B 
143 
EA 
N 8SEG 
OOAFH 
64 
EMERG 
N 8SEG 
0091H 
21. 
113 
134 
ETO 
N 9SEG 
00A9H 
63 
FO 
N 8SfG 
00D5H 
119 
127 
137 
142 


FAULT 
L CSEG 
OOBDH 
75 
78 
B1 
84 
B7 
90 
97_ 
HI_FREG 
N 9SEG 
OOOOH 
42_ 
INIT 
L CSEG 
0040H 
50 
58_ 
L_DASH. 
N 8SEG 
0097H 
32_ 
77 
79 
115 


L_FRNT. 
N 9SEG 
0095H 
30_ 
74 
76 
121 
L_REAR. 
N 9SEt; 
00A1H 
34_ 
BO 
82 
129 
L_TURN 
N 8SEG 
0093H 
23tt 
112 
126 
LOJREG 
N 9SEG 
0007H 
43_ 
114 
135 
PI 
N DSEG 
0090H 
20 
21 22 23 24 30 31 32 72 
P2 
N OSEG 
OOAOH 
33 
34 
35 
37 
73 
PARK 
N 8SEG 
0092H 
22_ 
107 


PSW 
N OSEG 
OODOH 
45 
54 
148 


I 


R_DASH 
N BSEG 
OOAOH 
33_ 
86·BB 
136 


I 
I 
» 
I\) 
RJRNT 
N BSEG 
0096H 
31_ 
B3 
B5 
139 
'U 
.!..J 
R_REAR 
N 8SEG 
00A2H 
35_ 
89 
91 
144 
. 
Cl) 
...• 
R_TURN 
N 9SEG 
0094H 
24. 
133 
141 
0 
SJAIL 
N 9SEG 
00A3H 
37_ 
97 


SUB_DIV 
N DSEG 
0020H 
41_ 
42 
43 
62 
69 
70 
104 
105 
106 
TO. 
N 9SEG 
0084H 
75 
78 
81 
B4 
87 
90 
96 


TOSERV. 
L CSEG 
008FH 
69 
96 
104_ 
THO 
N DSEG 
OOBCH 
53 
59 
TLO 
N DSEG 
008AH 
58 
TMOD 
N DSEG 
0089H 
60 
TRO 
N 9S[G 
008CH 
65 
UPDATE 
L CSEG 
0054H 
55 
69_ 


ASSEMBLY 
COMPLETE. 
NO 
ERRORS 
FOUND 
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1.0 INTRODUCTION 


This is the third application 
note that Intel has produced 
on CRT terminal 
controllers. 
The first Ap Note (ref. 
I), 
written 
in 1977, used the 8080 as the CPU and required 
41 packages 
including 
11 LSI devices. 
In 1979, another 
application 
note (ref. 2) using the 8085 as the controller 
was produced 
and the chip count decreased 
to 20 with I1 
LSI devices. 


Advancing 
technology 
has integrated 
a complete 
system 
onto a single device that contains 
a CPU, program mem- 
ory, data memory, 
serial communication, 
interrupt 
con- 
troller, 
and I/O. These "computer-on-a-chip" 
devices are 
known 
as microcontrollers. 
Intel's 
MCS<II-51 microcon- 
troll er was chosen for this application 
because of its highly 
integrated 
functions. 
This CRT terminal 
design 
uses 12 
packages 
with only 4 LSI devices. 


This application 
note has been divided 
into five general 
sections: 


1) CRT Terminal 
Basics 


2) 8051 Description 
3) 8276 Description 
4) Design 
Background 
5) System 
Description 


2.0 
CRT TERMINAL BASICS 


A terminal 
provides 
a means for humans to communicate 
with a computer. 
Terminals 
may be as simple as a LED 
display 
and a couple 
of push buttons, 
or it may be an 
elaborate 
graphics 
system 
that contains 
a full function 
keyboard 
with user programmable 
keys, color CRT and 
several 
processors 
controlling 
its functions. 
This appli- 
cation note describes 
a basic low cost terminal containing 
a black 
and white CRT display, 
full function 
keyboard 
and a serial interface. 


2.1 
CRT Description 


A raster 
scan CRT displays 
its images 
by generating 
a 


series 
of lines (raster) 
across 
the face of the tube. 
The 
electron 
beam 
usually 
starts at the top left hand corner 
moves left to right, 
back to the left of the screen, moves 
down one row and continues 
on to the right. This is re- 
peated until the lower right hand of the screen is reached. 
Then 
the beam 
returns 
to the top left hand corner 
and 


refreshes 
the screen. 
The beam forms a zigzag pattern as 
shown in Figure 2.1.0. 


Two independent 
operating circuits control this movement 
across 
the screen. 
The horizontal 
oscillator 
controls 
the 
left to right motion of the beam while the vertical controls 
the top to bottom movement. 
The vertical oscillator 
also 
tells the beam when to return to the upper left hand corner 
or "home" 
position. 


'O;;'l.E"' 
:_ 
--~------ 
t C 


- 


- 
- 
RETRACE 
LINES 
DISPLAYED 
LINES 


Figure 2.1.0 
Raster Scan 


As the electron 
beam moves across the screen under the 
control of the horizontal 
oscillator, 
a third circuit controls 
the current entering 
the electron gun. By varying the cur- 
rent, the image may be made as bright or as dim as the 
user desires. 
This control 
is also used to turn the beam 
off or "blank 
the screen" 
. 


When the beam reaches the right hand side of the screen, 
the beam is blanked 
so it does not appear on the screen 
as it returns to the left side. This "retrace" 
of the beam 
is a~ a much faster rate than it traveled 
across the screen 
to generate 
the image. 


The time it takes to scan the whole screen and return to 
the home 
position 
is referred 
to as a "frame". 
In the 
United States, commercial 
television 
broadcast uses a hor- 
izonal sweep frequency 
of 15,750Hz 
which calculates 
out 
to 63.5 
microseconds 
per line. The frame time is equal 
to 16.67 milliseconds 
or 60Hz vertical 
sweep frequency. 


Although 
this is the commercial 
standard, 
many CRT dis- 


plays 
operate 
from 
18KHz 
to 30KHz 
horizonatal 
fre- 
quency. As the horizontal 
frequency 
increases, 
the number 
of lines per frame 
increases. 
This 
increase 
in lines or 
resolution 
is needed 
for graphic 
displays 
and on special 
text editors that display 
many more lines of text than the 
standard 
24 or 25 character 
lines. 


Since the United 
States operates 
on a 60Hz A.C. 
power 
line frequency, 
most CRT monitors 
use 60Hz as the ver- 
tical frequency. 
The use of 60Hz as the vertical frequency 
allows the magnetic and electrical variations that can mod- 
ulate the electron 
beam to be synchronized 
with the dis- 
play, 
thus they go unnoticed. 
If a frequency 
other than 
60Hz is used, 
special 
shielding 
and power 
supply regu- 
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lating 
is usually 
required. 
Very few CRTs operate 
on a 
vertical 
frequency 
other than 60Hz due to the increase in 
the overall 
system cost. 


The CRT controller 
must generate 
the pulses that define 
the horizontal 
and vertical 
timings. 
On most raster scan 
CRTs 
the 
horizontal 
frequency 
may 
vary 
as much 
as 
500Hz without 
any noticeable 
effect on the quality of the 
display. 
This variation 
can change 
the number 
of hori- 
zontal lines from 256 to 270 per frame. 


The CRT controller 
must also shift out the information 
to 
be displayed 
serially to the circuit that controls the electron 
beam's 
intensity 
as it scans across the screen. The circuits 
that control 
the timing associated 
with the shifting of the 
information 
are known as the dot clock and the character 
clock. 
The character 
clock frequency 
is equal to the dot 
clock frequency 
divided 
by the number of dots it takes to 
form 
a character 
in the horizontal 
axis. 
The dot clock 
frequency 
is calculated 
by the following 
equation: 


Dot Clcok (Hz) 
= (N + R)*D*L *F 


where 


N is the number 
of displayed 
characters 
per row, 
R is the number 
of character 
times for the retrace, 
D is the number 
of dots per character 
in the hori- 
zontal axis, 
L is the number 
of horizontal 
lines per frame, 
F is the frame rate in Hz. 


In this 
design 
N = 80, 
R = 20, 
D = 7, L = 270, 
and 
F=6OHz. 
Plugging 
in the numbers 
results in a dot clock 
frequency 
of I I. 34MHz. 


The retrace 
number 
may vary on each design because 
it 
is used to set the left and right hand margins on the CRT. 
The number of dots per character is chosen by the designer 
to meet the system needs. In this design, a 5 x 7 dot matrix 
and 2 blank dots between each character (see Figure 2. I .1) 
makes D equal to 5+2=7. 


Figure2.1.1 
5 x 7 Dot Matrix 


The following 
equation 
can be used to figure the number 
of lines per frame: 


L=(H*Z)+ 
V 


where 
H is the number 
of horizontal 
lines per character, 


Z is the number of character 
lines per frame, 


V is the number 
of horizontal 
line times during the 
vertical 
retrace 


In this design 
H is equal 
to the 7 horizontal 
dots per 
character 
plus 3 blank dots between each row which adds 
up to 10. Also 25 lines of characters 
are displayed, 
so 
Z = 25. The vertical retrace time is variable to set the top 
and bottom margins on the CRT and in this design is equal 
to 20. Plugging 
in the numbers 
gives L=270 
lines per 
frame. 


2.2 
Keyboard 


A keyboard 
is the common way a human enters commands 
and data to a computer. 
A keyboard 
consists 
of a matrix 
of switches 
that are scanned every couple of milliseconds 
by a keyboard 
controller 
to determine 
if one of the keys 
has been pressed. 
Since the keyboard 
is made up of me- 
chanical 
switches 
that 
tend 
to bounce 
or 
"make 
and 
break" 
contact 
every time they are pressed, 
debouncing 
of the switches 
must also be a function 
of the keyboard 
controller. 
There 
are dedicated 
keyboard 
controllers 
available 
that do everything 
from scanning 
the keyboard, 


debouncing 
the keys, 
decoding 
the ASCII code for that 
key closure to flagging the CPU that a valid key has been 
depressed. 
The keyboard 
controller 
may present 
the in- 
formation 
to the CPU in parallel 
form or in a serial data 


stream. 


This Application 
Note integrates 
the function 
of the key- 
board controller 
into the 8051 which is also the terminal 
controller. 
Provisions 
have 
been 
made 
to interface 
the 
8051 to a keyboard 
that uses a dedicated 
keyboard 
con- 


troller. 
The 8051 can accept data from the keyboard 
con- 
troller in either parallel 
or serial format. 


2.3 
Serial Communications 


Communication 
between 
a host computer 
and the CRT 
terminal 
can be in either 
parallel 
or serial data format. 


Parallel 
data transmission 
is needed 
in high end graphic 
terminals 
where 
great 
amounts 
of information 
must be 
transferred. 


One can rarely 
type faster than 
120 words 
per minute, 


which corresponds 
to 12 characters 
per second or I char- 
acter per 83 milliseconds. 
The utilization 
of a parallel port 
cannot justify 
the cost associated 
with the drivers and the 
amount of wire needed to perform this transmission. 
Full 
duplex 
serial data transmission 
requires 
3 wires and two 
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P1.1 
P1.2 


P1.3 


P1.4 


P1.5 
PU 


P1.7 


RST 


P3.OIRXD 


P3.1ITXD 


P3.2IINTO 


P3.3Iiiiin 
P3.4ITO 


P3.5IT1 


P3.8iWii 


P3.7IRD 


XTAU 


XTAL1 


VSS 


vcc 
PO.OIADO 


PO.1IAD1 


PO.21AD2 


PO.31AD3 


PO.41ADf 


PO.51AD5 


PO.81ADIi 


PO.7IAD7 


EAlVPP 


ALElPROG 
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P2.7IA15 


P2.81A14 


P2.51A13 


P2.41A12 


P2.31A11 


P2.21A10 


P2.1IA9 


P2.OIAa 


Figure 3.0.0 
8051 Block Diagram 


drivers to implement 
the communication 
channel between 
the host computer 
and the terminal. 
The data rate can be 
as high as 19200 BAUD in the asynchronous 
serial format. 
BAUD rate is the number 
of bits per second received 
or 
transmitted. 
In the asynchronous 
serial format,' 10 bits of 
information 
is required 
to transmit 
one character. 
One 
character 
per 500 microseconds 
or 1,920 characters 
per 
second would then be trasmitted 
using 
19.2 KBAUD. 


This application 
note uses the 8051 serial port configured 
for full duplex asynchronous 
serial data transmission. 
The 
software 
for the 8051 has been written to support variable 
BAUD 
rates from 150 BAUD up to 9.6 KBAUD. 


3.0 
8051 DESCRIPTION 


The 
8051 
is a single 
chip high-performance 
microcon- 
troller. 
A block diagram 
is shown 
in figure 3.0.0. 
The 
8051 combines 
CPU; Boolean 
processor; 
4K x 8 ROM: 
128 
x 
8 RAM; 
32 I/O lines; 
two 
16-bit timerl 
event 
counters; 
a five-source, 
two-priority-Ievel, 
nested 
inter- 
rupt 
structure; 
serial 
I/O port for either 
multiprocessor 
communications, 
I/O expansion, 
or full duplex 
UART; 


and on-chip 
oscillator 
and clock circuits. 


3.1 
CPU 


Efficient use of program 
memory results from an instruc- 


tion set consisting 
of 49 single-byte, 
45 two-byte 
and 17 
three-byte 
instructions. 
Most 
arithmetic, 
logical 
and 
branching 
operations 
can be performed 
using an instruc- 
tion that appends 
either a short address or a long address. 
For example, 
branches 
may use either 
an offset 
that is 
relative 
to the program 
counter 
which takes two bytes or 
a direct 16-bit address which takes three bytes to perform. 
As a result, 64 instructions 
operate in one machine cycle, 
45 in two machine 
cycles, 
and the multiply 
and divide 
instruction 
execute 
in 4 machine 
cycles. 


The 8051 has five addressing 
modes for source operands: 


Register, 
Direct, 
Register-Indirect, 
Immediate, 
and 
Based-Register-plus 
Index-Register-Indirect 
Addressing. 


The Boolean 
Processor 
can be thought 
of as a separate 
one-bit 
CPU. 
It has its own accumulator 
(the carry bit), 


instruction 
set for data moves, 
logic, and control transfer, 
and 
its own 
bit 
addressable 
RAM 
and 
I/O. 
The 
bit- 
manipulating 
instructions 
provide 
optimum 
code 
and 
speed 
efficiency 
for handling 
on chip peripherals. 
The 


2-80 


inteL 
AP-223 


Boolean processor 
also provides a straight forward means 
of converting 
logic equations directly into software. 
Com- 
plex combinational 
logic functions can be resolved without 
extensive 
data 
movement, 
byte masking, 
and test-and- 


branch trees. 


3.2 
On-Chip Ram 


The CPU manipulates 
operands 
in four memory 
spaces. 


These are the 64K-byte 
Program 
Memory, 
64K-byte 
Ex- 
ternal Data Memory, 
128-byte Internal Data Memory, 
and 
128-byte 
Special 
Function 
Registers 
(SFRs). 
Four Reg-' 
ister Banks (each with 8 registers), 
128 addressable 
bits, 


and the Stack reside in the internal Data RAM. The Stack 
size is limited 
only by the available 
Internal 
Data RAM 
and its location 
is determined 
by the 8-bit Stack Pointer. 


All registers 
except for the Program Counter and the four 
8-Register 
Banks reside in the SFR address space. These 
memory 
mapped 
registers 
include 
arithmetic 
registers, 
pointers, 
110 ports, and registers for the interrupt system, 


timers, 
and serial channel. 


Registers 
in the four 8-Register 
Banks can be addressed 
by Register, 
Direct, 
or Register-Indirect 
Addressing 
modes. 
The 
128 bytes of internal 
Data Memory 
can be 
addressed 
by Direct or Register-Indirect 
modes while the 
SFRs are only addressed 
directly. 


3.3 
1/0 Ports 


The 8051 has instructions 
that can treat the 32 110 lines 
as 32 individually 
addressable 
bits or as 4 parallel 
8-bit 
ports addressable 
as Ports 0, l', 2, and 3. 


Resetting 
the 8051 writes a logical I to each pin on port 0 
which 
places 
the output 
drivers 
into a high-impedance 
mode. Writing a logical 0 to a pin forces the pin to ground 
and sinks current. 
Re-writing 
the pin high will place the 
pin in either an open drain output or high-impedance 
input 
mode. 


Ports 
I, 2, and 3 are known 
as quasi-bidirectional 
110 
pins. Resetting the device writes a logical one to each pin. 
Writing a logical 0 to the pin will force the pin to ground 
and sink current. 
Re-writing 
the pin high will place the 
pin in an output mode with a weak depletion 
pullup FET 
or in the input 
mode. 
The 
weak 
pullup 
FET is easily 
overcome 
by a TTL output. 


Ports 0 and 2 can also be used for off-chip 
peripheral 
expansion. 
Port 0 provides 
a multiplexed 
low-order 
ad- 
dress and data bus while Port 2 contains 
the high-order 
address 
when using external 
Program 
Memory 
or more 
than 256 byte external 
Data Memory. 


Port 3 pins can also be used to provide external interrupt 
request 
inputs, 
event counter 
inputs, 
the serial port TXD 


and RXD 
pins and to generate 
control 
signals 
used for 
writing and reading 
external 
peripherals. 


3.4 
Interrupt System 


External 
events 
and the real-time-driven 
on-chip 
periph- 
erals require service by the CPU asynchronous 
to the ex- 


ecution 
of any particular 
section of code. 
A five-source, 
two-level, 
nested interrupt system ties the real time events 
to the normal program 
execution. 


The 8051 has two external interrupt sources, one interrupt 
from each of the two timer/counters, 
and an interrupt from 
the serial port. 
Each interrupt 
vectors 
the program 
exe- 
cution 
to its own unique 
memory 
location 
for servicing 
the interrupt. 
In addition, 
each of the five sources can be 
individually 
enabled 
or disabled 
as well as assigned 
to 
one of the two interrupt 
priority 
levels available 
on the 
8051. 


Up to two additional 
external 
interrupts 
can be created by 
con figuring a timer/counter 
to the event counter mode. In 
this mode the timer/counter 
increments 
on command 
by 
either the TO or TI pin. An interrupt 
is generated 
when 
the timer/counter 
overflows. 
Thus if the timer/counter 
is 
loaded 
with the maximum 
count, 
the next high-to-low 
transition of the event counter input will cause an intenupt 
to be generated. 


3.5 
Serial Port 


The 8051's 
serial port is useful for linking peripheral 
de- 
vices as well as multiple 
8051 s through 
standard 
asyn- 
chronous 
protocols 
with full duplex operation. 
The serial 
port also has a synchronous 
mode for expansion 
of 110 
lines using shift registers. 
This hardware 
serial port saves 
ROM code and permits 
a much higher transmission 
rate 
than could be achieved 
through 
software. 
The processor 
merely needs to read or write the serial buffer in response 
to an interrupt. The receiver is double buffered to eliminate 
the possibility 
of overrun 
if the processor 
failed to read 
the buffer before the beginning 
of the next frame. 


The 
full duplex 
asynchronous 
serial 
port 
provides 
the 
means 
of communication 
with standard 
UART 
devices 
such as CRT terminals 
and printers. 


The reader should refer to the microcontroller 
handbook 
for a complete 
discussion 
of the 8051 
and its various 
modes of operation. 


4.0 
8276 DESCRIPTION 


The 8276's block diagram and pin configuration 
are shown 
in Figure 4.0.0. 
The following 
sections describe 
the gen- 
eral capabilities 
of the 8276. 
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LC3 
VCC 
LC2 
NL 
LCl 
NC 
LCO 
LTEN 


DATA 
BDRY 
RVV 


BUS 
lIS 
VSP 


BUFFER 
HRTC 
GPAl 
VRTC 
GPAo 
Rn 
HLGT 
WR 
INT 
UNE 
NC 
CCLK 
COUNTER 
DBO 
CC6 
DBl 
CCs 


ROW 
DB2 
CC4 


COUNTER 
DB3 
CC3 
DB4 
CC2 
DBS 
CCl 


MRTC 
DB6 
CCO 
VRTC 
DB7 
~ 


RASTER 
nMING 
MLGT 
GND 
cIP 
AND 
RVV 


VIDEO 
CONTROL 
LTEN 


VSP 


Figure 4.0.0 
8276 Block Diagram 


4.1 
CRT Display Refreshing 


The 8276, having been programmed by the system de- 
signer for a specific screen format, generates a series of 
Buffer Ready signals. A row of characters is then trans- 
ferred by the system controller from the display memory 
to the 8276's row buffers. The row buffers are filled by 
deselecting the 8276 CS and asserting the BS and WR 
signals. The 8276 presents the character codes to an ex- 
ternal 
character 
generator 
ROM by using outputs 
CC~C6. 
The parallel data from the outputs of the char- 
acter generator is converted to serial information that is 
clocked by external dot timing logic into the video input 
of the CRT. 


The character rows are displayed on the CRT one line at 
a time. Line count outputs LCO-LC3 select the current 
line information from the character generator ROM. The 
display process is illustrated in Figure 4.1.0. This process 
is repeated for each display character row. At the begin- 
ning of the last display row the 8276 generates an interrupt 
request by raising its INT output line. The interruptrequest 


is used by the 8051 system controller to reinitialize its 
load buffer pointers for the next display refresh cycle. 


Proper CRT refreshing requires that certain 8276 param- 
eters be programmed at system initialization time. The 
8276 has two types of internal registers; the write only 
Command (CREG) and Parameter (PREG) Registers, and 
the read only Status Register (SREG). The 8276 expects 
to receive a command followed by 0 to 4 parameter bytes 
depending on the command. A summary of the 8276's 
instruction set is shown in Figure 4.1.1. To access the 
registers, CS must be asserted along with WR or RD. The 
status of the C/P pin determines whether the command or 
parameter registers are selected. 


The 8276 allows the designer flexibility in the display 
format. The display may be from I to 80 characters per 
row, I to 64 rows per screen, and 1 to 16 horizontal lines 
per character row. In addition, four curser formats are 
ava1lable;blinking, non-blinking, underline, and reverse 
video. The curser position is programmable to anywhere 
on the screen via the Load Curser command. 
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2nd 
Character 


t.t 
Charac:1er 
3,d 


Character 
5th 
Character 


Seventh 
Line ot • Charactar 
Row 


Figure 4.1.0 
8276 Row Display 


4.2 
CRT Timing 


The 8276 provides 
two timing outputs for controlling 
the 
CRT. The Horizontal 
Retrace Timing and Control (HRTC) 


and Vertical Retrace Timing and Control (VRTC) signals 
are used for synchronizing 
the CRT horizontal and vertical 
oscillators. 
A third output, 
VSP (Video 
Suppress), 
pro- 
vides a signal to the dot timing logic to blank the video 
signal during the horizontal 
and vertical 
retraces. 
LTEN 


(Light Enable) 
is used to provide 
the ability to force the 


video output high regardless 
of the state of the VSP signal. 


This feature is used to place the cursor on the screen and 
to control 
attribute 
functions. 


RVV (Reverse 
Video) output, 
if enabled, 
will cause the 


system to invert its video output. 
The fifth timing signal 
output, HLGT (highlight) 
allows the flexibility to increase 
the CRT beam intensity 
to a greater than normal 
level. 
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NO. OF 
PARAMETER 
COMMAND 
BYTES 
NOTES 


RESET 
4 
Display 
format 
parameters 
required 


START 
0 
DMA operation 


DISPLAY 
parameters 
included 
in 
command 


STOP 
0 
- 


DISPLAY 


RED LIGHT 
2 
- 
PEN 


LOAD 
2 
Cursor 
X, Y position 


CURSOR 
parameters 
required 


ENABLE 
0 
- 
INTERRUPT 


DISABLE 
0 
- 
INTERRUPT 


PRESET 
0 
Clears 
all internal 
COUNTERS 
counters 


Figure 4.1.1 
8276 Instruction 
Set 


4.3 
Special Functions 


4.3.1 
Special Codes 


The 8276 recognizes 
four special codes that may be used 
to reduce 
memory. 
software. 
or system controller 
over- 


head. These characters 
are placed within the display mem- 
ory by the system controller. 
The 8276 performs 
certain 
tasks 
when 
these 
codes 
are received 
in its row buffer 
memory. 


1) End 
of Row 
Code 
- 
Activates 
VSP. 
VSP remains 


active until the end of the line is reached. 
While VSP 
is active the screen is blanked. 


2) End Of Row-Stop 
Buffer Loading 
Code - 
Causes the 
Buffer 
Ready 
control 
logic to stop requesting 
buffer 
transfers 
for the rest of the row. It affects the display 
the same as End of Row Code. 


3) End Of Screen 
Code - 
Activates 
VSP. VSP remains 


active until the end of the frame is reached. 


4) End Of Screen-Stop 
Buffer 
Loading 
Code - 
Causes 
the Buffer 
Ready control 
logic to stop requesting 
buffer 
transfers 
until the end of the frame is reached. 
It affects 


the display 
the same way as the End of Screen code. 


4.3.4 
Programmable Buffer Loading 
Control 


The 8276 can be programmed 
to request 
1. 2. 4, or 8 
characters 
per Buffer load. The interval between 
loads is 


also programmable. 
This allows the designer the flexibility 


to tailor 
the buffer 
transfer 
overhead 
to fit the system 
needs. 


Each scan line requires 
63.5 microseconds. 
A character 
line consists of 10 scan lines and takes 635 microseconds 
to form. 
The 8276 row buffer 
must be filled within 
the 


635 microseconds 
or an under 
run condition 
will occur 
within the 8276 causing the screen to be blanked until the 
next vertical retrace. This blanking will be seen as a flicker 
in the display. 


5.0 
DESIGN BACKGROUND 


A fully functional. 
microcontroller-based 
CRT terminal 
was designed and constructed 
using the 8051 and the 8276. 


The terminal 
has many of the functions 
that are found in 
commercially 
available 
low cost terminals. 
Sophisticated 
features 
such as programmable 
keys can be added easily 
with modest amounts 
of software. 


The 8051 's functions 
in this application 
note include: 
up 
to 9.6K 
BAUD full duplex 
serial transmission; 
decoding 


special messages 
sent from the host computer; 
scanning, 


debouncing, 
and decoding 
a full function 
keyboard; 
writ- 


ing to the 8276 row buffer from the display RAM without 
the need for a DMA controller; 
and scrolling 
the display. 


The 8276 CRT controller's 
functions 
include: 
presenting 


the data to the character 
generator; 
providing 
the timing 


signals needed for horizontal 
and vertical retrace; and pro- 


viding blanking 
and video information. 


5.1 
Design Philosophy 


Since the device count relates to costs, size. and reliability 
of a system, 
arriving at a minimum 
device count without 


degrading 
the performance 
was a driving 
force for this 


application 
note. 
LSI devices 
were used where possible 
to maintain a low chip count and to make the design cycle 
as short as possible. 


PUM-51 
was chosen to generate 
the majority 
of the soft- 


ware for this application 
because 
it models 
the human 
thought 
process 
more 
closely 
than 
assembly 
language. 


Consequently 
it is easier and faster to write programs using 
PUM-51 
and the code is more likely to be correct because 
less chance exists to introduce 
errors. 
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PUM-51 
programs 
are easier 
to read 
and follow 
than 
assembly 
language 
programs, 
and thus are easier to mod- 
ify and customize 
to the end user's 
application. 
PUM-51 
also offers lower development 
and maintenance 
costs than 
assembly 
language 
programming. 


PUM-51 
does have a few drawbacks. 
It is not as efficient 
in code generation 
relative to assembly 
language 
and thus 
may also run slower. 


This application 
note uses the 8051 's interrupts 
to control 
the servicing 
of the various peripherals. 
The speed of the 
main program 
is less critical if interrupts 
are used. In the 
last two application 
notes on terminal 
controllers, 
a cri- 
terion of the system 
was the time required 
for receiving 
an incoming 
serial byte, decoding 
it, performing 
the func- 
tion requested, 
scanning 
the keyboard, 
de bouncing 
the 
keys, 
and transmitting 
the decoded 
ASCII code must be 
less than the vertical refresh time. Using the 8051 and its 
interrupts 
makes this time constraint 
irrelevant. 


5.2 
System Target Specifications 


The design 
specifications 
for the CRT terminal 
design is 
as follows: 


Display 
Format 


• 
80 characters/display 
row 
• 
25 display 
lines 


Character 
Format 


• 
5 x 7 character 
contained 
within a 7 x 
10 frame 
• 
First and seventh 
columns 
blanked 
• 
Ninth line curser position 
• 
Programmable 
delay blinking 
underline 
curser 


Control 
Characters 
Recognized 


• 
Backspace 
• 
Linefeed 
• 
Carriage 
Return 
• 
Form Feed 


Escape 
Sequences 
Recognized 


• 
ESC A, Curser up 
• 
ESC B, Curser down 
• 
ESC C, Curser right 
• 
ESC D, Curser 
left 
• 
ESC E, Clear screen 
• 
ESC F, Move addressable 
curser 
• 
ESC H, Home curser 
• 
ESC J, Erase from curser to the end the screen 
• 
ESC K, Erase the current 
line 


Characters 
Displayed 


• 
96 ASCII Alphanumeric 
Characters 


Characters 
Transmitted 


• 
96 ASCII Alphanumeric 
Characters 
• 
ASCII Control 
Character 
Set 
• 
ASCII Escape 
Sequence 
Set 
• 
Auto Repeat 


Display 
Memory 


• 
2K x 8 static RAM 


Data Rate 


• 
Variable 
rate from 150 to 9600 BAUD 


CRT Monitor 


• 
Ball Bros TV-J2, 
12MHZ Black and White 


Keyboard 


• 
Any standard 
undecoded 
keyboard 
(2 key lock-out) 


• 
Any standard decoded keyboard 
with output enable pin 
• 
Any standard decoded serial keyboard up to 150 BAUD 


Scrolling 
Capability 


Compatible 
With Wordstar 


6.0 
SYSTEM DESCRIPTION 


A block diagram 
of the CRT terminal 
is shown in figure 
6.0.0. 
The diagram 
shows only the essential 
system fea- 
tures. 
A detailed 
schematic 
of the CRT terminal 
is con- 
tained in the Appendix 
7. I. 


The "brains" 
of the CRT terminal 
is the 8051 microcon- 
troller. The 8276 is the CRT controller 
in the system, and 
a 2716 EPROM 
is used as the character 
generator. 
To 


handle 
the high speed portion 
of the CRT, 
the 8276 is 


surrounded 
by a handful ofTTL 
devices. 
A 2K x 8 static 
RAM was used as the display 
memory. 


Following 
the system 
reset, 
the 8276 
is initialized 
for 
curser 
type, 
number 
of characters 
per line, 
number 
of 
lines, and character 
size. The display 
RAM is initialized 
to all "spaces" 
(ASCII 
20H). 
The 8051 then writes ihe 


"start display" 
command 
to the 8276. The local/line 
input 
is sampled to determine 
the terminal mode. If the terminal 
is on-line, 
the BAUD rate switches are read and the serial 
port is set up for full duplex UART mode. The processor 
then is put into a loop waiting 
to service 
the serial port 
fifo or the 8276. 


The serial port is programmed 
to have the highest priority 


interrupt. 
If the serial port generates 
an interrupt, 
the pro- 


cessor reads the buffer, 
puts the character 
in a generated 
fifo that resides 
in the 8051 's internal 
RAM, 
increments 


the fifo pointer, 
sets the serial interrupt 
flag and returns. 
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SERIAL 


COMMUNICAnONS 


CHANNEL 


Figure 6.0.0 
CRT Terminal 
Controller 
Block 
Diagram 


The main program 
determines 
if it IS a displayable 
char- 


acter. a Control word or an ESC sequence 
and either puts 
the character 
in the display 
buffer or executes 
the appro- 


priate command 
sent from the host computer. 


If the 8276 needs servicing, 
the 8051 fills the row buffer 
for the CRT display's 
next line. If the 8276 generates 
a 
vertical retrace 
interrupt, 
the buffer pointer, 
are reloaded 
With the display 
memory 
location that correspond, 
to the 


first character 
of the first display 
line on the CRT. The 
vertical retrace also signals the processor 
to read the key- 


board for a key closure. 


6.1 
Hardware Description 


The following 
section describes 
the unique characteristics 
of this design 


6.1.1 
Peripheral Address Map 


The display RAM, 8276 registers, 
and the 8276 row buff- 


ers are memory 
mapped 
Into the external 
data RAM ad- 


dress area. The addresses 
are as follows: 


Read and Write External 
Display RAM - 
Address 
IOOOHto !7CFH 
Wr te to 8276 row buffer; 
from Display 
RAM - 
Address 
1800H to IFCFH 
Write to 8276 Command 
Register 
(CREG) 
- 
Address 
OOOIH 


Write to 8276 Parameter 
Register 
(PREG) 
- 
Address 
OOOOH 
Read from 8276 Status 
Register 
(SREG) - 
Address 
OOOIH 


Three general cases can be explored; 
reading and writing 


the display 
RAM, 
writing 
to the 8276 row buffer" 
and 
reading 
and writing the 8276's 
control 
registers. 


As mentioned previously 
the 8051 fills the 8276 row buffer 
without 
the need of a DMA controller. 
This is accom- 
plished by using a Quad 2-input multiplexor 
(Figure 6. I .0) 


as the transfer 
logic 
shown 
in the block diagram. 
The 


address 
line, 
P2.3, 
is used 
to select 
either 
of the two 


inputs. When the address line is low the RD and WR lines 
perform 
their normal functions, 
that is read and write the 


8051 P2.3~ 


- 
1A 
SEL 
- 
8051 WR 
Y1 -8276 
WR 
- 
1B 
8051 RD 


+5V 
2A 
Y2 
-8276 
BS 
~ 
2B 


3A 
- 
~ 
Y3 
-8276 
RD 


3B 


- 
IS:- 
P2.4 
DtSPLAY 
RAM CS 


Figure 6.1.0 
Simplified 
Version 
Of The Transfer 
Logic 


2-86 


intel· 
AP-223 


8276 or the external display RAM depending 
on the states 
of their re~ctive 
chip selects. 
If the address line is high. 
the 8051 RD line is transformed 
into BS and WR signals 
for the 8276. 
While 
holding 
the address 
line high. 
the 
8051 executes 
an external 
data move (MOVX) 
from the 
display RAM to the accumulator 
which causes the display 


RAM to output the addressed byte onto the data bus. Since 
the multiplexer 
turns the same 8051 RD pulses 
into BS 
and WR pulses to the 8276. the data bus is thus read into 
the 8276 
as a Buffer 
transfer. 
This 
scheme 
allows 
80 
characters 
to be transferred 
from the display 
RAM into 
the 8276 within 
the required 
character 
line time of 635 
microseconds. 
The 8051 easily meets this requirement 
by 
accomplishing 
the task within 350 microseconds. 


6.1.2 
Scanning The Keyboard 


Throughout 
this project. 
provision 
have been 
made 
to 
make the overall system 
flexible. 
The software 
has been 


written 
for various 
keyboards 
and the user simply needs 
to link different 
program 
modules 
together 
to suit their 


needs. 


6.1.2.1 
Undecoded Keyboard 


Incorporating 
an undecoded 
keyboard 
controller 
into the 
other functions 
of the 8051 shows the flexibility and over 
all CPU power that is available. 
The keyboard 
in this case 


is a full function. 
non-buffered 
8 x 8 matrix of switches 


for a total of 64 possible 
keys. The 8 send lines are con- 


nected 
to a 3-to-8 
open-collector 
decoder 
as shown 
in 
Figure 6.1.1. 
Three high order address lines from the 8051 
are the decoder 
inputs. 
The enabling 
of the decoder 
is 


accomplished 
through 
the use of the PSEN signal from 


the 8051 
which 
makes 
the architecture 
of the separate 
address 
space for the program 
memory 
and the external 


data RAM work for us to eliminate 
the need to decode 


addresses 
externally. 
The move code (MO VC) instruction 
allows each scan line of the keyboard 
to be read with one 


instruction. 


The keyboard 
is read by bringing 
one of the eight scan 
lines low sequentially 
while reading the return lines which 


are pulled 
high by an external 
resistor. 
If a switch 
is 


5V 


r: 
10kO 


PO.7 


PO.O 


lN4305~ 
•. ,•. ,•. ,•. ,•. , ,.. ,.. 


74156 


- 
A 
2YO 
-c 
-c 
-c 
'< 
-: 
-c 
-c 
-c 


- 
B 
2Yl 
I'< -« -: 
-c 
-c 
-c 
'< 
'< 


L 


lC 
2Y2 
'< 
-c 
-c 
-c 
'< 
'< 
-c 
-c 


2C 
2Y3 
-: 
-c 
'< 
'< 
'< 
'< 
-c 
'< 


L 


lG 
lYO 
-c 
-c 
'< 
'< 
'< 
-c 
-c 
-c 


2G 
lYl 
-c 
'< '< 
'< 
-: 
< 
-c 
'< 


1Y2 
-c 
-c 
'< 
-c 
-c 
'< 
'< 
-c 


lY3 
-c 
-c 
-c 
-c 
-c 
'< 
'< 
'< 


8051 
DATA 


BUS 


FROM 
8051 


P2.0 


P2.1 


P2.2 


PSEN 


SWITCH 
MATRIX 


Figure 6.1.1 
Keyboard 
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closed, 
the data bus line is connected 
through the switch 
to the low output of the decoder 
and one of the data bus 
lines will be read as a O. By knowing 
which 
scan line 
detected 
a key closure 
and which data bus line was low, 


the ASCII code for that key can easily be looked up in a 
matrix 
of constants. 
PUM-51 
has the ability 
to handle 
arrays and structured 
arrays, 
which 
makes the decoding 
of the keyboard 
a trivial task. 


Since the Shift, Cap Lock, and Control keys may change 
the ASCII code for a particular 
key closure, 
it is essential 
to know the status of these pins while decoding 
the key- 
board. The Shift, Cap Lock, and Control keys are there- 
fore not scanned 
but are connected 
to the 8051 port pins 
where they can be tested for closure directly. 


The 8 receive lines are connected 
to the data bus through 
germanium 
diodes 
which 
chosen 
for their 
low forward 
voltage 
drop. 
The diodes 
keep the keyboard 
from inter- 
fering with the data bus during the times the keyboard 
is 
not being read. The circuit consisting 
of the 3-to-8 decoder 
and the diodes 
also offers 
some protection 
to the 8051 
from possible 
Electrostatic 
Discharge 
(ESD) damage that 
could be transmitted 
through the keyboard. 


6.1.2.2 
Decoded Keyboard 


A decoded keyboard can easily be connected to the system 
as shown 
in Figure 6.1.2. 
Reading 
the keyboard 
can be 
evoked 
either by interrupts 
or by software 
polling. 


The software to periodically 
read a decoded keyboard was 
not written 
for this application 
note but can be. accom- 
plished 
with 
one 
or 
two 
PUM-51 
statements 
in the 
READER 
routine. 


A much more interesting 
approach 
would be to have the 
servicing 
ofthe 
keyboard 
be interrupt 
driven. 
An addi- 
tional external 
interrupt 
is created 
by configuring 
timer/ 


counter 
0 into an event 
counter. 
The event 
counter 
is 


initialized 
with the maximum 
count. 
The keyboard 
con- 
troller would inform 
the 8051 that a valid key has been 
depressed 
by pulling 
the input pin TO low. This would 
overflow the event counter, 
thus causing an interrupt. 
The 
interrupt 
routine 
would 
simply 
use a MOVC 
(PSEN 
is 
connected 
to the output enable pin of the keyboard 
con- 
troller) to read the contents of the keyboard controller onto 
the data bus, reinitialize 
the counter to the maximum count 
and return from the interrupt. 


6.1.2.3 
Serial Decoded Keyboard 


The 
use of detachable 
keyboards 
has become 
popular 
among the manufacturers 
of keyboards 
and personal com- 
puters. 
This terminal 
has provisions 
to use such a key- 
board. 


The 
keyboard 
controller 
would 
scan the keyboard, 
de- 
bounce 
the key and send back the ASCII code for that 
key closure. 
The message 
would be in an asynchronous 
serial format. 


The flowchart for a software serial port is shown in Figure 
6.1.3. 
An additional 
external 
interrupt 
is created 
as dis- 
cussed for the decoded 
keyboard 
but the use in this case 
would be to detect a start bit. Once the beginning 
of the 
start bit has been detected, 
the timer/counter 
0 is config- 
ured to become 'a timer. The timer is initialized 
to cause 
an interrupt 
one-half 
bit time after the beginning 
of the 
start bit. This is to validate the start bit. Once the start bit 
is validated, 
the timer is initialized 
with a value to cause 
an interrupt 
one bit time later to read the first data bit. 


This process of interrupting 
to read a data bit is repeated 
until all eight data bits have been received. 
After all 8 
data bits are read, 
the software 
serial port is read once 
more to detect 
if a stop bit is present. 
If the stop bit is 
not present, 
an error flag is set. all pointers and flags are 
reset to their initial values. 
and the timer/counter 
is re- 
configured 
to an event counter to detect the next start bit. 


If the stop bit is present, 
a valid flag is set and the flags 
and counter 
are reset as previously 
discussed. 


KEYBOARD 
8051 
CONTROLLER 
A 
I 


lA 
SCAN 
BUS 
PORT 0 


KEYBOARD 
~ 


v 


DATA 


11 
" 


READY 
TO 


-V 
- 


PSEN 
RECEIVE 
CS 


Figure 6.1.2 
Using A Decoded 
Keyboard 
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RETURN 


RETURN 


RETURN 


Figure 6.1.3 
Flowchart for the Software Serial Port 


6.1.4 
System Timings 
500 Hz of 15,750 Hz, we must choose either one or two 
character 
line times for horizontal 
retrace. 
To allow for a 


little more margin 
at the top and bottom 
of the screen, 


two character 
line times was chosen 
for the vertical 
re- 
trace. This choice yields 250 + 20 = 270 total character 
lines 
per frame. 
Assuming 
60 Hz vertical 
retrace 
fre- 


quency: 


60 Hz * 270 = 16,200 Hz horizontal 
frequency 
and 


1/16,200 
Hz * 20 horizontal 
sync times 
= 1.2345 mil- 


liseconds 


The 
requirements 
for the 
BALL 
BROTHERS. 
TV-12 
monitor's 
operation 
is shown 
in table 6.1.0. 
From the 
monitor's 
parameters, 
the 8276 specifications 
and the sys- 
tem target specifications 
the system timing is easily cal- 
culated. 


The 8276 allows the vertical retrace to be only an integer 
multiple of the horizontal 
character lines. Twenty-five 
dis- 


play lines and a character 
frame of 7 x 
10 are required 
from the target specification 
which will require 250 hor- 
izontal 
lines. 
If the horizontal 
frequency 
is to be within 
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Table 6.1.0 
CRT Monitor's Operational Requirements 


PARAMETER 
RANGE 


Vertical 
Blanking 
Time 
800 /Lsec nominal 
(VRTC) 


Vertical 
Drive Pulsewidth 
300 /Lsec "" PW "" 1.4 ms 


I 
Horizontal 
Blanking 
Time 
II /Lsec nominal 
(HRTC) 


Horizontal 
Drive Pulsewidth 
25 /Lsec "" PW "" 30 /Lsec 


Horizontal 
Repetition 
Rate 
15,750 
±500 
pps 


The 1.2345 milliseconds 
of retrace time meets the nominal 
VRTC and vertical 
drive pulse width time of .3mSec to 
l.4mSec 
for the Ball monitor. 


The next parameter 
to find is the horizontal 
retrace time 
which is wholly dependent 
on the monitor used. Usually 
it lies between 
15 and 30 percent 
of the total horizontal 
line lime. 


Since most designs 
display 
a fixed number of characters 
per line it is useful to express 
the horizontal 
retrace time 
as a given number 
of character 
times. 
In this design, 
80 
characters 
are displayed, 
and it was experimentally 
found 
that 20 character 
times for the horizontal 
retrace gave the 
best results. 
It should be noted if too much time was given 
for retrace, 
there would be less time to display the char- 


acters and the display would not fill out the screen. Con- 
versely, 
if not enough time is given for retrace, 
the char- 
acters would seem to run off the screen. 


One hundred 
character 
times per complete 
horizontal 
line 
means that each character 
needs: 


(1116,200 Hz) 1100 character 
times = 617.3 nanoseconds 


If we multiply 
the 20 character 
times needed 
to retrace 
by 617.3 nanoseconds 
needed for each character, 
we find 
12.345 microseconds 
are allocated 
for retrace. This value 
falls short of the 25 to 30 microseconds 
required 
by the 
horizontal 
drive of the Ball monitor. 
To correct for this, 
a 74LS 123 one- shot was used to extend 
the horizontal 
drive pulse width. 


The dot clock frequency 
is easy to calculate 
now that we 
know 
the horizontal 
frequency. 
Since each character 
is 
formed by seven dots in the horizontal 
axis, the dot clock 
period would be the character 
clock (617. 3 nanoseconds) 
divided by the 7 which is equal to 11.34 MHz. The basic 
dot timing and CRT timing are shown in the Appendix. 


6.2 
Software Description 


6.2.1 
Software Overview 


The software 
for this application 
was written 
in a "fore- 
ground-background" 
format. 
The background 
programs 
are all interrupt 
driven 
and are written 
in assembly 
lan- 
guage due to time constraints. 
The foreground 
programs 
are for the most part written in PUM·51 
to ease the pro- 
gramming 
effort. 
A number of subroutines 
are written in 
assembly 
language 
due to time constraints 
during 
exe- 
cution. Subroutines 
such as clearing display lines, clearing 
the screen, and scanning the keyboard 
require a great deal 
of 
16 bit adds and compares 
and would 
execute 
much 
slower and would require 
more code space if written 
in 
PUM·51. 
The background 
and foreground 
programs 
talk 
to each 
other 
through 
a set of flags. 
For example, 
the 
PUM·51 
foreground 
program 
tests 
"SERIAL$INT" 
to 
determine 
if a serial 
port interrupt 
had occurred 
and a 
character 
is waiting 
to be processed. 


6.2.2 
The Background Program· 


Two interrupt 
driven routines, 
VERT and BUFFER, 
(see 
Fig. 6.2.0) 
request 
service every 
16.67 milliseconds 
and 
617 microseconds 
respectively. 
VERT's 
request 
comes 
during 
the last character 
row of the display 
screen. 
This 
routine 
resets the buffer pointers 
to the first CRT display 
line in the display 
memory. 
VERT is also used as a time 
base for the foreground 
program. 
VERT 
sets the flag, 
SCAN, 
to tell the foreground 
program 
(PUM·51) 
that it 
is time to scan the Keyboard. 
VERT 
also increments 
a 
counter used for the delay between transmitting 
characters 
in the AUTO$REPEAT 
routine. 


The BUFFER 
routine is executed 
once per character 
row. 
BUFFER 
uses the multiplexor 
discussed 
earlier to fill the 
8276's 
row buffer 
by executing 
80 external 
data moves 
and incrernenting 
the Data Pointer 
between 
each move. 
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RE·INITIALlZE 
8276 
ROW BUFFER 
POINTER 
TO THE 


TOP 
OF THE 


OtSPLAY 


RETURN 


RETURN 


Figure 6.2.0 
Flowcharts For 
VERT and BUFFER Routine 


The MOVX 
reads the display 
RAM and writes the char- 
acter into the row buffer during the same instruction. 


SERBUF 
is an interrupt 
driven 
routine 
that is executed 
each time a character 
is received 
or transmitted 
through 
the on-chip 
serial 
port. 
The 
routine 
first checks 
if the 
interrupt was caused by the transmit side of the serial port, 
signaling 
that the transmitter 
is ready to accept 
another 
character. 
If the transmitter 
caused the interrupt, 
the flag 


"TRANSMIT$INT" 
is set which is checked by the fore- 
ground 
program 
before 
putting 
a character 
in the buffer 
for transmission. 


If the receiver 
caused 
the interrupt, 
the input buffer on 
the serial port is read and fed into the fifo that has been 
manufactured 
in the internal RAM and increments 
the fifo 
pointer 
"FIFO." 
The flag "SERIAL$INT" 
is then set, 
telling the foreground 
program that there is a character 
in 
the fifo to be processed. 
If the read character 
is an ESC 
character, 
the flag" ESCSEQ" 
is set to tell the foreground 
program that an escape sequence is in the process of being 
received. 


6.2.3 
The Foreground Program 


The foreground 
program 
is documented 
in the Appendix. 
The foreground 
program starts off by initializing 
the 8276 


as discussed 
earlier. 
After all variables 
and flags are ini- 
tialized, 
the processor 
is put into a loop waiting for either 
VERT to set SCAN so the program can scan the keyboard, 
or for the serial port to set SERIAL$INT 
so the program 
can process 
the incoming 
character. 


The 
vertical 
retrace 
is used to time the delay 
between 
keyboard 
scans. When VERT gets set, the assembly 
lan- 
guage 
routine 
READER 
is called. 
READER 
scans 
the 
keyboard, 
writing 
each scan into RAM to be processed 
later. 
READER 
controls 
two flags, 
KEYO and SAME. 
KEYO is set when all 8 scans determine 
that no key is 
pressed. 
SAME is set when the same key that was pressed 
last time the keyboard 
was read is still pressed. 


~fter 
READER 
returns 
execution 
to the main program, 
• 
the flags are tested. 
If the KEYO 
flag is set the main 
program 
goes back 
to the loop waiting 
for the vertical 
retrace 
or a serial port interrupt 
to occur. 
If the SAME 
flag is set the main program 
knows 
that the closed 
key 
has been debounced 
and decoded 
so it sends the already 
known ASCII code to the AUTO$REPEA 
T routine which 
determines 
if that character 
should be transmitted 
or not. 


If KEYO and SAME are not set, signifying 
that a key is 
pressed but it is not the same key as before, the foreground 
program 
determines 
if the results from the scan are valid. 
First all eight scans are checked 
to see if only one key 
was closed. 
If only one key is closed, 
the ASCII code is 
determined, 
modified if necessary 
by the Shift, Cap Lock, 
or Control 
keys. 
The NEW$KEY 
and VALID 
flags are 
then set. The next time READER 
is called, 
if the same 
key is still pressed, 
the SAME 
flag will be set, causing 
the AUTO$REPEAT 
subroutine 
to be called as just dis- 
cussed. 
Since 
the keyboard 
is read during 
the vertical 
retrace, 
16.67 milliseconds 
has elapsed 
between 
the de- 
tection of the pressed 
key and reverifying 
that the key is 
still pressed 
before 
transmitting 
it, thus effectively 
de- 
bouncing 
the key. 


The AUTO$REPEAT 
routine 
is written 
to transmit 
any 
key that the NEW$KEY 
flag is set for. The counter 
that 
is incremented 
each time the vertical 
refresh 
interrupt 
is 
serviced 
causes 
a programmable 
delay between 
the first 
transmission 
and 
subsequent 
auto 
repeat 
transmission. 
Once 
the NEW$KEY 
character 
is sent, 
the counter 
is 
initialized. 
Each 
time 
the 
AUTO$REPEAT 
routine 
is 
called, 
the counter 
is checked. 
Only 
when 
the counter 
overflows 
will the next character 
be transmitted. 
After the 
initial delay, 
a character 
will be transmitted 
every other 
time 
the routine 
is called 
as long as the key remains 
pressed. 


6.2.3.1 
Handling Incoming Serial Data 


One of the criteria 
for this application 
note was to make 
the software 
less time dependent. 
By creating 
a fifo to 
store incoming 
characters 
until the 8051 has time to pro- 
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cess them, 
software 
timing 
becomes 
less critical. 
This 
application 
note 
uses 
up 
to 
8 
levels 
of 
the 
fifo 
at 
9.2KBAUD, 
and 
I level at 4.8KBAUD 
and lower. 
As 
discussed earlier, the interrupt service routine for the serial 
port uses the fifo to store incoming 
data, 
increments 
the 
fifo pointer, 
"FIFa", 
and sets SERIAL$INT 
to tell the 
main program that the fifo needs servicing. 
Once the main 
program 
detects 
that 
SERIAL$INT 
is set 
the 
routine 
DECIPHER 
is executed. 


DECIPHER 
has three separate 
blocks; a block for decod- 
ing displayable 
characters, 
a block for processing 
Escape 
sequences, 
and a block for processing 
Control codes. Each 
block works on the fifo independently. 
Before exiting 
a 
block, the contents of the fifo are shifted up by the amount 
of characters 
that were processed 
in that particular 
block. 


The shifting 
of the characters 
insures 
that the beginning 
of the fifo contains 
the next character 
to be processed. 
FIFa 
is then decremented 
by the number 
of characters 
processed. 


Let's 
look at this process 
more closely. 
Figure 6.2. 1-A 
shows a representation 
of a fifo containing 
5 characters. 
The first three characters 
in the fifo contain 
displayable 
characters, 
A, B, and C respectively 
with the last two 
characters 
being an ESC sequence 
for moving the curser 
up one line (ESC A) and FIFa 
points to the next available 
location to be tilled by the serial port interrupt 
routine, 
in 
this case, 5. 


TOP---. 
41H(A) 
41H (A) 


42H (B) 
42H 
(B) 


43H (C) 
43H 
(C) 


1BH (ESC) 
TOP---' 
1BH (ESC) 


41H (A) 
41H 
(A) 
FIFO-.. 
FIFO-. 


(A) 
(B) 


TOP---. 
1BH (ESC) 


41H 
(A) 
FIFO....--. 


(C) 


FIGURE 6.2.1 
FIFO 


When DECIPHER 
is executed, 
the first block begins look- 
ing at the first character 
of the fifo for a displayable 
char- 
acter. 
If the character 
is displayable, 
it is placed into the 
display RAM and the software pointer "TOP" 
that points 
to the character 
that is being processed 
is incremented 
to 
the next character. 
The character 
is then looked at to see 
if it too is displayable 
and if it is, it's placed in the display 
RAM. The process of checking 
for displayable 
characters 
is continued 
until either 
the tifo is empty 
or a non-dis- 
playable character 
is detected. 
In our example, 
three char- 
acters 
are placed 
into the display 
RAM 
before 
a non- 
displayable 
character 
is detected. 
At this point the tifo 
looks like figure 6.2.I-B. 


Before entering 
the next block, the remaining 
contents 
of 
the fifo between 
TOP, 
that is now pointing 
to IBH and 
(FIFa-I) 
are moved up in the fife by the amount of char- 
acters processed, 
in this example 
three. TOP is reset to 0 
and FIFa 
is decremented 
by 3. The serial port interrupt 
is inhibited 
during 
the time the contents 
of the tifo and 
the pointers 
are being 
manipulated. 
The tifo now looks 
like tigure 6.2.1-C. 


The execution 
is now passed to the next block that pro- 
cesses 
ESC sequences. 
The tirst location 
of the fifo is 
examined 
to see if it is an ESC character 
(IBH). 
If not, 


the execution 
is passed to the next block of DECIPHER 
that processes 
Control 
codes. 
In this case the fifo does 
contain 
an ESC code. 
The flag ESC$SEQ 
is checked 
to 
see if the 8051 
is in the process 
of receiving 
an ESC 
sequence thus signifying 
that the next byte of the sequence 
has not been received 
yet: If the ESC$SEQ 
is not set, the 
next character 
in the fifo is checked 
for a valid escape 
code 
and the proper 
subroutine 
is then called. 
The fifo 
contents 
are then 
shifted 
as discussed 
for the previous 
block. 
Due to the length of time that is needed to execute 
an ESC code sequence 
or a Control 
code. only one ESC 
code 
and/or 
Control 
code 
can be processed 
each 
time 
DECIPHER 
is executed. 


If at the end of the DECIPHER 
routine, 
FIFa 
contains 
a 
0, the flag SER$INT 
is reset. 
If SER$INT 
remains 
set, 
DECIPHER 
will be executed 
immediately 
after returning 
to the main program 
if SCAN had not been set during the 
execution 
of the DECIPHER 
routine, 
otherwise 
DECI- 
PHER will be called after the keyboard 
is read. 


6.2.4 
Memory 
Pointers 
and Scrolling 


The curser always 
points 
to the next location 
in display 
memory 
to be tilled. 
Each time a character 
is placed 
in 
the display memory, 
the curser position needs to be tested 
to determine 
if the curser 
should 
be incremented 
to the 
beginning 
of the next line of the display or simply moved 
to the next position on the current display line. The curser 
position 
pointers 
are then updated 
in both the 8276 and 
the internal registers 
in the 8051. 
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When 
the 2000th 
character 
is entered 
into the display 


'memory. 
a full display 
page has been reached 
signaling 
the need for the display 
to scroll. 
The memory 
pointer 


that points 
to the display 
memory 
that contains 
the first 


character of the first display line, LINEa. 
prior to scrolling 
contains 
1800H which is the starting address of the display 
memory. 
Each scrolling operation adds 80 (SOH) to LINEa 
which will now point to the following 
row in memory as 
shown in figure 6.2.2-8. 
LINEa is used during the vertical 


refresh routine to re-initialize 
the pointers associated 
with 


filling the 8276 row buffers. 


The display 
memory 
locations 
that were the first line of 


the CRT display 
now becomes 
the last line of the CRT 
display. 
Incoming 
characters 
are now entered 
into the 
display 
memory 
starting 
with 
1800H, 
which 
is now the 
first character 
of the last line of the display 
screen. 


MEMORY 
LOCATION 


1800H 


MEMORY 


LOCATION 


184FH 


LINEO 


MEMORY 


LOCATION 


1850H 


LINEO 


MEMORY 


LOCATION 


18FOH 


MEMORY 
LOCATION 


1800H 


MEMORY 
LOCATION 


1800H 


LlNEO 
NEW TEXT 


INSERTED 
HERE 


DURING 
FIRST 


PAGE 


MEMORY 


LOCATION 


1F80M 


A) BEFORE 
SCROLLING 


MEMOR 


LOCATIO 


18AOH 


I- 
- 
I 
Y- j 


N 


NEW 
TEXT 


INSERTED 
HERE 


B) AFTER 
1ST SCROLLING 
OPERATION 
- 
- 
I 
- j 


NEW 
TEXT 


INSERTED 
HERE 
LINEO 


C) AFTER 
2ND SCROLLING 
OPERATION 
D) AFTER 
3RD 
SCROLLING 
OPERATION 


LINEO 


NEW 
TEXT 


INSERTED 
HERE 


LINEO 


NEW TEXT 


INSERTED 
HERE 


F) AFTER 
25TH 
SCROLLING 
OPERATION 
El AFTER 
24TH 
SCROLLING 
OPERATION 


Figure 6.2.2 
Pointer Manipulation During Scrolling 
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the keyboard. 
This foreground 
program is interrupted once 
every 617 microseconds 
to service the 8276 row buffers. 


The 8051 is also interrupted 
each 
16.67 milliseconds 
to 
re-initialize 
LINEO and to flag the foreground 
program to 


read the keyboard. 


KUM In a parallel 
In, senal out synchronous 
shift register. 


The shift register's 
output constitutes 
the video informa- 


tion to the CRT. 
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Appendix 7.1 
CRT Schematics 


Xl 


+5V 
vcc 
F; 
~ 
RST 


GHD 


~ 
5V~ 
EA 
--.!! 
INTO 
~ 
INn 
SERIAlIN~ 
RXD 


SERI AlOUT~ 
TXD 
T074151 --..!! 
PSEN 
8AUD- 
.'0 
8AUD- 
.11 
8AUD- 
." 
CA.lOCK- 
.,3 


CLEAR 
TOSENO- 
." 
READY- 
.15 
SHFT- 
.11 
COHTROl_ 
.17 
- 
TO 
LOCAL- 
T1 ".0 


7' 


L-------------------~l:~OO 


11 


P2.4 
21 


13 
1. 
17 


11 


10R: rH.~. 
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~ 
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.8 
11 
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lA 
10 
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+5V - ..•... 
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Appendix 7.2 
Dot Timing 


CHARACTER 


COUNTER 


STATE 
DOT 
CLOCK 


617nl 
- 


745163 
COUNTER 
OUTPUTS 
QC 
CHARACTER 


CLOCK 


OA 


,I 


1SOns 
.. 
--- 


I 
I 
I~ 
L....----hr 


FIRST CHARACTER 
SECOND 
CHARACTER 


8276 
CHARACTER----------,Ir--------------------------"',r-------------------------~'r--------------- 
OUTPUT 
(CCO-CC6) 


THIRD CHARACTER 


RE~~~~ER------------------------------'r--------------------------~'r--------------------- 
OUTPUT 
SECOND CHARACTER VIDEO OUT 


(741161 


".34 
MHz 
'Opf 


330 
330 


0 
A 
T 
A 
• 
U 
S 


•• 


VIDEO OUT 


+V 
CRT 
•• 
HORLZONTAL 
MONITOR 


DRIVE 


+V 


1K 
VERTICAL 


DRIVE 


02 


R' 
5V-"""-'--1R2 


CEXT 
CEXT 


12 
74123 
1274123 
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Appendix 
7.3 
CRT System 
Timing 


~- 
I 
r.=1 
2 I 
3 
I 
• 1 
1 •• I 
HR,TC I 
HR:C ······1 


CHA.~~~:~JlJlJLJl,I~I~:~I~I 
I 
I 


LATCH 
LATCHI 
LATCH 
LATCH 
LATCH 
I 


CHA. , 
CT. 
2: 
CHA. 3 
CHA. • 
CHA••• 


~~~~~H~~~ 
HRTC 
(8271) 


CHAR 
CODe 
('271) 


LINE c~~~ --+-+--+-+--I-+-~+-'---+--+---+-+""'~...,..{~t--+' 


HRTC 
20 


LATCHI 
CHAR 1 


SH'FT--+-:-::I-:--t~:I:-::--t-:-±:-I--:~:-t---+-...j.---:"-+--1r-+f~t--t" 
't-+---t--r---<-...•.. 
-~+-t--t- 
REGISTER 
l.OADlNG 


VIOEO 


OUTPUT 
VIO£O 


FOR 
10TH 
CHAR 
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Appendix 7.4 
Escape/Control/Display 
Character Summary 


CONTROL 


CHARACTERS 


DISPLAYABLE 
CHARACTER 


ESCAPE 
SEQUENCE 


BIT 
000 
001 
010 
011 
lOO 
101 
110 
111 
010 
011 
lOO 
101 
110 
111 


(ji 
P 
ססoo 
NUL 
DLE 
SP 
• 
@ 
P 
P 


A 
• 


0001 
SOH 
DCl 
Q 
I 
A 
Q 
A 
Q 
A 


B 
R 
, 
0010 
STX 
DC2 
2 
B 
R 
B 
R 
B 


C 
S 
------.. 
C 
0011 
ETX 
DC3 
= 
3 
C 
S 
C 
S 


D 
T 
...-- 
0100 
EOT 
DC4 
S 
4 
D 
T 
D 
T 
D 


E 
U 
0101 
ENQ 
NAK 
% 
5 
E 
U 
E 
U 
CLR 
E 


F 
V 
0110 
ACK 
SYN 
• 
6 
F 
V 
F 
V 


Cl 
W 
0111 
all 
ETB 
7 
a 
w 
a 
w 


H 
x 
1000 
as 
CAN 
( 
8 
H 
X 
H 
X 
HOME 
H 


I 
Y 
~ 


1001 
HT 
eM 
) 
9 
I 
Y 
I 
Y 


J 
Z 
1010 
LF 
SUB 
: 
J 
Z 
J 
Z 
EOS 
I 


K 
I 
lOll 
VT 
ESC 
+ 
; 
K 
( 
K 
EL 
J- 


L 
1100 
FF 
FS 
L 
L 
II 
1101 
Cl! 
as 
- 
= 
M 
I 
M 


N 
\ 


1110 
SO 
RS 
N 
1\ 
N 


0 


1111 
S1 
US 
- 
f 
? 
0 
- 
0 


NOTE: 
Shaded block. - 
functions terminal will t •• et to. Other. can be generated but are Ignored upon receipt. 
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Appendix 
7.5 
Character 
Generator 


As previously 
mentioned. 
the character 
generator 
used in 
this terminal 
is a 2716 EPROM. 
A IK by 8 device would 
have been sufficient since a 128 character 5 by 7 dot matrix 
only requires 8K of memory. 
A custom character set could 


have been stored in the second 
IK bytes of the 2716. Any 
of the free 110 pins on the 8051 could have been used to 
switch between 
the character 
sets. 


The three low-order 
line count outputs 
(LC~LC2) 
from 


the 8276 are connected 
to the three low-order address lines 
of the character 
generator. 
The CC~CC6 
output lines are 
connected 
to the A3-A9 
lines of the character 
generator. 


Rom Address 
228H 
229H 
22AH 
22BH 
22CH 
22DH 
22EH 
22FH 


The output 
of the character 
generator 
is loaded into the 
shift register. 
The serial output of the shift register 
is the 
video output to the CRT. 


Let's 
assume 
that the letter "E" 
is to be displayed. 
The 
ASCII 
code for "E" 
(45H) 
is presented 
to the address 
lines A2-A9 
of the character 
generator. 
The scan lines 
(LC~LC2) 
will now count from 0 to seven to form the 
character 
as shown in Figure 7.5.0. 
The same procedure 
is used to form all 128 possible 
characters. 
For reference 
Appendix 
7.6 contains 
the HEX dump 
of the character 
generator 
used in this terminal. 


Bit Output" 


1234567 


45H = 01000101 
Address 
to Prom = 01000101 
= 228H 
- 
22FH 
Depending 
on state of Scan 
lines. 


Bits 0, 6 and 7 are not used. 


"note bit output is backward 
from convention. 


Character 
generator 
output 


Rom Hex Output 
3E 
0 
02 
)()OOOC 
02 
OE 
02 
02 
3E 
00 


Figure 7.5.0 
Character Generator 
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Appendix 7.6 
Hex Dump of the Character Generator 
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Appendix 7.7 
Composite Video 


In this design 
it was assumed 
that the CRT monitor 
re- 
quired 
a separate 
horizontal 
drive. 
vertical 
drive. 
and 
video 
input. 
Many 
monitors 
require 
a composite 
video 
signal. The schematic 
shown in Figure 7.7.0 illustrate how 
to generate a composite 
video from the output of the 8276. 


The dual one-shots 
are used to provide 
a small delay and 


the proper horizontal 
and vertical 
pulse to the composite 


video monitor. 
The delay introduced 
in the horizontal. and 
vertical 
timing is used to center the display. 
The 7486 is 


used to mix the vertical 
and horizontal 
retrace. 
Q I mix 


the video 
and retrace 
signals 
along 
with providing 
the 


proper D.e. levels. 


50 
K 
K :J 
4.7K 
10K 
L: 
50 
7.LS221 
74LS221 
5 
5 
2 
2Q 
2Q 
2 
B, 
B, 
" 
1 - 
,.!...5V 
5V--.! 
1 
~ 
A, 
A, 


~ 
2K 
2 . 


• 7OpF1. 
e 
.OOl,..F 
.1,..F 
11 
14 
.05 
" 
ex 
" 
" 
15 ex 
1\ 
ex 
ex 
" 
7 
7 
15 
- 
RXCX- 
-RXCX 
- 
• Q, 
B2~ 
B2l 
I 
7~~ 
IQ 
5V 


HRTC 
VRTC 


2. 
2K 


7~ 


COMPOSITE 
VIDEO 
OUT 


6600 


1KO 
+5 ----_y.,.- ...• 


1KO 
VIDEO >-----'\NV--l 


1500 


Figure 7.7.0 
Composite Video 
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Appendix 7.8 
Software Documentation 


1*·······_--_········································· 
...*.* •••• **.**** •• *****. 
*** •• *.** •••••• ** ••••• *••• *** •• *•• **.**~*.*•••*•• *** ••• *.******* ••******.*.*.*. 
••••••• 
••• ** •• 
••••••• 
SJFnoIARE IXJCI.Io1ENI'ATICNFOR TIlE 8051 
••••••• 
••••••• 
TERUNAL 
a:Nl'IVILER 
APPLICATICN 
IVI'E 
••• *••• 
••••••• 
******* 
••••••••• 
*•••••••• 
*.********** ••*.***** •••••••• **** ••• **•••••• 
*.****.**.*.** ••• 
********.*.*.****** 
••• ***** •••••••• 
*•• ** ••••• ** •• *** ••••••••••• 
** ••• **********. 


MEM)Rt MAP ASSOCIATED WITH PERIPHERAL DEVICES 
(USING MJ\IX): 


8051 
WR AND READ DISPrAY 
RAM- 
l\OO!lESS 100<11 ID 
17CFl1 
8051 
WR DISPIAY 
RAMID THE 827&- 
l\OO!lESS 180011 ID 
lFCFH 
8276 
aJtoII\ND 
l\OORES5- 
l\OO!lESS OOOlH 
8276 
PARAME:l'ERl\OORES5- 
l\OO!lESS 000011 
8276 
Sl'ATUS REXiISl'ER- 
l\OORESS OOOlH 


MEM)Rt MAP FOR RFADING TIlE KE'iOOMD 
(USING MJIA::): 


l\OORESS 10WH 
ID 
17FIi'H 


1···_·········-· __··· 
srART 
MAIN 
PllXiRAM 
** ••••••••• 
*.*****.*.**** ••/ 


/. 
BBGIN fr{ P!1lTING TIlE AOCII 
COOE FOR EI!..I\N( 
IN THE DISPrAY 
RAM·/ 


INIT: 
IF'ILL 
2000 
LOCATICNS IN TIlE DISPIAY 
RAMWITH SPlICES 
(ASCII 
20H) I 


/. 
INITIALIZE 
I'OIm"ERS, 
RAM BITS, 
El'C. 
./ 


I 


INITIALIZE 
I'OINTERS AND FLAGSI 
INITIALIZE 
IDP 
OF THE CRr 
DISPIAY 
"LINEO"=1800ll1 
INITIALIZE 
8276 
lUFFER 
I'OINl'ER 
"RASTER" 
=180OHI 
INITIALI 
ZE DISPIAY $RAM$I'OIIfl'ER=OOO<llI 


/. 
INITIALIZE 
THE 8276 
./ 


REb"m' THE 82761 
INITIALIZE 
8276 
ID 
80 CHM/ICl'EIVIOI I 
INITIALIZE 
8276 
ID 
25 lUiS 
PER FRl\ME 
INITIALIZE 
8276 
ID 
10 LINES 
PER lOll 
INITIALIZE 
8276 
ID N:N-BLItt<ING 
UNlERLINE 
aJRSERI 
INITIALIZE 
aJRSER 
ID 
II:ME I'OSITICN 
(00,00) 
(UPPER !.EFl' 
HAND COmER) I 
STAR!' DISPIAY I 
awlLE 
8276 
INl'ERlUPI'1 


/* SE!' UP 8051 
IN1'ERRJPl'S 
AND PRlORlTIFS 
./ 
I 


SERIAL 
PORI' HAS HIGIIES'f 
INI'ERRJPI' 
PRI0Rl'lY I 
EX'l'ERW. 
::N!.'ERlUPTS ARE ~ 
~ITIVEI 
DWlLF. 
~'X'l'Ema.L 
INl'ERRUPTS J 
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/*P!O:EllJRE 
OCANNER: THIS 
PR:CEllJRE 
OCANS THE KEY'OOARDAND DFJl'ER-IINES IF 
A 
SINGLE VALID KEY' HAS BErn 
FUSHED. 
IF 
TRJE 'l'Hm 
THE AOCII 
ElJUIVALENl' 
WILL BE TRANSoIITTED 'IQ THE fI)SI' 
CCMIUrER.*/ 


OCJ\NNER: 


{ElW3LE 
8051 
GlDBAL INl'ERRJPT 
BIT} 


/* 
PRJGRAl+lABLE DELAY FUR THE OJRSER BLUI< 
*/ 


IF 
{30 VERl'ICAL 
REl'RI'CE Im'ERfUPl'S 
HAVE CCCURRID (OJRSER$O:XJNr=lFII)} 
'l'Hm 
00; 
! 
<XMPLfMENr OJRSERSrn} 
CIEAR OJRSER$(XXJNl'} 
IF 
{OJRSER IS ro BE OFF 
(0JRSER$rn=0)} 
T!IE}I {!DVE OJRiER 
OFF THE OCREEN} 
CALL LOI\D$aJRSER; 
ElID; 


IF 
{nIE 
LOCAL$LINE SWI'IOI 
HAS CHI\N3ED grATE} 
T!IE}I 
00; 
IF 
{IN 
LOCAL IoOlE} T!IE}I {DISABLE SERIAL 
RlRl' 
INl'ERIUPT} 
ELSE CALL CHEO<$BAUD$RATE; 
END; 


00 WHILE {~ 
VERl'ICAL 
~} 
IF 
{nIE 
FIFU 
HAS A 0IARl'CTER 
'IQ 
PRX::ESS 
(SERIAL$INT=1)} 
T!IE}I CALL DEX:IFHER; 
DID; 


CALL READER; 


IF 
!THE PRESENI' PRESSED KEY' IS 
muAL ro THE LASr 
f.J:X PRESSED AND VALID=1} 
T!IE}I 
CALL AIJIO$REPEAT; 
ElSE 
00; 
IF 
{A KEY' IS 
PRESSED B1l' 
OOI' THE SAME (NE 
AS THE LASr KEY'OOMD OCAN} T!IE}I 
00; 
IF 
{CNLY (NE 
KEY' IS 
PRESSED} T!IE}I 
l' 
GEl' THE AOCII 
axE 
FUR IT} 
SET ~ 
AND VALID FLAGS} 
ELSE 
RESE!' VALID AND NEH$KEi 
FUIGS} 
END; 
ELSE 
{nIE 
KEY'OOMD I"IJgr 
OOI' HAVE A KEY' PRESSED 00 
RESET VALID$KRi 
AND NEH$KEi 
FUIGS} 
1:2ID; 


/* 
PRXEXlRE 
AIJIO$REPEAT: 
THIS 
PR:CEllJRE 
WILL PERFOIM AN AIJIO REPEAT rutCI'ICN 
B'i TRAN9o\ITI'ING 
A CIlARl'C'reR 
EVERi cmiER 
TIME THIS 
IOJl'INE 
IS 
CALLED. 
THE AIJIO REPEAT rutCI'ICN 
IS 
ACTIVATED AFTER A FIXID 
DELAY PERIOD AFTER nIE 
FIRSI' 
0lARI\C'reR 
IS 
SENI'*/ 


AIJIO$REPEAT: 


IF 
{nIE 
KEY' PRESSED IS 
NDi 
(~=l} 
T!IE}I 
00; 
! 
CIEAR THE DIVIlE 
B'i 'M) 
cwtm:R 
"TR1IN9UT$'l'OQiLE"} 
INITIALIZE 
THE DELAY cwtm:R 
"TR1IN9UT$(XXJNl'" ro OOW} 
CALL TRAN9UT; 
/" 
FIRSI' 
0IARl'CTER */ 
{CIEAR~} 
ElID; 
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ELSE 
00; 
IF 
{TRl\N9UT$CUJNl' 
IS 
wr 
mw. TO 01 'lmll 
00; 
{IOCREMENl' TRI\N!MIT$CUJNl'1 
IF 
TRl\N9UT$CUJNl'=OFFH 
'l'HEll 
00; 
<;:ALLTRI\N!MIT; 
1 
\CIEAR 
TRl\N9UT$CUJNl' 
END; 
END; 
ELSE 
00; 
{'IDRN 'mE 
aJllSER 
CII IXJRIN:; 'mE 
AIm) 
REPFAT roterICIII 
IF 
TRl\N9UT$'l'(Xl;IE 
= 1'l'HEll 
CALL TRl\N9UT; 
{cx:MI'I:.&IENl' TRl\N9UT$"lOO:U 
1 
END; 
END; 


1*r:JFJR ~ 
FIRST 
CHMACl'ER AND THE SIiXXH> *1 


I*SEX:XH> CHMACl'ER *1 


1* 
2 VERI' FlW!fS 
~ 
3ID TO Nl1I ~ 
*1 
1* 
3ID 'l'I!RXlGI 
N1'lI CHMACl'ER *1 • 
1* 
P~EWRE 
TRI\N!MIT- 
CN:E 
THE 110091' cnuvrER 
SI~ 
THE 805Ui 
~ 
B~IN3 
'mE 
CIEAR-TO-SEND 
LINE 
LON, 'mE 
AS::II 
CHARACTER IS 
lUl' mro 'mE 
SERIAL 
PORI'. *1 


TRAN!MIT: 
P~EI.lJRE; 
IF 
{'mE 
'I'ER'UNAL IS 
CII- LINE 1 'l'HEll 
00; 
I 


WAITUNl'IL 
'mE 
CIEAR$'l'O$SEND LINE 
IS 
LON I\ND UNl'IL 
'mE 
8051 
SERIAL 
PORI' TX IS 
wr 
1lJ~ 
TRl\N9UT 
'mE 
AS::II 
CXlIEj 
CIEAR 'mE 
FLAG "TRAN!MIT$INT". 
'mE 
SERIAL 
PORI' SERVICE I01l'INE 
WILL SE!' 'mE 
FLAG 
WHEN'mE 
SERIAL 
PORI' IS 
FINISHED 
TRl\N!MITTIN31 
END; 
ELSE 
{'mE 
TEIMINAL 
IS 
IN 'mE 
LOCAL KlIEI 
00; 


{ 


PUT 'mE 
AS::.II 
CXlIE 
IN 'mE 
fIF01 
ncREMENl' 
'mE 
FIFO 
POINl'ER 
SE!' 
SERIAL$INT 1 
END; 
. 


END TRI\N9UT; 
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/* 
PR:x:EIl.JRE DEX::IPHER: THIS 
PR:x:EIl.JRE DEIXlDES nIE 
IIlSl' 
aJUlUTER'S 
MESSAGES AND DEl'ElMINFS 
WHEI'HER IT 
IS 
A DISPLl\YABLE CHARi'Cl'ER, 
CXNl'IVL ~, 
OR AN EOCAPE ~ 
nIE 
PR:x:EIl.JRE THEN lCrS 
AO:DRDINGLY */ 


DEX::IPHER: 
srARl'$DEX::I mER: 


VALID$RECEPTION=O; 
00 
WHILE {nIE rrro 
IS oor EMPlY AND nIE 
CHAR1CreR 
IS 
DISPLAYABLE} 
Ra::EIVE={ASCII 
COOE} 
CALL DISPLAY; 
{NEXT CHAR1CreR} 
mD; 


IF 
OIARACTERS WERE DISPLAYED} THEN 
DlSABI.E 
SERIAL 
roRI' 
INl'ERRJPl'} 
HJVE 
nIE 
REMAINING CXNl'ENl'S OF nIE 
FIFO 
UP TO nIE 
BEXiINNI~ 
OF nIE 
FIFO} 
ENABLE SERIAL 
roRI' 
INl'ERRJPl'j 
SEl' nIE 
VALID$RECEPTION 
~ 


IF 
{nIE 
FIFO 
IS 
EMPlY} TIIEN {CIPAR nIE 
"SERIAL$INl' 
~ 
AND Rm'Um} 


IF 
{nIE 
NEXT CIIl\RI\CreR 
IS 
AN "ESC" axE 
} TIIEN 
00: 
{I.()(J(Kt nIE 
CHAR1CreR 
IN nIE 
FIFO 
AFl'ER nIE 
ESC axE 
AND CALL nIE 
CXlRRB::T SUBRl1l'INE} 
, 
CALL UP$(lJRSER; 
CALL IXlWN$<lJRSER; 
CALL RIGHl'$<lJRSER; 
CALL LEf"l'$<lJRSER; 
CALL CLEAR~; 
CALL foOV$CURSER; 


/* ESC A */ 
/* ESC B */ 
/* ESC c */ 
/* ESC 0 */ 
/* ESC E */ 
/* ESC F */ 


/* ESC H */ 


/* ESC J */ 
/* BSC K */ 


; 
CALL IJ:ME; 
; 
CALL ERASE$FIOI$ClJRSER$'ro$mD~; 
CALL BLINE; 
I 


DISABLE nIE 
SERIAL 
PORT INl'ERRJPl'} 
HJVE 
nIE 
REMAINING cx:Nl'ENl'S 
OF nIE 
FIFO 
UP TO nIE 
BEXiINNIKi OF nIE 
FIFO} 
ENABLE nIE 
SERIAL 
roRI' 
INl'ERRJPl'} 
SEl' 
nIE 
"VALID$RECEPTION" 
~} 


IF 
{THE FIFO 
IS 
QoIPlY} TIIEN {CIZAR nIE 
SERIAL$INl' 
~ 
AND RmUm} 
mD; 
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IF 
{THE NEXT CIlARI\Cl'ER IS 
A OO!fI'OOL CI:U:} 
THEN 
00: 
{CALL THE RIGIfi' 
SUBIOJTINE} 


CALL LEIT$CURSER: 
/* CTL H */ 
, 
CALL LINE$FEED: 
/* CTL J *~ 


/* CTL L */ 
/* CTL M */ 


, 
CALL CLEAR$SCREffi: 
CALL CARRlAGE$REl'UR'l: 
I 


DI SABLE THE SERIAL 
FORI' INl'ERIUPl'} 
KM: THE REMAINING a:Nl'ENl'S 
OF THE FIFO UP TO THE aa:;INNI~ 
OF THE ~'nu} 
ElWlLE 
THE SERIAL 
FORI' INl'ERIUPl'} 
SET TIlE 
"VALID$REO:Pl'Iell" 
FUG} 
ENDl 


IF 
{ID VALID CODE WAS R&:EIVED 
("VALID$REO:Pl'Iell" 
IS 
O)} THEN 
{'1lIlOI 
THE CIlARI\Cl'ER oor AND !tJVE THE RaW:NI~ 
a:Nl'ENl'S 
OF THE FIFe} 
[up ro THE aa:;INIU~} 


IF 
[THE FIFO 
IS 
1'MPl'lC} THEN {CLEAR Tlffi SERIAL$INl' 
FUG 
AND REl'UR'l} 


END DEI:IPHERl 


/* 
PKlCELIJRE DISPLAY: 
THIS 
PRXElIJRE 
WILL TAKE THE BYTE IN RAM IABELED 
R&:EIVE 
AND PUT IT 
INro 
THE DISPLAY RAM. */ 


DISPLAY : 


{PUT INro 
TIlE DISPLAY RAM LOCATIell 
FOINl'ED TO BY "DISPLAY $RAM$FOItfl'ER 
THE a:Nl'ENl'S 
OF REI:EIVE} 


IF 
ITHE Elm OF THE DISPLAY MEKlR{ HAS' BEm 
REACHED} THEN 
RESET "DISPLAY$RAM$FOINTER" 
TO THE aa:;INNI~ 
OF THE RAM} 
ELSE 
{INCREMENI' "DISPLAY$RAM$FOINTER"} 


IF 
{THE ClJRSER IS 
IN THE LASl' <X>Ia\N OF TIlE CRI' DISPLAY} THEN 
001 
{KM: THE CURSER lWl{ TO TIlE aa:;INNI~ 
OF TIlE LINE} 
IF 
{'1lIE NEW DISPLAY RAM IOCATIell 
HAS A aID-OF-LINE 
0iARI'Cl'ER 
IN IT} 
THEN 
CALL FILL; 


IF 
{'!liE ClJRSER IS 
ell 
TIlE LASl' LINE OF THE CRI' DISPLAY} 
THEN 
CALL SCR:>LLl 
ELSE 
{l'OVE TIlE CURSER TO TIlE NEKT LINE} 
ENDl 
ELSE 
{INCRIHNl' 
THE ClJRSER TO TIlE NEKT LOCATIell} 


{'lUR'l THE CUR$R 
ell 
} 
CALL I.O/\OCURSERI 
EN> DISPLAY; 
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/* 
PRXEIlJRE 
LINE$FEED 
*/ 


LINE$En:D: 


IF 
{mE 
OJRSER 
IS 
IN mE 
LI\Sl' 
LINE OF mE 
CRI' DISPLAYI 
'l'HE}I 
CALL SCRJu..; 
EI.SE 
00; 


! 
!fJVE mE 
CURSER 'ID mE 
NEXT LINEI 
'lUR'I mE 
CURSER 001 
CALL LOI\D$CURSER; 
EN>; 


IF 
!mE 
DISPI.AY$RAM$POIlfl'ER 
IS 
00 
mE 
LI\Sl' 
LINE 
IN TIlE DISPLAY RAMI 'l'HE}I 
!fJVE TIlE DISPI.AY$RAM$POIlfl'ER 
'ID TIlE FIRSI' 
LINE 
IN TIlE DISPLAY RAMI 
EI.SE 


{follVE TIlE DISPI.AY$RAM$POIlfl'ER 
'ID THE NEXT LINE 
IN TIlE DISPLAY RAMI 


IF 
{mE 
FIRSI' 
CIIARI\CTER IN TIlE !IDol LINE CXlNl'AINS AN EN>-<>F-LINE 
CIIARI\CTER I 
'l'HE}I 
CALL Flu..; 


EN> LINE$FEED; 


/* 
PRXEIlJRE 
SCR:>u.. 
*/ 


SCRJu..: 


CALL !![.NI{; 
{DISABLE VERl'ICAL.Rm'JW:E 
INl'ERfVPl'1 


IF 
!TIIE FIRSI' 
LINE 
OF TIlE CRI' a:Nl'AINS 
TIlE LI\Sl' 
LINE OF TIlE DISPLAY MEM)R{I 'l'HE}I 
!fJVE TIlE POIlfl'ER 
"LINEO" 
'ID mE 
B!'XiINNIlli 
OF TIlE DISPLAY MEM)R{} 
EI.SE 


{!fJVE 'LINEO" 
'ID mE 
NEXT LINE 
IN TIlE DISPLAY MEM)R{} 


{ENABU: VERl'ICAL 
Rm'JW:E 
INl'ERfVPl'} 


Elm 
SCRJu..; 


/* 
PRXEIlJRE 
CLEAR SCREEN 
*/ 


CLFAR$SCRE»I : 


CALL IDlE; 
CALL ERASE$FIOI$CURSER$TO$END$CF$SCRE»I; 


EN> CLFAR$SCREEN; 
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/* 
PKX:EIlJRE 
IDlE: 
'!lIIS 
PKX:EIlJRE 
MJ\IES THE OJRSER 'ID THE 0,0 
POSITIGI 
*/ 


IDlE: 
! 
foIlVETHE OJRSER 
POSITIGI 
'ID THE UPPER LEFl' 
HANDCOmER 
OF THE CRrI 
~ 
THE OJRSER 001 
CALL UlI\D$OJRSER; 
{foIlVE THE DISPlM$R1IM$POINl'ER 
'ID THE CXlRRB::TIJ:X:1a'IGI 
IN THE DISPlM 
RAMI 


/* 
PRJCEnJRE 
ERASE FR:M aJRSER 
'ID EH> OF &:REm: 
*/ 


CALL BLINE; 
/* ERASE OJRRENl' LINE */ 


IF 
(THE OJRSER 
IS 
oor 
00 THE U\Sr 
LINE 
OF THE CRI' DISPlM 
I THEN 
Sl'ARl'ING 
WITH THE tlFXT LINE,ror 
AN mD-<lF-LINE 
OIARI\CTER 
(OFlH) 
IN THE DISFLAY RAM IJ:X:1a'IGIS 
'1lIAT CORRESRIID 
'ID THE BEXiINNIN; OF 
THE CRI' DISFLAY LINES 
UNl'IL 
THE 0C11TCMOF THE CRr 
&:REm 
HAS BEEli REACHEDI 
END; 


/*PRX:EnJRE 
foIJV$CURSER: THIS 
PIVCElXJRE IS 
USED IN CXNJUtCl'IGI 
WITH I'URDSl'AR 
IF 
A EOC F IS 
REX:EIVED FIOI 
THE HCel' cx:Ml'{JreR, 
THE TEIf.IINAL CXNl'OOILER WILL 
RFAD THE NEXT 'IW) RiTE 
'ID IJErERoIINE WHERE'ID MJ\IE THE OJIlSER. 
THE FIRSI' 
RiTE 
IS 
THE R:M INFORoIATIGI FOI..LCl'iEDRi 
THE CXlllM'l 
INFORoIATIrn 
*/ 


foIJV$CURSER: 
l 


WAIT UNl'IL 
THE FIFO 
HAS REX:EIVED THE tIFXT 'IW) OIARACTERSI 
foIlVE THE OJRSER 'ID THE IJ:X:1a'IGI 
SPR:IFIED 
IN THE EOCAPE ~I 
foIlVE THE DISFLAY $RAM$POINl'ER 'ID THE CORRECl' IJ:X:1a'IGlI 


IF 
THE FIRSI' 
OIARACTER IN THE NEH LINE 
HAS AN EN>-OF-LINE 
OIARACTERI THEN 
CALL FILL; 
END; 
I 


DISABLE THE SERIAL 
PORr 
INl'EIUUPl'I 
foIlVE THE REMAIN CXNl'ENl'S OF THE FIFO 
UP 'IW) IJ:X:1a'IGIS 
IN MFMlRi I 
DEI:REMENl' THE FIFO 
IJf 'IW) I 
alABLE 
THE SERIAL 
PORI.' INl'EIUUPl'I 


/* 
PIVCElXJRE LEFl' 
OJPSER: 
THIS 
PKX:EIlJRE 
MJ\IES THE OJPSER 
LEFl' 
CIiE COllM'/ 
Ri 
SUBl'RACTING 1 OF THE OJPSER 
COIlJo!N RAM IJ:X:1a'IGI 
THEN CALL LOAD aJRSER */ 


LEFl'$OJRSER: 


IF 
{THE OJRSER 
IS 
oor 
IN THE FIRSI' 
IJ:X:1a'IGI 
OF A LINEI 
THEN 
00; 
! 
KJIIE THE OJRSER LEFl' 
IJf CIiE IJ:X:1a'IGlI 
~ 
THE OJRSER 001 
CALL LOAD$ClJRSER; 
{DEI:REMENl' THE DI SFLAY$R1IM$POINl'ER Ri 
CliEI 
END; 


EH> LEFl'$OJIlSER; 
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/* 
PR:CEIlJRE 
RIGm' 
aJRSER: 
THIS 
PR:CEIlJRE 
MJIIES TIlE aJRSER 
RIGm' 
CNE COUMI 
Ri 
AIDING 
1 'ID TIlE aJRSER 
COUJo!N RAM WCATIOO 'nIDI 
CALL l£W) 
arnsER 
*/ 


RIGHl'$aJRSER: 


IF 
{TIlE OJRSER 
IS 
oor 
IN TIlE LAST OOSITIOO OF TIlE eRr 
LINE 1 'nIDI 
00, 


! 
MJIIE TIlE aJRSER 
RIGHl' Ri 
CNE WCATIOOI 
'lURI 
TIlE OJRSER 001 
CALL l£W)$aJRSER, 
{N:R&IENl' 
TIlE DlSPLAY$RAM$FOINl'ER 
Ri 
CNE} 
mD, 


/* 
PR:CEIlJRE 
UP ·aJRSER: 
THIS 
PR:CEIlJRE 
MJIIES TIlE aJRSER 
UP CNE IOi 
Ri 
SUIJ1'RI\C'l'IH 
1 'ID TIlE OJRSER IOi 
RAMWCATIOO 'nIDI 
CALL UlI\O amBER 
*/ 


UP$aJRSER: 


IF 
{TIlE OJRSER 
IS 
oor 
00 TIlE FIRSI' 
LINE OF TIlE eRr 
DISPlAY} 
'nIDI 
00, 


! 
MJIIE TIlE aJRSER 
UP (NE 
LINE} 
'lURI 
00 TIlE aJRSERI 
CALL UlI\O$aJRSER, 


IF 
!TIIE DISPlAY$RAM$FOINrER 
IS 
IN TIlE FIII9l' 
LINE OF DISPlAY 
M9«lRt} 
'nIDI 
MJIIE TIlE DISPlAY$RI\M$FOINl'ER 
'ID TIlE LAST LINE OF DISPlAY 
M9«lRt} 
ELSE 
{MJIIE TIlE DISPlAY$RI\M$FOINl'ER 
UP (NE 
LINE 
IN DISPlAY 
MEK>Rt} 


IF 
{TIlE FIRSI' 
WCATIOO OF TIlE ~ 
LINE cx:tn'AINS 
AN I'H>-OF-LINE 
ClIARI\C'reRI 
'nIDI 
CALL FILL, 


/* 
PR:CEWRE 
OOWNCURSER: THIS 
PR:CEIlJRE 
MJIIES TIlE aJRSER 
OOWNCNE IOi 
Ri 
AIDING 
1 'ID TIlE aJRSER 
IOi 
RAMWCATIOO 'nIDI 
CALL l£W) 
c;tJRSER */ 


OOWN$aJRSER: 


IF 
{TIlE aJRSER 
IS 
oor 
00 THE LAST LINE OF TIlE CRI' DISPlAY 1 'nIDI 
00, 


! 
roRN 
TIlE aJRSER 
001 
KJ\IE TIlE CURSER 'ID TIlE NEXT LINE} 
CALL IDAD$(lJRSER, 


IF 
!TIIE DlSPlAY$RAM$FOINrER 
IS 
oor 
00 TIlE LAST LINE OF TIlE DISPlAY 
M9«lRt 1 'nIDI 
M)VE TIlE DlSPLAY$RAM$FOINl'ER 
'ID TIlE NEXT LINE 
IN TIlE DISPlAY 
M9«lRt} 
ELSE 
{KJ\IE TIlE DlSPIAY$RAM$FOINl'ER 
'ID TIlE FIII9l' 
LINE 
IN TIlE DISPlAY 
M9«lRt} 


IF 
{TIlE FIRSI' 
CliARAC'reR IN TIlE ~ 
LINE 
IS 
AN mD-<>F-LINE 
ClIARI\C'reR} 'nIDI 
CALL FILL, 
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/* 
*/ 


CARRIAGE$~. 
i 


foDVE TIlE DISPIAY$AAM$POtm'ER 
TO TIlE BmINNIOO 
OF TIlE aJlWNl' 
LINE 
IN 'l'Iq; DISPLAY M&t1Rt} 
!oDVE 
TIlE aJRSER 
TO TIlE BmINNIOO 
OF TIlE aJRRENl' 
LINE OF TIlE CRt' DISPLAY J 
~ 
TIlE aJRSER oo} 
CALL IJ:W)$OJRSER, 


END CARRIAGE$~, 


/* 
PRXEllRE 
LQN) CURSER. 
LQN) CURSER TAI<Q;l TIlE V1IWE IIELD IN RAMAND 
LQN)5 
IT 
mm 
TIlE 8276 
aJRSER 
REGISTER. */ 


IJ::W)$CURSER. 
PRXEllRE, 
IF 
!TIIE CURSER IS oo} 'llIEN 
!oDVE 
TIlE aJRSER 
BACl<CNro 
TIlE CRr 
DISPIAY} 


1 


01SABLE BUFFER INl'ERRJPl'} 
WRITE TO TIlE 8276 
aJRSER 
REGISl'ERS 
TIlE X,'! ux::ATlooS} 
DlABLE BUFFER INl'ERRJPl'} 


END IJ::W)$CURSER, 


/* 
PRXEllRE 
CHED< Bl\UD RATE: THIS 
PRXEllRE 
READS TIlE THREE PORt' PINS 00 P1 AND sm'S 
UP 
TIlE SERIAL 
PORt' FOR THE Sm::IFIED 
Bl\UD RATE */ 


CHED<$Bl\UD$RATE: 
I 


sm' TIMER 1 TO fO)E 
1 AND AIJro 
RELQN)} 
~ 
TIMER oo} 
DlABLE SERIAL 
PORt' INTERRIPr I 
READ Bl\UD RATE SWI'l'CIm) 
AND sm' 
UP RELQN) V1IWEI 
, 
'l1U-04OH, 
'l1I1-0MlH, 
'l1I1-00tll, 
TH1-OEBH, 
'l1I1-QF4H, 
'l1I1-QFlIH, 
'l1I1-0n»h 


/* 00 
IS oor ALI.QoiED */ 
/* 
150 
Bl\UD */ 
/* 
300 
Bl\UD */ 
/* 
600 
Bl\UD */ 
/* 
1200 
Bl\UD */ 
/* 
2400 
Bl\UD */ 
/* 4800 
Bl\UD */ 
/* 
9600 
Bl\UD */ 
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;* 
PR:X:EIlJRE 
RElIDER: TIllS 
PR:X:EIlJRE IS 
WRITI'EN IS 
ASSEMBLY,u.!GJAGE. 
mE 
EX'l'EIWIL PIO:ElXJRE 
&:ANS THE 8 LINES 
OF mE 
J<Ei8:l1>.H> 
AND REI\DS THE RE:roIN 
LINES. 
mE 
srATUS 
OF mE 
8 REroRN LINES 
ARE 'l'HE}I S'roRED IN I~ 
MEMl~ 
ARRAY CALLED aJRI1ml'$K& 
*; 


READER: 


I 


{INITIALIZE 
FlAGS 
"1<&0"=0, 
"SlIME" =1, 
0 00JNl'ER=0} 


00 
UNl'IL 
{ALL 8 J<Ei8:l1>.H> 
&:AN LINFS 
ARE READ} 
{READ J<Ei8:l1>.H> 
&:AN} 
IF 
(N:) J<Ei 
WAS PRESSED} 'l'HE}I 
{INCREMOO' 0 00JNl'ER} 
ELSE 
IF 
{mE 
J<Ei 
PRESSED WAS IVl' 
mE 
SlIME KEX '!HAT WAS P~SED 
THE LAST TIME 
mE 
J<Ei8:l1>.H> 
WAS READ} 'l'HE}I 
{CLEAR "SlIME" AND WRITE IIDi 
&:AN RmlLT 
'ID CURRENl'$KEX RAMARRAY} 
END, 


IF 
IALL 8 &:ANS DIDN'T 
HAVE A KEX P~sm 
(0 00JNl'ER=8)} 
'l'HE}I 
SEl' 
KEX0, 
AND CLEAR SlIME} 


END READER, 


;* 
PR:X::E!lJRE BLI\Ii(: 
T1US EXTEmAL 
PR:X::E!lJRE FILLS 
LINEO WITH SPACES 
(20H AOCII) 
WRING 
mE 
SCroLL 
lOJI'INES. 
*/ 


BLANK: 


00 
1= 
{BffiINNIn;; 
OF THE CRr 
DISPLAY 
(LINED)} 
'ID 
{LINEO + SOH} 
{DISPLAY RAM POINTED 'ID 
B'i 
"I" 
= SPlICE 
(AOCII 
20H)} 
NEXT I 
END, 


END BLANK, 


;* 
PR:X::E!lJRE BLINE: 
TIllS 
EXTEmAL 
PR:X::E!lJRE BI.JW<S F'IQ.I 
mE 
OJRSER 'ID mE 
END OF 
mE 
DISPUIY 
LINE 
*; 


BLINE: 


00 
f= 
{aJRRJ:Nl' 
aJRSER 
POSITICtI 
CtI CRr 
DISPLAY} TO Imp OF IOI} 
DISPLAY RAM POINTED 'ID B'i 
"I" 
= SPACE 
(AOCII 
20H) I 
NEXT I 
END, 


END BLINE, 


/* 
PR:X::E!lJRE FILL: 
TIllS 
EXTEmAL 
PR:X:EIlJRE FILLS 
A DISPLAY LINE WITH SPACES*; 


FILL: 


00 
1= 
{BEGlNUn;; 
OF mE 
LINE THAT THE aJRSER 
IS 
CtI} 'ID {END OF THE IOI} 
{DISPUIY 
RAM POINTED 'ID B'i 
"I" 
- 
SPACE 
(AOCII 
2OH)} 
NEXT I 
END, 


END FILL. 
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Appendix 
7.9 Software 
Listings 


PL/M-51 
CCMPlLER 


ISIS-Il 
PL/M-51 
Vl.l 
CCMPlLER INVCl<ID Il'i: 
PlM51 
:Fl:CRl'PU1.SIC 


$OPl'IMIZE (1) 
$OOINlVECIUR 
SlOt (IAR:iE) 


/******.**.*** 
••••••• *** •••••••••••••• 
** ••••••••• 
*** ••••• 
******** 
•••• *.*.*****.* 
*.***••••** •••• *.~.*••*•••• *.** ••• **••**.* ••*.*.**.* ••*.* •• *.*.*.******** ••*.*.* 
******* 
***.*.** 
*••••• 
* 
••••••• 
******* 


PIM51 SOFlliARE FOR THE 8051 
TERoIINAL 
CONl'K)ILER APPLICATICN IVI'E 
••• ***.* 
*•••• *** 
.*.•••** 
*** ••••••• *** ••••••• 
* •••• ** ••••••• *** •• ** •• ****** •••••••••• 
**•••••••• **.**.** ••• 
••••••• *** •• ****.***** ••••••• *••• *••• *** •••• ******** ••••• **** ••• *.* ••••• ** ••• *.* 


MEM>R{MAP ASSX:IATED WITH PERIPHERAL DEVICES (USING!OJX): 


8051 
WR AND READ DISPLAY IW4- 
AOORESS 100(Jl 
ro 
17CFl1 
8051 
WR DISPLAY RAMID THE 8276-- AOORESS 180(Jl 
ro 
lFCm 
8276 
CXM1ANOAOORES5- 
AOORESS OOOlH 
8276 
PARAMETERAOORES5- 
AOORESS 000(Jl 
8276 
srA'lUS 
REGISTER- 
AOORESS OOOlH 


AOORESS 10m! 
ID 
17m! 


THE FOLLCWINGSOFlliARE 9oIl'l'CHES 
Klsr 
BE SEl' J>a:OH>ING ro 
THE 'lYl'E OF 
KElOOMO 'llIAT IS WIN:; 
ID BE USED. 


SW1- SE:!' WHrn USIN:; AN t.JN!E':XJ[E) KElOOMO IS ro 
BE USED 
SW2- SE:!' WHrn USING A DEXXllE:>OR A SERIAL 'lYl'E OF KElOOMO 


UNO&llDED KElIlCll\R)- CRl'PtM.OBJ ,CRml:M.OBJ ,KElBO.oaJ 
,PlH51.LlB 
DEXXllE:>KElIlCll\H>-CRl'PtM.OBJ ,CRml:M.oaJ 
,DElXDE.OBJ ,PlH51. 
LIB 
0El'1CIII'D KElIlCll\H>-CRl'PU1.OBJ ,CRml:M.OBJ ,OEl'l\CH.OBJ ,PlH51.LIB 
*/ 
$SEl' 
(SW1) 
$RESE:I' (SW2) 
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PL,IM-51 
a:MPILER 


1 
1 


2 
1 
3 
1 
4 
1 
5 
1 
6 
1 
7 
1 
8 
1 
9 
1 
10 
1 
11 
1 
12 
1 


13 
1 


CRl'$CONTRJLLER: 
00: 


/**•••***** •• ***** 
DECLARE 
LITERALS 
••••• ** ••• **••••• ** ••••• / 


OEOJlRE 
LIe 
LITERALLY 
'LO:AL$LINESO!AN3E': 
OEOJlRE 
REI> 
LITERALLY 
' REI>ISl'ER' : 
DEX::IAREOJRRENl'$irnl 
LITERALLY 
'OJR<ElC': 
OEOJlRE 
SERIAL$SERlTICE 
LITERALLY 
'SElUlJF', 
OOCIARE OIS~$RAM$POINl'ER 
LITERALLY 
'POINT': 
OOCIARE SERIAL$Im' 
LITERALLY 
'SERINT': 
OEOJlRE 
TRAN9o\IT$INT 
LITERALLY 
'TmINT': 
DEX::IAREOJRSER$COUJoIN LITERALLY 
'OJRSER', 
DEX::IARELASl'$irnl 
LITERALLY 'LSl1rnl': 
DEX::IAREOJRSER$CCXJNT LITERALLY 
'CXlJNT': 
DEX::IAREOCI\N$INT LITERALLY 
'OCI\N': 


I·········REI>ISl'ER DEX::IARATIOOSFOR TIlE 8051 ·················1 


I········· 
~TE 
REI>ISl'ERS ········1 


OOCIARE 
PO 
~TE 
AT (8011) 
REI>, 
Pl 
~TE 
AT (90H) 
REI>, 
P2 
~TE 
Nr (OAOII) REI>, 
P3 
~TE 
Nr(OBOII) 
REI>, 
PSW 
~TE 
AT (00011) 
REI>, 
NX 
~TE 
Nr (OEOII) Rm, 
B 
~ 
Nr(OFOII) 
REI>, 
SP 
HiTE 
Nr(8lH) 
REI>, 
OPL 
~ 
Nr(82H) 
Rm, 
OPH 
~TE 
Nr (83H) 
Rm, 
RXN 
~ 
Nr (87H) 
Rm, 
'ID::fi ~ 
Nr (88H) 
Rm, 
'!MD ~TE 
Nr(89H) 
Rm, 
TLO 
~ 
AT(BAH) 
Rm, 
TLl 
~ 
Nr(8BH) 
REX;, 
'm0 
~ 
NrUICH) 
REX;, 
'ml 
~TE 
Nr (Bm) 
REI>, 
lE 
~ 
Nr(OA8H) 
REX;, 
IP 
~TE 
Nr(OBBH) 
REX;, 
9XtI ~ 
Nr(98H) 
REX;, 
SIIJF 
~ 
AT (99H) 
REX;, 
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14 
1 


$EJa::T 
/ ••••••••• 
BIT REGISTERS ***.***./ 


/**.** ••••• 
PSW 
BITS **** ••*./ 


D&:IARE 
et 
arr 
N:. 
arr 
FO 
arr 
RS1 
arr 
RSO 
Brr 
eN 
Brr 
P 
Brr 


M (007H) 
M(00611) 
M (00511) 
M(004H) 
M (003H) 
M (002H) 
M (00011) 


REli, 
REli, 
REli, 
REG, 
REli, 
REG, 
REG, 


/••••••••• 
TCON 
Brrs ***•• ***/ 
TFl 
arr 
M(8m) 
REli, 
TRl 
Brr 
M(8m) 
REli, 
TFO 
Brr 
M (em) 
REli, 
'!'RO 
arr 
M (OCH) 
REli, 
IE1 
arr 
M (8BH) 
REli, 
rn 
Brr 
M (8AH) 
REli, 
lEO 
Brr 
M (89H) 
REG, 
rro 
Brr 
M (88H) 
REli, 


/********* 
lE Brrs ** •• ****/ 
EA 
arr 
M (0Am) 
REli, 
ES 
Brr 
M (0l\CH) REli, 
en 
Brr 
M (OABH) REli, 
EKl 
Brr 
AT(OAAH) REli, 
E:l'0 
Brr 
M (0A9H) REli, 
EKO Brr 
M (0A8H) REli, 


/********* 
IP 
BITS ********/ 
PS 
Brr 
M (OOCH) REli, 
Pr1 
Brr 
M (OBBII) REli, 
PlC1 
Brr 
M (OBNI) REli, 
PrO 
Brr 
M (OB9H) REli, 
PlCO srr 
M (0B8H) REG, 


/********* 
P3 
BITS ********/ 
ID 
Brr 
M (OB7H) REG, 
WR 
err 
M (OB6II) REli, 
Tl 
Brr 
M (OB5II) REli, 
TO 
arr 
M (0B4H) REli, 
nln Brr 
M (OB3H) REli, 
mro 
Brr 
M (OB2H) RFli, 
TXD Brr 
M (OBlH) REli, 
RXD Brr 
M (OBCII) REli, 


/********* 
SOON Brrs 
********/ 
9010 
Brr 
M(9m) 
REli, 
90Il 
Brr 
M(9m) 
REli, 
9012 
Brr 
AT(91:1I) 
RFli, 


,REN 
Brr 
M (9CH) 
REli, 
TB8 
Brr 
AT(9BH) 
REli, 
RB8 
Brr 
AT(9AH) 
REli, 
TI 
Brr 
M(99H) 
REli, 
RI 
Brr 
AT(98H) 
RElil 
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PL;M-51 
cnlPILER 
CR'I'CCNI'IDLLER 


$EJEX:T 
$IF 
SWl 
/* •••****.****.*. 
DEl:lARE OJNsrANrS*···*··················/ 


15 
1 
DEI:IARE LCW$SCAN(16) 
srROCWRE 
(KE{(8) 
B'iTE) c::GIsrANT 


('89O-',5CH,5EH,08H,OOH, 


/* 
SCAN 0, 
SHIFl' KE:i =0; 
8,9,0,-,\, 
A, 
BAQ( SPACE */ 


I uiop' ,SBH, 
I@I 
,OAU, 7FH, 
/* 
SCAN 1, 
SHIFl' 
=0; 
u,i,o,p,[,@, 
LINE FEED, DELETE */ 


'jkl;: 
I ,00H,O[ll, '7', 


/* 
SCAN 2, 
SHIFl' 
=0; j,k,l,;,:, 
REl'llR'I, 
7 */ 


'm' .zca, I.' ,DOH, 
'/' 
,OOH,OOH,OOH, 
/* 
SCAN 3, 
SHIFl' 
=0; 
m,~,. 
,/ 
*/ 


DOH, , azxcvbn 
I , 
/* 
SCAN 4, 
SHIFl' 
=0; 
a,z,x,c,v,b,n 
*/ 


'y',OOH,OOH,' 
dfgh', 
/* 
SCAN 5, 
SHIFl' 
zO; 
y, 
SPACE, d,f,g,h 
*/ 


09H, 'qwsert' 
,OOH, 
/* 
SCAN 6, 
SHIFl' 
=0; 
TAB,q,w,s,e,r,t 
*/ 


lllH,' 
123456' 
,OOH, 
/* 
SCAN 7, 
SHIFl' 
=0;ESC,1,2,3,4,5,6 
*/ 


28H,29H,00H, 
'=', 
701, 7EHIO~,OOH, 
/* 
SCAN 0, 
SHIFl' 
=1; 
(,),=, 
, 
, BAQ( SPACE */ 


'UIOP',OOH,OOH,OAH,7FH, 
/* 
SCAN 1, 
SlUFl' 
=1; 
U,I,O,P, 
LDIE FEED, DELETE */ 


'JKLt*',00H,ODH,27H, 
/* 
SCAN 2, 
SHIFl' 
=1; 
J,K,L,+,*, 
REl'llR'I, 
, */ 


'M<>',OOH,3FH,OOH,OOH,OOH, 
/* 
SCAN 3, 
SHIFl' 
=1; 
M,<,>,? 
*/ 


OOH,'AZXCVBN', 
/* 
SCAN 4, 
SHIFl' 
=1; 
A,Z,X"C,V,B,N 
*/ 


'Y' ,OOH,OOH,' 
DFG!', 
/* 
SCAN 5, 
SHIFl' 
=1; 
Y, 
SPACE, D,F,G,H 
*/ 


09H,'~' 
,OOH, 
/* 
SCAN 6, 
SHIFl' 
=1; 
TAB, Q,W,S,E,R,T 
*/ 


lllH,'I"t$l&',OOH); 
/* SCAN 7, 
SHIFl' 
=l;ESC,I,",',$,l,& 
*/ 


$E}lDIF 
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16 
1 


CRIUNl'roLLER 


$FJEl:'l' 
/·**·***···***····*OB:tARE 
VARIABLES·---··· 
__••••••••••• 
/ 


DEX:IARE 


$IF 
SW2 


INR1l' 
BIT 
AT (OB4H) 
m;, 
$ENDIF 
$IF 
SW1 
CAP$LCO< 
BIT 
AT(095H) 
m;, 
SHIFl'$KE:{ 
BIT 
AT(096H) 
m;, 
CCNI'IVL$KE:{ 
BIT 
AT(097H) 
m;, 


'":ENDIF 
LCCl\L$LINE 
BIT 
AT(OBSH) 
REXi, 
CIEAR$'ro$5aID 
BIT AT (09311) 
m;, 
DATA$TERoUNAL$RFJ\l7{ BIT AT (09 4H) 
m;; 


17 
1 
DEX:IARE ( 


$IF 
SWl 
SAME, 
VALID$KE:{, 
KtYO, 
LAST$SlITFl'$KE:{ , 
LAST$CCNI'lOL$KE:{ , 
LAST$CAP$LCO< , 
$ENDIF 


$IF 
SW2. 
K:VFLG, 
SYIC, 
B'iFIN, 
KBDINr, 
ERRJR, 
$ENDIF 


N&/$KE'{ , 
TRl\N9UT$'l'O:JJLE 
, 
aJRSER$(N, 
SERIAL$INT , 
SCAN$INr, 
TRAN9UT$INr 
, 
EOCSI'Xl, 
VALID$REX:EPl'I~ 
, 
uc, 
ENSP) 
BIT 
RJBLIC; 
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SHIFt', 
aJRSER$COL, 
aJRSER$COlllMN , 
aJRSER$R:M , 
aJRSER$OlJNI' 
, 
FIro, 
m:EIVE) 
HiTE PUBLIC, 


$IF 
&W1 
19 
1 
DEX:IARELASl'$Ul 
(8) 
HiTE RJBLIC, 
$EmIF 


$IF 
SW2 
DEX:IARELASl'$Ul 
(2) 
HiTE PUBLIC, 
$EmIF 


20 
1 
DEX:IARESERIAL (16) 
HiTE PUBLIC, 


21 
1 
DEX:IAREDISPL1IY$RIIM(7CflI) 
HiTE 
AT(100tll) 
lWXILIARl, 


22 
1 
DEX:IARE 


PARAMEl'ER$AOORESS HiTE 
AT(OOOtll) 
lWXILIARl, 
CCJotWID$AIDRESS 
HiTE 
AT(OOOlH) 
lWXILIARIC, 


23 
1 
DEX:IARE ( 


DISPLAY$RIIM$POINl'ER, 
RASl'ER, 
LINEO, 
L) 
WJR[) PUBLIC, 
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24 
2 
25 
1 


26 
2 
27 
1 


28 
2 
29 
1 


30 
1 


31 
1 


/* 
PRJCEIlJRE 
READER: THIS 
PR::On.JRE 
IS 
WRITl'El' 
IS 
ASSEMBLY LAlGJAGE. 
THE 
~ 
PR::On.JRE 
OCANS THE 8 LINES 
OF THE KE:l'BOMD AND READS THE REIUIti 
LINES. 
THE Sl'AWS 
OF THE 8 REl'IJHoI LINES 
ARE ~ 
Sl'ORID 
IN INl'ERW. 
MEMJRi ARRAY CALLED OJRRENl'$KE:l'. 
THE PIO:EE:lJRE 
CXlNTIVLS 2 Sl'AWS 
FUIGS; 
KE:l'0 AND SAME. KE:l'0 IS 
SET IF 
ALL 8 &:ANS READ NO KE:l' W1IS PRESSID. 
IF 
ALL 8 OCANS ARE THE SAME AS THE LAST READU':; OF THE KE:l'BOMD, 
~ 
SAME IS 
SET. 
*/ 


/* 
PR::On.JRE 
BLAtI(: 
THIS 
~ 
PRJCEIlJRE 
FILLS 
LINEO OCAN WITH SPlICES 
(2011 AS:II) 
WRING 
THE SClllLL 
I011'INES. */ 


/* 
PRJCEIlJRE 
BLINE: 
THIS 
~ 
PRJCEIlJRE 
BLAtl(S 
FiOI 
THE aJRSER ro THE END OF 
THE DISPlAY 
LINE 
*/ 


BLlNE: 
PRJCEIlJRE~; 
am 
BLINE; 


/* 
PRJCEIlJRE 
FILL: 
THIS 
~ 
PRJCEIlJRE 
FILLS 
THE aJRSER 
LINE 
WITH SP~*/ 


FIT..L: 
PR::On.JRE 
~; 
DID FILL; 
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/* 
PRJCEnJRE 
CHED< IWJD RATE: THIS 
PRJCEnJRE 
READS TIlE THREE RlRl' 
PINS 
CN P1 AND SE:l'S UP 
TIlE SERIAL 
RlRl' 
FOR THE SPR:IFIED 
IWJD RATE */ 


32 
1 
CHED<$IWJD$RATE: 
PRJCEnJRE; 
33 
2 
&XN=70H; 
/* 
MJ!JE 1 
ENABLE REX:EPTICN*/ 
34 
2 
TMDD=TMDOOR 20H; 
/* 
TIMER 1 AlJ'ro REUlN) 
*/ 
35 
2 
TRl=l; 
/* 
TIMER 1 CN */ 
36 
2 
ES=l; 
/* 
ENABLE SERIAL 
INl'ERRJPT* / 
37 
2 
mSP=l; 
/* 
SERIAL 
INl'ERIVPl' 
HI\SK Ft.AG */ 
38 
3 
00 
CASE 
(P1 AND 0711); 
39 
3 
; 
/* 
00 
IS 
IIJl' 
ALI.GlED 
*/ 
40 
3 
TH1=04OH; 
/* 
1SO IWJD */ 
41 
3 
TH1=OMIH; 
/* 
300 
IWJD */ 
42 
3 
TH1=0D<lI; 
/* 
600 
IWJD */ 
43 
3 
TH1=0E8H; 
/* 
1200 
IWJD */ 
44 
3 
TH1zOF4H; 
/* 
2400 
IWJD */ 
45 
3 
TH1=0FAH; 
/* 
4800 
IWJD */ 
46 
3 
TH1=0EUI; 
/* 
9600 
IWJD */ 
47 
3 
am; 
48 
1 
am CHED<$IWJD$RATE; 


/* 
PRJCEnJRE 
UlN) 
ClJRSER: 
UlN) 
ClJRSER TAKES THE VAWE HElD 
IN RAM AND 
UlI\r6 
IT 
INro 
THE 8276 
ClJRSER RB>ISTERS. 
*/ 


49 
1 
UlN>$ClJRSER: 
PRJCEnJRE; 
so 
2 
IF 
aJRSER$CN=l 
mm 
51 
2 
aJRSER$COL-<lJRSER$O)UHI; 
52 
2 
EK1=0; 
/* 
DISABLE IIlWER 
INTERRJPl' 
*/ 
53 
2 
CCMWID$I\IDRESS=8OH; 
/* 
INITIALIZE 
aJRSER 
<XMWID 
*/ 
54 
2 
PARAMEl'ER$AOORESS>(l]RSER$O)L; 
55 
2 
PARl\MEl'ER$AOORESS>(l]~R:M; 
56 
2 
EK1=1; 
/* ENABLE IIlWER 
INl'ERIVPl' 
*/ 
57 
1 
am UlN>$ClJRSER; 


/* 
PRJCEnJRE 
CAlUUJ\GE$IlEroR'I 
*/ 


58 
1 
CARRIAGE$1lEroR'I : 
PRJCEnJRE; 
59 
2 
DISPUIY$RAM$RlIm'ER=DISPUIY$RI\M$RlIN1'ER<URSER$O)IlMI; 
60 
2 
aJRSER$O)IlMI=O; 
61 
2 
aJRSER$CN=l; 
62 
2 
CALL UlN>$aJRSER; 
63 
1 
am CARRIAGE$RElUm; 
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64 
1 


65 
2 
66 
3 
67 
3 
68 
3 


69 
3 
70 
3 
7I 
3 


72 
3 


73 
3 


74 
3 


75 
4 


76 
4 
77 
4 


78 
4 


79 
3 


80 
1 


81 


82 
83 
84 
85 
86 
87 
88 
89 


90 
91 
92 
93 
94 
95 
96 
97 


$&JFL'T 


I" 
PR::x::EIlJRE I:n/N 
CURSER: TIllS 
PICCEIlJRE 
foIJVES TIlE CURSER I:n/N 
CtIE JOoI 
RI' AOOIN:; 1 ID TIlE CURSER JOoI RAMu::x:ATIOO 'IlIEll CALL !.LlADCURSER "I 


I:n/N$ClJRSER: 
PICCEIlJRE ; 
IF 
CURSER$JOoI < i8H 
'IlIEll 
00; 


CURSER$CN=l; 
ClJRSER$JOoI=CURSER$JOoI + 1; 
CALL !.LlAD$ClJRSER; 
IF 
DISPIAY$RAM$POINl'ER 
< 78011 'IlIEll 
DISPIAY $RlIM$POINl'ER=DISPIAY $RAM$POINl'ER +SOH; 


ELSE 
DISPIAY$RlIM$POINl'ER=(DISPIAY$RAM$POINTER-78OH); 
L=DISPIAY$RlIM$POINl'ER~~; 
IF 
DISPIAY$RlIM(L)=OFlH 
'IlIEll 
00; 
CALL FILL; 
DISPIAY$RlIM(L)s2OH; 
END; 
END; 
END In+I$ClJRSER; 


I" 
UXJ( 
roR 
END OF"I 
I" 
LINE CllAAACTER "I 
I"IF 
TRUE FILL 
LINE*I 
I*WITH 
SPICES 
*1 


1* 
PICCEIlJRE 
UP ClJRSER: 
'nIIS 
PRX:EIlJRE 
MJ\IES 
TIlE ClJRSER UP <NE JOoI 
RI' 5Um'RlCl'IN:> 
1 TO TIlE ClJRSER JOoI RAM u::x:ATIOO 'IlIEll CALL LOAD OJRSER *1 


1 


2 
3 
3 
3 
3 
3 
3 
3 


3 
3 
4 
4 
4 
4 
3 
1 


Up$ClJRSER: 
PRX:EIlJRE ; 
IF 
ClJRSER$JOoI > 0 'llmi 
00, 
ClJRSER$JOoI~JOoI 
- 
1; 
aJRSER$CN=1; 
CALL LOi\D$ClJRSER; 
IF 
DISPLAY$RAM$POINI'ER< 5011 'llmi 
DIS!"IAY$RAM$POIN1'ER=DISPLAY$RAM$POINl'ER+ 78011; 


ELSE 
DISPLAY$RlIM$POIN1'ER=DISPIAY$Rl\M$POINl'ER 
- 
SOH; 
L=DISPIAY$RAM$POINI'ER-<:URSER$~1 
IF 
DISPIAY$RlIM(L)-OFlH 
'llmi 
00; 
CALL FILL; 
DISPIAY$RlIM (L) =2011; 
END; 
END; 
END UP$ClJRSER; 


I" 
UXJ( 
roR 
END OF LINE*I 
1* 
CIIARI\CTER *1 
1* IF 
TRUE FILL 
WITH *1 
I" 
SPICES 
"I 
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98 
1 


99 
2 
100 
3 
101 
3 
102 
3 
103 
3 
104 
3 
105 
3 
106 
1 


107 
1 


108 
2 
109 
3 
110 
3 
111 
3 
112 
3 
113 
3 
114 
3 
115 
1 


/* 
PRX:ErURE 
RIGHI' aJRSER: 
THIS 
PRX:ErURE 
MJVES THE aJRSER 
RIGHI' CM 
OJUlMN 
IJi 
AIDING 
1 'ID THE aJRSER 
OJUlMN RAM LOCATIGl 
TI!Ell CALL LOAD aJRSER 
*/ 


RIGHI'$CURSER: 
PRX:ErURE; 
IF 
aJRSER$OJUlMN 
< 4Ft! TI!Ell 
00; 
OJRSER$OJIalNo(lJRSER$OJUlMN 
+ 1; 
OJRSER$CN:l 
; 
CALL LOAD$CURSER; 
DI SPLAY$RAM$POINl'ER:DI SPLAY$RI\M$POINl'ER +1; 
Elm; 
Elm 
RIGHI'$CURSER; 


/* 
PRX:ErURE 
LEFl' 
OJRSER: 
THIS 
PRX:ErURE 
MJVES THE OJRSER LEFl' 
CNE OJUlMN' 


I'f{ SUBTRlCl'I~ 
1 'ID TIlE OJRSER OJUlMN RAM LOCATIGl 
TI!Ell CALL LOAD OJRSER */ 


LEFl'$CURSER: 
PRX:ErURE; 
IF 
OJRSER$OJUlMN 
> 0 TI!Ell 
00; 
ClJRSER$OJUlMNo(lJRSER$OJUlMN 
- 
1r 
OJRSER$CN~1, 
CALL LOAD$CURSER; 
DISPLAY$RI\M$POINl'ER=DI SPLAY$RI\M$POINl'ER -1; 
Elm; 
Elm 
LEFl'$CURSER; 
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116 
1 


117 
3 


118 
3 
119 
2 
120 
2 


121 
2 


122 
3 


123 
3 


124 
3 


125 
3 
126 
3 


127 
3 


128 
2 


129 
3 


130 
4 
131 
4 
132 
4 


133 
4 
134 
4 


135 
4 


136 
3 


137 
2 


138 
2 


139 
2 


140 
2 


141 
2 


142 
2 
143 
2 
144 
2 
145 
2 


146 
3 
147 
3 


148 
3 
149 
3 


150 
2 


151 
3 


15t. 
3 


153 
3 


lS4 
2 


i5~ 
2 


1~·6 
t 


/* 
PICCEnJRE 
foUl$CURSER: 
TlUS 
PICCEnJRE 
IS 
USED IN cetmJICl'IOO 
WITH IDIDSl'AR 
IF 
A EOC F IS 
REX:EIVED FR:M "mE IDSl' 
CCMIVreR, 
"mE TEIMINAL CXNl'IVLLER WILL 
READ THE NEXT 'lW) ~TE 
TO DE'I'ElMINE WHEREID KM: 
"mE OJRSER. ras FIRST 
~TE 
IS 
THE 101 INrolfo!ATlOO 
FULI.a</ID ~ 
"mE OOIU1N INrolfo!ATlOO 
*/ 


foUl$CURSER: 
PICCEnJRE; 
00 WHILE FlFU<4; 
/* 
WAIT UNl'ILL 
THE foUl$CURSER PARAMEl'ERS*/ 


EM>; 
/* 
ARE REX:ElVED INl'O "mE FlFU */ 


'l'EMP'(lJRSER$1UI 
; 
OJRSER$IUI=SERIAL 
(2); 
IF 
OJRSER$IUI>'lDlP 
THEN 
00; 
L=DISPIAY$RI\M$POINl'ER+- ( (ClJRSER$~) 
* SOH); 
IF 
L>7CFH THEN 
/* 
IF 
cur 
OF RAM RlIN3E */ 
DISPLAY$RAM$POlN1'ER=L-7DOH; 
/* 
RAP AlOJND TO W>INNIM; 
*/ 


ELSE 
/* 
OF RAM */ 
DISPIAY$RAM$POINTER=L; 
EM>; 
ELSE 
00; 
IF 
OJRSER$1OoI<TEMP THEN 
00; 


L=(~IUI)*SOH; 
IF 
DISPLAY$R1IM$POINTER<L TIIEN 
/* 
IF 
cur 
OF RAM RlIN3E*/ 
DISPLAY$R1IM$POINTER-(7D(H-(L-OISPIAY$RI\M$POINTER));/* 
RAP AlUJND TO me 
OF RAM*/ 


ELSE 
DISPIAY$RAM$POINTER=DISPIAY$RI\M$POINl'ER-L; 
EM>; 
EM>; 
'l'DoIP<1JR3ER$CX)IU1N; 
OJRSER$CX)ID1N=SERIAL(3) 
; 
IF 
OJRSER$CX)llJoIN>TEMP TIIEN 
DISPLAY$RI\M$POINTER=DISPIAY$RI\M$POINl'ER+- (aJRSER$(DIl.Ifi-'lDIP); 


ELSE 
DISPIAY$RI\M$POINTER=DISPIAY$RAM$POINl'ER- 
(~IU1N) 
I 


QJRSER$CNm1; 
CALL UlI\D$OJRSER; 
L=DISPLAY$RI\M$POIm'ER-<lJR3ER$CX)IU1N; 
IF 
DISPIAY$R1IM(L)=OFlJi 
TIIEN 
/* 
LOCI< FUR EM> ro 
LINE CIIARI\CTER*/ 


00; 


CALL FILL; 
/* 
IF 
TRJE 
FILL 
WITH SPACES */ 
DISPLAY$R1IM(L)=2OH; 
EM>; 
ES=O; 
00 
1=2 ID 
FIFO-2; 
SERIAL(I)=SERIAL(I+2); 
EM>; 
FlFO=FlFO-2; 
ES=DiSP; 
EM> MJV$(lJRSER; 
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157 
1 


158 
2 
159 
2 
160 
3 
161 
3 
162 
4 
163 
4 
164 
4 


165 
4 


166 
3 


167 
4 
168 
4 


169 
4 
170 
4 


171 
3 
172 
1 


173 
1 


174 
2 


175 
2 
176 
2 
177 
2 


178 
2 


179 
1 


/* 
PRX:EIlJRE ERASE FR:M CURSER TO mD OF OCRErn: 
*/ 


ERASE$FR:M$QJRSER$TO$END$OF$SCRErn: 
PRX:EIlJRE; 
CALL BLINE; 
/* 
ERASE OJRRENI' LINE */ 


IF OJ~R$!O/ 
< 18H ~ 


00; 
L=DISPiAY$IWI$POINl'ER-aJRSER$(XlllJo!Nl-50H; 
/* 
GEl' !ID<T LINE */ 


00 WHUE 
(L < 
7DOH) AND (L <> 
(LINEO AND 7FFH»; 
DISPIAY$IWI(L)=OFlH; 
/* 
ERASE UNl'IL LINEO OR */ 
L=LT5OH; 
/* mD 
OF DISPLAY IWI*/ 


mD; 
L=O; 
00 WHILE L <> (LINEO AND 7FFH); 
/* 
ERASE UNl'IL LINEO */ 
DISPIAY$IWI(L)=OFlH; 
L=LT50H; 
mD; 


mD; 
mD 
ERASE$FR:M$OJRSER$'ro$END$OF$OCRErn; 


/* 
PRX:EIlJRE 1IJoIE: THIS PRX:EIlJRE MJIIES TIlE OJRSER TO TIlE 0,0 
POSITIGI 
*f 


1IJoIE: 
PRX:EIlJRE ; 
OJRSER$RJioPOO; 
ClJRSER$(DUMI=OO; 
OJRSER$(N=l; 
CALL LOI\D$01RSER; 
DISPIAY$IWI$POINl'ER=(LINEO 
AND 7FFH); 


mD 
1IJoIE; 
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180 
1 


181 
2 


182 
2 
183 
1 


$E'..JECI' 


/* 
PRX:E1lJRE 
ClEAR 
OCREEN 
*/ 


ClEAR$SCREEN : 
PRlCElllRE ; 
CALL HCME; 
CALL ERA.'iE$FJOoI$CURSER$TO$END$OF$SCREEN; 
END ClEAR$SCREEN; 


/* 
PRX:EllJRE 
SCROLL 
*/ 


184 
1 
OCK>LL: 
PRX:EllJRE ; 


185 
2 
CALL BIlIN{; 
186 
2 
E)(O=O; 
/* DISABLE VERl'ICAL REFRESH INl'ERHJPl' 
*/ 
187 
2 
IF 
LINEO= 
lF8011 THEN 


188 
2 
LINEO= 
180011; 


189 
2 
ELSE 
LINEO= LINEO+-5OH; 


190 
2 
E)(Ozl; 
/* 
mAIlLE 
VERl'ICAL 
REFRESH INl'ERHJPl' 
*/ 


191 
1 
END SCROLL; 


192 
1 


193 
2 
194 
2 


195 
2 


196 
3 
197 
3 
198 
3 


199 
3 
200 
2 
201 
2 
202 
2 


203 
2 


204 
2 
205 
3 


206 
) 
207 
3 
208 
3 
209 
1 


/* 
PRX:EllJRE 
LINE$FEED */ 


LINE$FEED: 
PRlCElllRE ; 
-IF OJRSER$RJWz18H 
THEN 
CALL OCK>LL; 
ELSE 
00; 
CllRSER$RJW= OJRSER$RJW+ 1, 
ClJRSER$CN=1; 
CALL I£lIID$ClJRSER; 
END, 
IF 
DISPLAY$RI\M$POINTER 
>nm THEN 
DISPLi\Y$RI\M$POIm'I'!RaOISPLAY $RI\M$POINMR- 7811I, 
ELSE 
DISPLAY$RI\M$POIlfl'ER=OISPLAY $RI\M$POnm:R+- SIll, 
UoDISPLAY$RI\M$POINrER-aJRSER$CXUIti, 
IF 
DISPLAY$AAM(L)-OFlH 
TIIEN 
/* I.CQ{ FOR EH) OI! LINE CIIAlW:'l'ER*/ 
00, 
CALL FILL, 
/* IF 
TRJE 
FILL 
Wl'l'H SPlICES */ 
DISPLAY$AAM(L)-2I11, 
END, 
END LINE$FEED, 
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210 
1 


211 
2 
212 
2 
213 
2 
214 
2 


215 
2 
216 
3 
217 
3 
218 
3 
219 
3 
220 
4 
221 
4 
222 
4 
223 
4 
224 
3 
225 
3 
226 
3 


227 
3 
228 
2 


229 
2 
230 
2 
231 
1 


/* 
PRX:EnJRE 
DISPLAY: 
rsrs 
PRXElJRE 
WILL TAKE TIlE Bin: 
IN RAM lABELID 
RECEIVE lINO Pl1l' IT 
IIfi'O TIlE DISPLAY RAM. */ 


DISPlAY: 
PRX:EIllRE; 
DISP~$RAM(DISPLAY$RAM$POINTER)=REx::EIVE; 
IF 
DISPlAY$RAM$POINTER=7Cm 
'lmN 
/* 
IF 
END OF RAM */ 
DISPlAY$RAM$POINTER~OO(Jf; 
/* 
RAP AIOJND ro 
IlIiXiINNIN:> */ 
ELSE 
DISPLAY$RAM$POINTER-oISPLAY$RAM$POI~ 
1, 
IF 
aJl9:R$OJUMI=4FH 
~ 
00; 
aJRSER$CXl~20(lf, 
L=DISPlAY$RAM$POINTER; 
IF 
DISPLAY$RAM(L)=OFlH 
'lmN 
00; 
CALL FILL; 
DISPLAY$RAM(L)22(1f, 
am; 
IF 
CURSER$1Oi-18H 
'lmN 
CALL OCRLL; 
ELSE 
aJl9:R$IOi~1Oit1/ 
END, 
ELSE 
aJRSER$(X)IDfi2OJRSER$COllM* 
1/ 
ClJRSERSQI-1; 
. 


CALL I£lAOCURSER; 
am 
DISPLAY; 
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232 
1 


233 
2 


234 
2 
235 
3 
236 
3 
237 
3 
238 
3 
239 
3 
240 
2 
241 
3 
242 
3 
243 
3 
244 
4 
245 
4 
246 
4 
247 
4 
248 
3 
249 
3 
250 
3 
251 
3 
252 
2 
253 
3 
254 
3 
255 
3 
256 
3 
257 
2 
258 
3 
259 
3 
260 
3 
261 
3 
262 
3 
263 
4 
264 
5 
265 
5 
266 
5 
267 
5 
268 
5 
269 
5 
270 
5 
271 
5 
272 
5 
273 
5 
274 
5 
275 
5 
276 
5 
277 
5 
278 
4 
279 
3 


/* 
PRX:EIlJRE 
DEI:IPHER: 
TlUS 
PRX:EIlJRE 
DEXDDES THE HOSI' CCMRll'ER'S 
MESSAGES AND Dm'EIM~ 
WHEl'HER IT 
IS 
A DISPrAYABLE 
CHARACTER, a:Nl'R:lL 
SD;lUWCE, 
OR AN E9:APE 
S~ 
THE PRX:EIlJRE 
THEN lCl'S 
NXORDnliLY 
*/ 


DEI:IPHER: 
PRX:EIlJRE ; 
srARl'$DEI:I 
PIlER: 


VALID$RECEPTION=O; 
IzO; 
00 WHILE 
(I<FIFO) 
AND (SERIAL(I»lFH) 
AND (SERIAL(I)<7FlI); 
REl:EIVE=SERIAL (I) ; 
CALL DISPrAY; 
I~1+1; 
END; 
IF 
1>0 THEN 
00; 
ES=O; 
/* DISABLE SERIAL 
rnrERRlPT 
WHILE M)VIN:; 
FIFO */ 
K=FIFO-I; 
00 J-O ro K; 
/* KlVE 
FIFO */ 
SERIAL (J)-sERIl\L 
(I); 
1=1+1; 
END; 
FIFO=t<; 
ES-alSP; 
/* mABLE 
SERIAL 
rnrERRlPT 
*/ 
VALID$RECEPTION=l; 
END; 
IF 
FI~O 
THEN 
00; 
SERIl\L$ mrzo; 
wro END$DEX:IPIlER; 
END; 
IF 
(SERIAL (0) zlllIl) 
THEN 
00; 
IF 
(ES::$SEX;F1) 
AND (FIFO<2) 
THEN 
wro END$DEX:IPIlER; 
K= (SERIAL (1) AND 5Fll)-400; 
IF 
(K 
>0(0) 
AND O«OCH) 
THEN 
00; 
00 CASE K; 
; 
CALL UP$(lJRSER; 
CALL r:o.w$ClJRSER; 
CALL RIGIfl'$ClJRSER; 
CALL LEFT$CURSER; 
CALL CLE!\R$~; 
CALL KJI/$(lJRSER; 


/* EOC A */ 
/* EOC B */ 
/* EOC c */ 
/* EOC D */ 
/* EOC E */ 
/* EOC F */ 


/* EOC H */ 
; 
CALL IDlE; 
, 
CALL ERASE$FKM$ClJRSER$TO$END$CF$SCRi»I; 
/* EOC J */ 
CALL BLINE; 
/* EOC K */ 
END; 
END; 
ES~·O; 
/* DISABLE SERIAL 
INl'ERHJPTS 
WHILE foIJVIN:; 
FIFO */ 
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280 
4 
281 
4 
282 
4 
283 
3 
284 
3 
285 
3 


286 
3 


287 
4 
288 
4 


289 
4 


290 
4 
291 
3 


292 
2 


293 
3 


294 
4 
295 
4 
296 
4 
297 
4 
298 
4 
299 
4 
300 
4 
301 
4 
302 
3 
303 
4 
304 
4 
305 
4 
306 
3 
307 
3 
308 
3 
309 
3 
310 
2 
311 
3 
312 
3 
313 
4 
314 
4 
315 
4 
316 
3 
317 
3 
318 
3 
319 
2 
320 
2 
321 
2 


DO 1=0 TO 
(FI~2); 
SERIAL (I) =SERIAL (1+ 2) ; 
/* 
foOVE FIFO */ 


END; 
FIFO=FI~2; 
ES=ENSP; 
/* ENABLE SERIAL 
Im'ERlUPl'S 
*/ 


VALID$RECEPTION=l; 
IF 
FIFO=O 
'mEN 
DO; 
SERIAL$Im'=O; 
ooro 
END$DEJ::ImER; 
END; 
END; 
IF 
(SERIAL(O» 
07H) 
AND (SERIAL(O)<OEH) 
'mEN 
DO; 
DO CASE 
(SERIAL (0) 
-08H); 
CALL LEFl'$(lJRSER; 
/* en. H */ 
, 
CALL LINE$FEEO; 
/* en. J */ 
, 
CALL ClEAR$SCRE»l; 
CALL CARRIlIGE$ REI'URl; 
END; 
ES=O; 
DO 1=0 
'l'O 
(FI~l); 
SERIAL(I)=SERIAL(I+1); 
END; 
FlFO=FI~l; 
ES=ENSP; 
VALID$RECEPTION=l; 
END; 
IF 
VALID$RECEPTION=O 'mEN 
DO; 
ES=O; 
DO IaO 
TO 
(FI~l); 
SERIAL(I)=5ERIAL(I+1); 
END; 
FIFO=FI~l; 
ES=ENSP; 
END; 
IF 
FIFO=O 'mEN 
SERIAL$INr=O; 
END$DEJ::IPHER: 
END DEJ::IPHER; 


/* en. 
L */ 


/* en. 
M */ 


/* DISABLE SERIAL 
INI'ERRJPl'S 
WHILE MJIlI~ 
FIFO */ 


/* !oDVE FIFO */ 


/* ENABLE SERIAL 
Im'ERIUPl'S 
*/ 


/* 
IF 
CHARI'Cl'ER IS 
IJNRBX)Qfl ZED 'mEN */ 
/* TRASH IT */ 
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/" 
PRXElIJRE 
TRAN91IT- 
'llIIS 
PRXECURE 
LlXl<S NI' THE CIEI'.R ID 
SEND PIN 
FOR AN ACl'IVE 


IJ:JN 
SI~. 
rncE 
THE MAIN CXMIVreR 
SI~ 
THE 8051 
TIlE A9:II 
CHARACTER IS 
RJT 
INro 
TIlE SERIAL 
roRl'. 
*/ 


322 
1 
TRAN91IT: 
PRXElIJRE; 
323 
2 
IF 
LOCAL$LINE :1 
THEN 


324 
3 
CO; 


325 
4 
CO WHILE 
(CIEI'.R$TO$SENIF1) 
OR 
(TRAN91IT$rnT:O) 
; 


326 
4 
END; 
327 
3 
SBUF:ASCII 
$I<£{ ; 


328 
3 
TRAN91IT$rnT:O; 
329 
3 
END; 
330 
2 
ELSE 
CO; 


331 
3 
SERIAL (FIFO) :ASCII 
$I<£{ ; 


332 
3 
FIf'O:FIFOt 
1; 


333 
3 
SERIAL$rnT:1; 


334 
3 
END; 


335 
1 
END TRAN91IT; 


336 
1 


337 
2 
338 
3 
339 
3 
340 
3 
341 
3 


342 
3 
343 
3 
344 
2 


345 
3 
346 
4 


347 
4 


348 
4 


349 
-5 


350 
5 


351 
5 


352 
5 


353 
4 
354 
3 


355 
4 


356 
4 


357 
4 


358 
4 


359 
4 


360 
4 


361 
3 


362 
1 


/* 
PRXElIJRE 
A!1IU$REPFAT: 
T1US 
PRXElIJRE 
WILL PERFOIM AN A!1IU REPFAT FUCI'ICN 
AFl'ER A FIXED DELAY PERIOD */ 


A!1IU$REPFAT : 
PRXElIJRE; 
IF 
NEl'I$KJ;Y:1 THEN 
CO; 
TRAN91IT$'r(Xl;LE:O; 
TRAN91IT$(lXJNT:ODCII; 
CALL TRAN91IT; 
/" 
FIRm' 
CHARACTER */ 


NEW$KE'i:0 
; 
END; 
ELSE 
CO; 
IF 
TRAN91IT$(lXJNT 
<> 
0011 THEN 
CO; 
TRAN91IT$aXJNl'=TRAN91IT$CXXJNl't 
1; 


IF 
TRAN91IT$(lXJNT:OFFH 
THEN 
/*rE.,Ni 
BEl'WEEN FIRm' 
CHARACTERAND TIlE SEXlH) */ 
CO; 
CALL TRAN91IT; 
/*SEXlH> 
CHARACTER */ 
TRAN91IT$(lXJNT:OO; 
END; 
END; 
ELSE 
CO; 
aJRSER$QI=l; 
aJRSER$(XXJNl'=O; 
IF 
TRAN91IT$'r(Xl;LE 
= 1 THEN 
/* 
2 VERI' FRAMES BEl'WEEN 3R> ro 
Nl'II CHARACTER */ 


CALL TRAN91IT; 
/* 3R> '1'HlUXiH Nl'II CHARACTER */ 
TRAN91IT$'r(Xl;LE- 
tcl' TRAN91IT$'lOOiLE; 


END; 
END; 
END A!1IU$REPEAT; 
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363 
1 


364 
2 
365 
2 


366 
1 


367 
1 
368 
1 


369 
1 
370 
1 
371 
1 


372 
1 


373 
1 


374 
1 


375 
1 


376 
1 


377 
1 


378 
2 


379 
2 


380 
2 


381 
1 


382 
1 


383 
1 
384 
1 


385 
1 
386 
1 
387 
1 


388 
1 


389 
1 


CRro:NI'IVLLER 


/ •••••••••••••••••••• 
srARI' MAIN P~RAM 
••••••••••••••••••••••••••• 
/ 
/* 
BEXiIN FIt P\JITI~ 
ASCII 
CODE FOR BLAN< IN THE DISPLI\Y 
RAM;*/ 


!NIT: 
00 
L=O TO ?Crn; 
DI SPLAY$RAM(L)=20H; 
mo; 


/* 
INITIALIZE 
roINI'ERS, 
RAM BITS, 
Ere. 
*/ 


EOC$SEQ=O; 
SClIN$Im'=0; 
SERIAL$Im'=O; 
FIFO:O; 
OJRSER.$COONI'=O; 
tre-e, 
Dl'.TA$TERUNAL$REI\Uf=l; 
'l'CL'N=05li; 
LINEO=180OH; 
AASTER=180OH; 
DISPLAY$RAM$rorNTER=OOOOH; 
TRAN9oIIT$ INT= 1; 


$IF 
SWl 


ID 1=0 TO 7; 
LAST$KE¥(I)=OOH; 
END; 


VALID$K£t' =0; 
LAST$SHIFT$KE:i =1; 
LAST$CONl'R>L$KE:i=1; 
LAST$CAP$IJ:Xl<=1 J 
$ENDIF 


$IF 
SW2 
ICVFLG=O; 
SYtC=O; 
FItFIN=O; 
KBDINl'=O; 
ERRJR=O; 
$ENDIF 


/* INITIALIZE 
THE 8276 
*/ 


<XMWID$AmRESS=OOH; 
PARAMm'ER$AmRESS=4m; 
PAAAME:1'ER$AmRESS=58H; 


PARAMm'ER$AmRESS=89H; 


PAAAME:1'ER$AmRESS=OF9H; 


/* RESEl' THE 8276 */ 
/* 
OORoll\L 
IOiS, 
80 CllARACTElVIOI */ 


/* 2 101 CCUNl'S FER VERl'ICAL 
REl'RI'CE 
25 IOiS 
FER FRAME */ 
/* LINE 
9 IS 
THE UNIERLINE 
FOSITICN 
10 LINES 
FER 101 
*/ 


/* OFFSEl' 
LINE CXXJNl'ER, IO.JfRANSPARENI' 
FIELD 
ATl'RI1l1l'E 
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N:N-BLIN<ING 
UNDERLINE OJRSER, 
20 CIIARACl'ER CCUNl'S PER 
IDRIZCNl'AL 
RE:l'RACE */ 
390 
1 
~AlDRESS; 


391 
1 
OJRSER$O)~=OOH; 
392 
1 
OJRSER$R)W=00ll; 
393 
1 
OJRSER$O)L=OOII; 
394 
1 
CALL LOAO$OJRSER; 
395 
1 
~$AlDRESS; 


396 
1 
CXMWID$AIDRESS=OEClI; 
/* 
PRESEl' 
8276 
<XlJNl'ERS */ 
397 
1 
~RESS; 


398 
1 
CXMWID$AIDRESS=23H; 
/* 
START DIS~ 
*/ 
399 
1 
CXMWID$AIDRESS=OAOH; 
/* 
DWlLE 
INl'ERlUPl'S 
*/ 
400 
1 
~AlDRESS; 


/* 
SEl' 
UP INl'ERlUPl'S 
AND PRIORITIES 
*/ 


401 
1 
402 
1 


$IF 
SW! 
IP=IOHI 
IE=8SH; 
$DiDIF 


$IF 
SW2 
11'=1011; 
IE=87H; 
'IKD>OSH; 
TLO=OFm; 
'llIO=OFm; 
TRO=I; 
$DiDIF 


/* 
SERIAL 
R>Rl' 
HAS IfiGIIEST 
PRIORl'lY 
*/ 
/* 
ENI\BLE TIMERO INl'ERRlPl'* 
/ 
/* 
TIMER 0 ..£VENl' COONl'ER */ 


/* 
INITIALIZE 
CXllNl'ER ID 
FFFHI* / 


/* 
SERIAL 
R>Rl' 
HAS IfiGIIEST 
PRIORl'lY 
*/ 
/* 
ENI\BLE 8051 
EX'm1tiAL 
INl'ERlUPl'S 
*/ 


/* 
PKlCEIIJRE 
SCANNER: TInS 
PKlCEIIJRE 
OCANS THE KEYBOARl AND DEl'EIMINES 
IF 
A 
SItClE 
VALID KEY HAS BEm 
PUSHED. IF 
TRJE 
THm 
THE A&:II 
EX:UIVALml' 
WILL BE TRl\N9U'l'l'fl) 
TO THE II>9l' 
<XMP!1reR. */ 


403 
1 
OCANNER: 
FA=I; 
404 
1 
DATA$'TEHUNAL$REAI1i=O; 
405 
1 
IF 
OJRSER$CXlJNr=lm 
THm 
406 
2 
00; 
407 
2 
<lJRSER$CN=N:71' OJRSER$Qi; 
408 
2 
aJRSER$O:XJNl'=OO I 
409 
2 
IF 
<lJRSER$CN=0 THm 
410 
2 
0JRSER$a)L=7FH1 
411 
2 
CALL LOI\D$ClJRSER; 
412 
2 
END; 
413 
1 
IF 
LLC<>UXAL$LINE 
THm 
414 
2 
00; 
415 
2 
IF 
ID:AL$LINE=O 
'DIm 
416 
3 
00; 
417 
3 
m5P=O; 
418 
3 
ESaO; 
419 
3 
END; 
420 
2 
ELSE 
CALL 0IIDt$iWJD$1Wl'E1 
421 
2 
LLC=UX:AL$LINE; 
422 
2 
END; 
$IF 
SW! 
423 
2 
00 
tiHIIE 
OCNI$IN1'=OI 
424 
2 
IF 
SERIAL$Dn'-1 
'DIm 
425 
2 
CALL IE:Il'HER; 
426 
2 
END; 


/* 
l'RJGIWoMI\BLE OJRSER BLIN< 
*/ 


/* IF 
IIXAL/LINE 
HAS CliAl«>ED 91'AroS 
*/ 


/* 
WMT UNI'l'L VERl'ICAL 
RF:rRN::E BEFORE */ 
/* 
s:ANNIK; 
THE KEYOOI\RD*/ 
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427 
1 
428 
1 


429 
1 
430 
1 


431 
2 
432 
3 


433 
3 
434 
3 


435 
4 
436 
4 
437 
4 


438 
3 


439 
4 
440 
4 
441 
4 


442 
3 


443 
4 


444 
4 
445 
5 
446 
5 
447 
5 


448 
5 
449 
4 
450 
5 


451 
5 
452 
5 
453 
5 
454 
4 


455 
5 


456 
5 
457 
5 


458 
6 
459 
6 
460 
6 


461 
7 
462 
7 


463 
7 


464 
7 


465 
8 


466 
8 
467 
8 
468 
8 


469 
8 
470 
7 
471 
6 
472 
5 
473 
5 
474 
5 
475 
5 


476 
5 
477 
5 


478 
4 
479 
3 


480 
4 
481 
4 
482 
4 
483 
3 


484 
2 


CALL REI\DER; 
IF 
VALID$KEi' 
;1 
AND ~1 
AND (IASl'$SHlFT$KE'{~IFT$KEi') 
AND 
(IASl'$CAP$LCQ(<AP$LCQ() 
AND (IASl'S<nlriOL$KE'{~IOL$KE'{) 
'llIDl 
CALL AI1lU$REPFAT; 
ELSE 
00; 
IF 
KE'{O;O AND ~O 
'llIDl 


00; 
TEMP ;0; 
K;O; 
00 WHILE IASl'$KE'{ (K) ;0; 
K=K+1; 
DID; 
'!'EMP;IASl'$KE'{ (K) ; 
00 1;(1<+1) 
TO 7; 
TEMP='l'EMPtIASl'$KE'{ (I) ; 
DID; 
IF 
'!'EMP;IASl'$KE'{ (K) 'llIDl 
00; 
J;O; 
00 WHILE (TEMP AND OlH) =0; 
'l'EMPooS1IR(TEMP, 1) ; 
J=v+l; 
DID; 
IF 
TEMP >1 'llIDl 
00; 
VALID$KEi'=O; 
NEW$KE'{=0; 
DID; 
ELSE 
00; 
IF 
CINl'1OL$KE'{ -0 
'llIDl 
AOCII $KEi'= (Ia/$SClIN 
(1<).KE'i (J» 
AND Im; 
ELSE 
00; 
IF 
SHIFT$KE'{cO 
'llIEN 
AOCII $KEi'cIaI$SClIN 
(I<+08H) .KE'i (J) ; 
ELSE 
00; 
AOCII$KE'{ =Ia/$SClIN 
(1<).KE'i (J) ; 
IF 
(CAP$LCQ(;O) 
AND (AOCII$KEi'>6011) 
AND (AOCII$KE'{<7BH) 
'llIEN 
AOCII $KE'{=ASCII$KEi' - 2011; 
IF 
LIe=O 
'llIEN 
00; 


IF 
AOCII $KEi' =lBH 'llIDl 
ESC$SEQ=l; 
ELSE 
ESC$SEQ=O; 
DID; 
DID; 
DID; 
IASl'$SHlFT$KE'{ 
=SHIFT$KEi' ; 
IASl'$CAP$LCQ(<AP$LCQ( 
; 
IASl'S<nlriOL$KE'{=CXNl'!OL$KE'{ 
; 
VALID$KE'i =1; 
NEW$KE'{=1; 
DID; 
DID; 
ELSE 
00; 
VALID$KE'{=0; 
NE.'W$KJ;¥=0; 
DID; 


DID; 


DID; 


$ENDIF 
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$IF 
SW2 
IF 
SERIAL$INT=l 
THEN 
CALL OEX:IPHER; 
IF 
KBOINT =1 THEN 
00; 
IF 
ERroR 
=0 THEN 
00; 
ASCII $KEi =lSI'$KEi 
(1) ; 
~E:{=l; 
CALL I\l1lU$REPFJ\T; 
KBDINT=O; 
END; 
ERIDR=O; 
KBDINT=O: 
END; 
$ENDIF 


485 
1 
486 
1 
roro 
SCANNER: 
END: 


foDXJLE INFUR-lATICN: 
CXDE SIZE 
CXNsrANl' 
SIZE 
OIREX:T VARIABIE 
SIZE 
INDIREX:T w.RIABLE 
SIZE 
BIT 
SIZE 
BIT-AOORESSABIE 
SIZE 
l\IJXILIARi 
w.RIABLE 
SIZE 
Ml\XIKM 
srllCK 
SIZE 
RffiISTER-BANK (S) 
USED: 
1056 
LINES 
READ 
o PRJGRAM ERroR (S) 
END OF PL/M-51 
CDlPILATICN 


(srATIC+OVERLAYABIE) 
= 08E6H 
22780 
= 008CH 
1280 
2m+OOH 
450+- 
00 
OOH+OOH 
0Dt 
00 
10H+OOH 
160+ 
00 
OOH+OOH 
0Dt 
00 
- 
OOOCH 
00 
a OOOCH 
120 
o 
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I~I~-il 
~~S-51 
~A~Q, 
AS~E~8~E~ 
v2.1 
ODJtCl 
"'O~lILE PL.A~Eu 
I~ 
HI 
:C"USI'I.uBJ 
A~S~~~Ltq 
I~VuK,O 
al' 
lS~51 
.FI:~HIA~~.S~C 


LuC 
uAJ' 


OOOJ 
1100/0 


Ou U 
oO~A 


ou"~ oO~O 


OU"~ 
~01l0 
01121 
COtO 
OU2~ 
1;0110 
Ou21S 
115uOuO 
Ov2i,; 05uOuO 
Ou31 
18uI 
Ou3~ 
1:" 
ou3<l 
u5uO 
OU3t> 
LliuO 
Ou38 
uOuo 
OU3A 
uO~1) 
Ou31; 
1i0llO 
OU3t 
J2 


oun 
COUO 
Oulll 
COtO 
OulU 
I;Oti2 
OUII~ 
COb] 
Oull1 
IHA 
OUII~ 
LiOCl] 


.OUIIII 
UOll2 


Oulllol LiOtO 
Ov41' 
"OuO 
01151 
32 


I' 
I' 


I 
C 
J 


••~ 
b 
7 
11~ 
1 u 
Il 
10/ 
IS 
I~ 
l!a 
111 
17 
10 
1'1 
20 
i!1 
2C 
i,5 
2/1 
i) 
iD 
II 
211 
i!'i yEWT: 
]u 
31 
]i! 
H 
]'1 
]~ 


31> 
37 
3d 
H 
40 
III 
4~ 
4.5 


1111 
IIUr'I:H. 
liS 
40 
111 
lie! 
11., 


511 


51 
!c 
S,5~.. 


I', 


t'U"uc 
8L.Ah~ 
PUIIUC 
8LI~E 
t'UIILIC 
, ILL. 


fX1Rh 
IIAIA 
(L.I~Eu,"A~T~R,PLiI~T,StR1AL,~1~0,eUR~E~,~O\J~1,L) 
~xrRh 
1111 
\SI:R1Nl,~S~SiQ,Tk~INl,~CAN) 


est' 
Al(u]l1) 
:lJMP 
yEHT 


fX1R~ 
eCUf 
(uE1A~H) 
CSf' 
AHuB") 
LJMP 
UE IACH 


eStG 
AT (U\3I1) 
aJMP 
ISUfF~R 


enG 


CSiG 
AI(U2"H) 
lUMP 
~Eto8uF 


PUliM 
PUS!' 
PUS •• 
MOY 
MOY 
MOY 
MOVX 
1/'11; 
SETS 
1'01' 
POP 
POP 
NE 11 


",USI1 
••US •• 
"U~" 
I'U$~ 
ACALL. 
1'01' 
1'01' 


I'DI' 
1'01' 
WEll 


Ph 
AC~ 
0011 
HAliltR,LINi;O 
"ASliRtl,LINi;Otl 
"0,.0111 
A, •• RIl 
LO\j~ 
I 
aCA~ 
UOIl 
AC~ 
Ph 
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K~YIIOARU 
IS 
UliEu 


,FILL 
0216 
Ruw 
BuFFEW 


,STILK 
Si;RIAL 
INfOWMATION 
IN10 
THE 
FIFU 


,PUSH 
HEy 
USI:O 
Bf 
~L"51 


,REINITIALIZt 
WA~TER 
TU 
LINEO 


,CLR 
8c7b 
IN1EriRuPl 
~LAG 


,INC" 
~UH5~R 
CUUNT 
Rt'151EW 
,FOR 
OEBO~NCt 
HOUTINf 
,POP 
REGlSrEHS 


lPUSH 
ALL 
kE~ 
UStO 
BY 
PL~51 
~OUE 


IFILL 
~~/6 
Ru~ 
6uF~EH 
;pup 
RtGlS 
IE"5 
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MCS-Sl 
r4A\.Ru 
AS:.E"~~E" 
C~TAS", 


~uC 
OBJ 
Ll~~ 
:.0",Rl.: 
E 


Sb 
Ou5e 
30'iqu~ 
51 
liErcBuFI JND 
u~~~,CvE" 
'H IRAN:.MIT 
B1T 
~uT 
S~T 
THE" 
~M~C~ 
WE~EIV~ 
Ou5~ 
~29q 
50 
CL" 
u~q~ 
,CLR 
T~A~SMI~SI0~ 
INIE"RuPT 
r~AG 
Ou5l 
u2UO 
F 
5~ 
~E [11 l~I\I"T 
;SlTb 
TRA~S 
1Nl 
fO" 
PLM51 
~TATuS 
CHECK 
Ou5'i cO~ell!8 
IIU 
IiVlRI 
JB 
~el'l.~CDA\.K'IF 
HI 
NOT 
St:T GOBACK 
ouse 
1-0111 
III 
I'U~H 
U I 
Ou5~ 
Aqqq 
~c 
MO~ 
"I,So~~ 
,R~Au 
lIBuf 
Olleu C2'18 
IIJ 
CL" 
vqa~ 
,C~EAR 
RI 
alT 
Ou~i! I-OUO 
II~ 
"'USH 
PS~ 
,PUSh 
HE(iI~Tt;;R:'US~D 
BY 
P~M" 
O"II~ Co~O 
115 
I'U:lH AC~ 
~Ullb 
COuO 
lib 
PUSH 
001'1 
00&0 
1-2110 
F 
III 
~~" ~SCS~~ 
,Cl-A E~C 
8~QUENC, 
fLAG 
OUbA 
lQuO 
F 
II~ 
MOV 
A,UtAHL 
,GH 
StRIAL 
tIrO 
RAM 
aTAHT 
LUCAflOr. 
OubC 
~SOO 
F 
&'i 
ADu 
A,tIt'e 
,AI'<oFI~u 
HO~ 
rAW 
INTO 
TME 'I"~., "'I!!IIIII 
OUbE 
F8 
7V 
MOll 
HO,A 
,PuT 
IT 
1I'<TORv 
Oiler tq 
71 
MCY 
A," I 
OU711 ~2c:7 
7~ 
CLI< 
uE7~ 
,CLA 
Bll 
7 Of 
AC~ 
OU711!Fe 
7J 
MCY 
.RU,A 
,PUT 
DATA 
IN FIFu 
oun 
bQlBII2 
7'1 
CJI'<E A,.laM,OvEHI 
'If 
UATA 
IS I'<OTA ~ac 
KET 
TH~N 
GO 
UV~R 
00711 U200 
F 
7:;; 
~ETB 
~8CS,g 
,S~T 
ESC 
SEQUENC~ 
fLAG 
OU7«1 u5uO 
F 
711 UYtR I' 
INC 
FIfe 
,MQY 
FIF~ 
TO 
N~xT 
LOCATION 
Ou7A 
v2UO 
F 
71 
ss re 
SEttI,.,T 
,SET 
StAIAL 
INT 
aIT 
FO~ 
PLM5. 
~TATuS 
CHECK 
OU 7(. UOIlO 
711 
i'OP 
UOH 
,PilP AIOGUTEHS 
Ou7E 
UOI:O 
H 
POP 
AC!; 
OU8u 
OOUO 
8U 
POI' 
f'h 
OUSII!uOUI 
81 
1'01' 
0111 
Oil8'1J2 
8i! 
1i0clA~KI se rr 
8l 
OU8~ 
COUO 
84 
D~ANI\' 
,.USH 
Ph 
,PUSh 
HE~ 
U8~D 
BY 
i'L"5' 
0081 
CO~O 
~!o 
PU:iM 
.CI: 
Ou8'i COll2 
811 
PUS •• UPL 
OU8a 
C063 
81 
PUSH 
UPH 
OU8u 
(,OuO 
811 
PUSH 
QOt. 
01/8F &5110112 F 
8'1 
MOV 
UPL,LlhEU+, 
,G~T 
LINEO 
II~FU 
OQq~ 
11511003 F 
qu 
MOV 
UPI'I,LINEO 
,AhO 
PuT 
IT 
INTO 
Ot'TH 
~liq~ 
7850 
'11 
~,OV 
~O,'~OH 
,NUMIIEH 
OF 
CHAkACT~Aa 
IN 
A LIN~ 
OOql 
IQ~o 
'I~ I~OTYETI 
MOV 
A"cUM 
,ASCII 
SPACE 
CHAHACTER 
OU'i'iFO 
Cl) 
MOYX 
.C.PTR, A 
,MQY 
TQ 
DISPLAY 
~AM 
OuqA 
A3 
q'l 
INC 
UPTA 
,I~Ck 
TO ~~XT 
UI~PLAY 
HAM 
LOCATION 
Ouqa 
ue~. 
Cl~ 
uJI'<Z HO, ~ulYE I 
,IF 
ALL 
SOH 
LOCATIUNa 
AAE 
NOT 
FILLED 
qb 
,GO 
UO 
MORt: 
Ouqv 
uOUO 
'i7 
1'01' 
UO" 
,POP 
Rt.GlSTEriS 
OuqF 
0003 
'ill 
"'OP 
LIP" 
OUAI 
vOtlc 
q'i 
POI' 
UP\. 


OliAj uOt.O 
10U 
POP 
Ace 
OuA~ 
vOuO 
101 
POP 
Ph 
OUA7 a 
lOll! 
HET 
103 
+1 
,EJECT 
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01l8a 
"]0310 
lie 
Ul(~ 
1J"''',.lUt1 
;~t., 
tHt 
l~ 
ru" 
"A~ 
.UUN~~~ 
Ut.~UU4~~ 
OUIlD 
A~IIO 
F 
!1J 
MOV 
"O,CI.A~E" 
,G~T 
C~R~E~ 
~O~UMN 
I~FU 
10 
T~LL 
HO~ 
11" 
,FAA.I~TO 
TH~ 
"O~ 
yOU 
ARE 
OuBU 
/"eO 
II~ 
L;OI~T11 
MO~ 
A,'-cUM 
,ASCII 
S~A~E 
CnA"ACTtR 
OUBf 
rO 
lib 
MOVX 
.Or'TH,A 
,MOv 
TU 
UISP~AY 
"AM 
OuCu 
A3 
111 
INC 
"'PIA 
'I~CH 
TO 
~~Xl 
~I~PLA' 
HAM 
~OCA 
TIUt. 
OUC I 
u8 
1111 
IN~ 
HO 
OIlCe 
a8:.01'8 
11~ 
CJNE 
HO, .!i01'l,~O" 11 
,IF 
~OT 
AT 
THE 
EI~D O~ 
IHt 
~ II,E 
lill 
, CONTlNI;E 
OIlC) 
uOuO 
lil 
POP 
1101'1 
,PUP 
Ra;GUlEHS 
0llC1 
.J003 
IU 
POP 
UPn 
OuC~ 
UOoi 
liJ 
POP 
UP~ 
OUCII 
UOc:O 
Ii!4i 
1'01' 
AC~ 
OIlCU 
"OUO 
li~ 
POP 
Ph 
OUCF 
cc 
lib 
HET 
lit 
OUDU 
COUO 
lid 
FI~L: 
I'USM 
I'h 
,PuSH 
HEijIST~R~ 
US~D 
By 
PlM51 
O\lOe 
LO~O 
129 
PUS •• ACC 
OUO" 
t;Oai 
13U 
PU:lM 
uP~ 
OUOo 
COll3 
131 
I'USM 
IIPH 
011011 COuO 
Dc 
PUSM 
UOn 
O\lOA 
C3 
DJ 
Clf( 
C 
011011 051101ll 
F 
134 
MOv 
IiPI'I,~ 
,GET 
B~GI~NING 
Or 
LINE 
RAM 
LUCATION 
OOOE" 
115110112 F 
13~ 
MOV 
"'PL,L+1 
,CALLULATEu 
IIV PLM!i1 
OvEl 
,,311310 
130 
URL 
UPI'I,*\IIM 
,SET 
BIT 
l!i FO" 
UlsPLA' 
HAM 
AOL/REn 
UECOUE 
OUE •• 18 ••F 
131 
MOY 
HO,IIIFH 
,SET 
UP 
COI/NTEH 
FO" 
!iOH LOCI. TIUNS 
Ol/Eo 
A3 
1311 
INC 
",PTR 
,GU 
paST 
THE 
OFIH 
OuE7 
14eO 
lH 
CONU. 
MOV 
A"iIlM 
,ASCII 
SPACE 
CHAHACT~R 
OOE~ 
FO 
140 
/lCVX 
.0I'T",A 
,"'UvE 
TO 
DISPLAY 
RAM 
OUEA 
A3 
141 
1NL 
UPT" 
,INCH 
TO 
NEXT 
UISPLAY 
HAM 
LOCI. lION 
o 11Ell u8~ A 
14.: 
UJNZ 
"O,Cu~li! 
,IF 
ALL 
19 
lUCATI0NS 
HAVE 
NOT 
llEEN 
FILLEu 
14J 
ITHEN 
COI\TINUE 
OuEu 
IJOIIO 
1"" 
POP 
1101'1 
IPUP 
R~GlSlEHS 
Ouff 
1J063 
14~ 
POP 
UP 1'1 
OIlFl 
UOaC! 
1411 
1"01" 
"P~ 
OuFj 
••01::0 
1117 
I'DI' 
loCI. 


OuF!i 
1l0uO 
14a 
I'DI' 
PS~ 
Ol/FT 
cC! 
ll1'i 
"Er 
1511 
151 
15.: +1 
laEJELT 
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intel· 
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"'\.S-51 
MA~R" 
AS:.hBL.£1< 
C~TAS., 


lue 
"PJ 
U~e 
~Ovli\.E 


15j 
15~ 
,............................................•....•.....•.•....•.... 
15~ 
,Tnl:. 
~OuT1~e 
~C~E:. 
ul~PLA' 
"AM 
v'TA 
T~ 
~O~ 
~UfFtA 
0; .il11 
150 
i+··············································· 
•••·••.•••••••••••. 
151 
OuFo 
e11H! 
150 
!lOwNI:I 
AJMP 
1oI~.C"E 
15~ 
OuFA 
115uOll3 
F 
If>u 
UMAI 
",OY 
UPI1•••A:.Tell 
ilvAU 
lFI:H 
PUlf\TeA 
H1G" 
IIYrE 
OuFu 
05110112 
F 
1111 
MOY 
"FL •••A~Tell.1 
,lUAIl 
lHN 
PU1~HR 
lUll ~,Tt. 


010u 
eO 
ac 
MOH 
A •••OfTh 
0104 
H 
Uj 
!Ne 
~FIA 
010e 
c!003l'3 
lltll 
J8 
IIBJ~,OUO"E 
JH 
1NI1 
HIGH, 
THEh 
IoIM4 la 
OvE" 
010~ 
t.0 
lit, 
"'o~x 
A.&OI'T •• 
0101> 
A3 
lU 
INC 
UP/~ 
0107 
eO 
1111 
MOVX 
A •••Cl'l" 
01011 
A3 
1110 
1NL; 
UP III 
010 •• to 
lIt~ 
MOYX 
A,&Ct>Tli 
010A 
.3 
l7u 
!NC 
UPIII 
010b 
eO 
171 
MOVX 
A •••Ol'l" 
010C 
A3 
17e' 
lNC 
111'111 
010Ll 
t.0 
173 
HOVX 
A •• OI'TIC 
0101: 
.3 
17'1 
1NC 
I.)PI~ 
010~ 
lO 
17, 
MOV. 
A •• Cl'l•• 
011 u 
.3 
1710 
1Nl: 
UPTA 
0111 
eO 
171 
MO~. 
A •••Ol'l"' 


011e 
A3 
1711 
INC 
uPIII 
Oil') 
t.0 
17" 
HOV. 
A •• CP1H 
01141 .3 
18Q 
1Nl: 
IIPIII 
011~ 
1:0 
181 
TENI 
HOV. 
A, ••CM" 
0111> 
,,3 
le.t 
INC 
I.)PIII 
OlD 
lO 
183 
MOV. 
A,.OPTIC 
01111 
A3 
le •• 
INC 
LlPlR 
011" 
to 
le, 
MOV. 
A,.CpTH 
011A 
A3 
1811 
INC 
liPIII 
01111 
eO 
1111 
,",OV. 
A,.CI'TIC 
0111; 
A3 
UII 
!NC 
liPIII 
onO 
to 
u" 
HOV • 
A,.CPTIC 
OUt 
• 3 
l'1U 
INC 
I.)PIII 
011F 
1:0 
1"11 
MV. 
A,.CPT" 
01 i!IIA3 
l'Ie 
1Nl; 
liP111 
01i!1 
":0 
lU 
HOV. 
A •• OP1" 
012e 
A3 
1'1•• 
INC 
liPl~ 
012J 
t.0 
&'1:i 
MOY. 
A,.CI'l" 
01i!1i A3 
1'Ill 
INC 
IIFU 
012, 
to 
1"17 
IIOVX 
A,.OI'T •• 
0&211 
A3 
&'111 
!II:I: 
liPlR 
OUl 
,,0 
l"I" 
HOV. 
.,.OI'TII 
01211 
A3 
cOu 
,NC 
IIPI~ 
0129 
t'0 
cOl 
IWtNTH 
MOV. 
A,.Or'lIC 
OUA 
A3 
cOi 
INC 
IiPI~ 
OU~ 
EO 
cOJ 
MOV. 
4,.0l'T" 
OUL; 
A~ 
cO •• 
!NL 
IIP1A 
0&2\; 
t.O 
cO~ 
HQY • 
A,.Cr'r.. 
01i!t. • 3 
.:Ob 
!NC 
UP1R 
01U 
to 
cO~ 
,",OV. 
A,.Ct'TH 
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intel· 
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"'I.S-~I 
~l.I.RU 
AS:iE~,fl~Et. 
CI<TASI', 


LUC 
U~J 
L!~~ 
~OuR(;E 


Ol3u 
A3 
,00 
!N~ 
LlF1" 
0131 
~O 
'O~ 
MOV. 
A, ••Ct'l" 
013Z 
A3 
,IV 
1"'1. 
"PI" 
OIH 
~O 
'11 
~IOY • 
A, ••OI'T" 
~lh 
A3 
Cl" 
11'1(; 
"PIA 
013!> 
t.O 
c<lJ 
MlHX 
II, ••O;'T" 
01311 
A3 
C\~ 
I~C 
uPT" 
0131 
~O 
cl!! 
"'OVX 
'A,••CI'T" 
0130 
A3 
,,11> 
INC 
UPI~ 
013~ 
~O 
cl/ 
MOVX 
A,,,CI'T,, 
~13A 
~3 
, III 
I"'C 
",PIA 
0130 
to 
,1'1 
MOVX 
A, ••CP11< 
013C 
A3 
e2U 
1",1:: 
IIPIR 
013U 
to 
,21 
T111R1Y! 
MOYX 
A, ••O~T" 
o 13~ 
A3 
e?e 
1Nl:: 
IIPH 
o l3F 
t.0 
c2j 
MOH 
A, ••OPTw 
OlOU 
A3 
,20 
1Nl: 
uP1R 
01111 
to 
c2!! 
MOVX 
A,"CP1" 
Olllit A3 
c2b 
INC 
UPTR 
014j 
~O 
Cil 
MOVX 
A, ••CI'l" 
0111~ 
A3 
':2d 
1Nl: 
liP TA 
Olll!l to 
,2'1 
MOYX 
A, ••Cl'l" 
01110 
A3 
23u 
INC 
IIPTA 
"141 
to 
C3i 
MCYX 
., ••O;>lIC 
01411 
A3 
e3i: 
lNC 
UPTA 
014'1 
t.0 
en 
MOYX 
A,,,Ol'l11 
0111A 
A3 
~30 
INC 
IIPIA 
014b 
t.0 
c35 
MQYX 
A, ••OP1H 
0111C 
A3 
~30 
INC 
IIP1R 
014U 
t.0 
cH 
MQYX 
A, ••OP1IC 
014'; A3 
e3a 
INC 
IIP1" 
014~ 
to 
cH 
MOYX 
., ••01'1" 
015u 
A3 
ellU 
lNC 
IIPTR 
0151 
~O 
cOl 
f QHlY 
I 
MQ~X 
A,.O"'ll1 
015c: 
A3 
clle 
1Nl:: 
LIP'" 
015~ 
~O 
ellJ 
MOYX 
A,.Ol'l" 
0150 
A3 
cO" 
INC 
UP TA 
015!1 
t.0 
"O~ 
MQYX 
A, ••OP1H 
015b 
A3 
cllb 
INC 
UPIA 
~151 
t.O 
,,47 
MOV. 
A, ••OI'TH 
01511 
A3 
,411 
INC 
UP1R 
015~ 
to 
ell'l 
MOYX 
A,.OI'T" 
015A 
1\3 
c5u 
lNC 
uP'IA 
0150 
t.0 
c51 
MQVX 
A, ••01'1H 
015(, 
A3 
c5e 
lNC 
UP IA 
015U 
to 
e5J 
MQYX 
A,.O",T" 
0151: 
A3 
c5~ 
1Nl,; 
uPIR 
o l5f 
t.0 
c5~ 
MCI/X 
A,.OI'TI< 
01t.U 
A3 
e5b 
Ha; 
LlPIR 
01!>1 
t.0 
c51 
MQVX 
A, ••OI'TI< 
Ol!>e 
A3 
,511 
iNC 
LlPIR 
OUd 
~O 
c5'1 
1~01/ X 
A, ••eI'TI< 
o 1f>" 
A3 
c!>lI 
1Nl:: 
"PTR 
OH!! 
to 
':61 
f HTTI 
MOl/X 
A, ••OI'TI< 
0160 
A3 
,!>e 
11'1(; 
UPIR 
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"1.5-51 
~'.I.RU A5~E~~L.E" 
C~hSM 


LwC 
UPJ 
LI~~ 
~OuR"E 


011>1 
to 
dS 
MOVX 
.,aOl'l" 
OII>U .1 
,1>'1 
H'" 
IIFI" 
Oll>~ 
to 
,6:' 
MCVX 
.,QCl'l~ 
OlllA 
A~ 
,6~ 
1Nl. 
~PI" 
016D 
LO 
.61 
MOVX 
A,aCI"1" 
016~ 
A3 
,61> 
I"C 
wF'~ 
OIbU 
to 
,6" 
MOVX 
A,aOl'l" 
OIH 
A3 
,H 
INC 
UP'" 
OIH 
to 
,71 
MOVX 
A,aCt'lo< 
OI7U 
A3 
c7e 
1~C 
I.iPlq 
o PI 
~O 
,7~ 
MOvX 
A,aCt'l" 
0170: 
~3 
0:7~ 
1Nl,; 
uP]" 
017J 
to 
c7!i 
MOVX 
A,aCI'111 
Olh 
A! 
e71> 
1NC 
UPI" 
017:. 
to 
e71 
MOVX 
A, ••OI'TII 
0170 
.3 
e1d 
1Nl,; 
UP]A 
017 i 
•.0 
0:7" 
MOVX 
A, ••OI'TH 
Olh 
A3 
.8U 
INC 
uPTA 
0179 
to 
':81 
UA1Y1 
MO\lX 
A, ••Ot'TH 
017A 
A] 
e8': 
INC 
UPI" 
Olh 
t'.0 
e·8S 
MOVX 
A, ••OI'TH 
017(. 
A3 
e8'l 
INC 
I)P11I 
OI7U 
to 
cP:' 
MOVX 
A, ••OI'TH 
Ol7t 
.3 
.80 
1NL 
IIP1A 
o 17f 
1;0 
eel 
MO\lx 
.A,••Ot>111 
018u 
.3 
ilau 
INC 
liPTA 
0181 
to 
~81j 
MO\lx 
A,.Ot'TII 
0180: 
A3 
c~\I 
INC 
IIPIA 
Oltlj 
to 
.~I 
MOVX 
A,.Ot'lH 
Olh 
A3 
.~c 
INC 
IIPIR 
018~ 
to 
ellJ 
MOVX 
A,.OI'TH 
0180 
A3 
C~'1 
INC 
UP1A 
0181 
to 
ell:) 
MOVX 
A,QOl'1H 
011111 A3 
ellb 
INC 
uPIA 
01119 
to 
elll 
MOYX 
",.CPTII 
01811 
A3 
ellb 
INC 
UP]A 
01811 
to 
ell" 
MOVX 
A, ••Ot'TH 
OUL 
A3 
lOU 
1NL 
I)PH 
OULI 
to 
JOI 
:;EVNTYI 
MO\lX 
A, ••CI'TH 
018t 
A3 
JOil 
INC 
uP1A 
016~ 
to 
lOS 
MOVX 
A, ••Ol'To< 
OI~U 
,,] 
JO'l 
1Nl,; 
uP1A 
0191 
lOO 
.50:. 
MOH 
A, ••CI'TII 
Olll~ 
A3 
JOb 
INC 
UPIA 
OlllJ to 
.501 
MOVX 
A, ••CI'1IC 
0194 
A3 
JOu 
INC 
UPIA 
019:' 
to 
J09 
"OVX 
A, ••O,.l11 
~1'Ib 
A3 
JIU 
INC 
uP," 
01111 
to 
.511 
MOVX 
A, ••CI'l11 
01911 
A3 
'sIc 
INC 
IiPI" 
01'19 
to 
JIJ 
MO\lX 
A, ••Cl"l11 
019A 
A3 
JI" 
I"'C 
LiPt" 
Ol'lb 
to 
31:' 
MCVX 
A, ••eI'T" 
01'1(; ,,) 
Jib 
1Nl,; 
IIPt" 
01'111 teO 
'" 
MOVX 
A, ••Cl'l11 
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MI.S-51 
"'Al.~u 
AS~EI'H~l" 
C~TAS~ 


LuC 
u8J 
ll~L 
~QuRI.E 


Ol'lt 
A3 
Jla 
If'<(; 
•••.l~ 
OI'lF 
to 
JI'/ 
"QV x 
A."CrT~ 
OIAV 
A! 
J211 
H'L 
••F 11. 
o I A I 
to 
J21 
tlb~TT 
; ~IOV X 
A."C~T~ 
OIAe 
43 
J2c 
!t\l. 
"PT~ 
J2J 
OIA~ 
io5~3 
J2~ 
I.HtC~1 
,.,0V 
4.~F" 
OIA'l 
D~IFuC 
J2'l 
I,;Jf'<E 
••• I~~,O\jNt 
OIAIo 
l5a2 
J2t> 
~,Ov 
••••PI. 


OIU 
.sQuOu7 
Ji!I 
I.Ji;E 
A •• OUOM,UC"E 
OIAU 
ISuOIS 
F 
J2c 
MOV 
HAShR,.lbn 
OI/lU 
15uOuO 
F 
J2~ 
~,ov 
IO~h~.I,*"Oh 
o lfiJ a 
Bu 
!lET 
J!1 
018~ 
a5a!uO 
F 
B.: 
IIO"EI 
MDv 
"A~'tR,O~H 
0181 
cStl2uO 
F 
JB 
,.,0 v 
"A~n~+1 
,O~L 
OIBA 
C2 
33~ 
~El 
J3'l 
OIBt! 
(;3 
J3b 
UHADr.EI 
CLH 
C 
018C 
tSII2 
JH 
MOV 
A,UFL. 


olet. 
cG"F 
J3t1 
ADU 
A,_HO 
,ADU 
1'1 Ty 
~UfFtA 
PUlr.Tt.A 
OICu 
FSc2 
J]<j 
MOV 
UFL,A 
IT 0 
Gt.T 
Ty 
~ExT 
D18~LAY 
L4N~ 
OIC.: 
'lOUF 
JUu 
JIIC 
l.~tC'" 
'IN 
THE 
D1SFL,AY 
MtdolUAY 
o IC ~ 
u5t13 
JUI 
HiC 
",PM 
OICa 
IIOU8 
JUt 
liJMP 
CHell 
JGJ 
JU" 
J"'l 
tNU 
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"~S-51 
I.A~RI.i AS~EI'B~t" 
CHT"S,o" 


SYM~O~ 
1.~Lt, U"lllq, 


'" • " 
E 
y 
P 
E 
V • 
L 
U 
E 
A 
T 
T 
N 
I 
B 
L 
T ~ S 


ACC. · 
D 
AUC~ 
OuEu~ 
A 
BLA"K. 
C 
Aut" 
OUe::." 
A 
PuB 
BL 1'\£. 
C 
AuO~ 
OUAIIH 
A 
PUll 
AUFFE~ 
C 
1.,,0" 
Ou3H4 
A 
CHE~K. 
C 
AUe" 
OIAJH 
A 
CUNII. 
C 
AuOn 
OUBI.i~ 
A 
Cu~T2. · 
C 
A~C,. 
OuEl1< 
A 
CuU ••T. 
0 
AUOl< 
EXl 
CUR liE" 
0 
AuOK 
EXl 
oLlol\e. · 
c 
AUC,. 
OUFtiH 
A 
OI<A. 
C 
AUOl< 
OuFAH 
A 
0/'1A 0/1:t, · 
C 
AUO~ 
O£Bd~ 
A 
~ONI: · 
C 
AUo~ 
OIB~H 
A 
Of-H. · 
° 
AIICH 
OUe]H 
A 
OPL. · 
0 
AIlOH 
Ou8.:t-i 
A 
EIGHTY 
C 
AuOH 
OIAIH 
A 
Escn •• · . 
I! AOCI< 
EXT 
FIF~ · 
0 
AuC~ 
ExT 
FIFlY. 
C 
AuO~ 
OH::OH 
A 
FILL 
C 
AuCI< 
OUCUH 
A 
PUB 
F",RH. 
C 
AUCk 
0151H 
A 
GUBAC~ 
C Aue" 
oue~H 
A 
L. . · 
0 
AuO~ 
EXl 
LINt.C. 
0 
AOO" 
EXl 
Null 
El 
C 
AUC~ 
OUHH 
A 
OvE" 
C 
AUC~ 
OU~'iH 
A 
OvEH 
I. 
C 
AuDH 
OUHH 
A 
PIII"'T. 
D 
Aue" 
EXl 
P:;I\. · 
0 
ALiO" 
OUDUH 
A 
liASIE" · . 
0 
Aue" 
EXl 
SbUF · 
0 
AUC~ 
OU9'iH 
A 
S~A'" 
· 
e 
AUDk 
EXT 
SI:RIIUF 
C 
AuO~ 
OU!~H 
A 
Sl:RlAL 
0 
AUC~ 
EXT 
St.IlINT 
9 
AUOH 
EXl 
SI:VNTY 
C 
AlID" 
o l!UH 
A 
SH 
IY. 
C 
AuC~ 
017~H 
A 
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The original CMOS logic families were the 4OOO-series 
and the 74C-series circuits. The 74C-series circuits are 
functional equivalents to the corresponding numbered 
74-series TIL circuits, but have CMOS logic levels and 
retain the other well known characteristics of CMOS 
logic. 


These characteristics are: low power consumption, high 
noise immunity, and slow speed. The low power con- 
sumption is inherent to the nature of the CMOS circuit. 
The noise immunity is due partly to the CMOS logic 
levels, and partly to the slowness of the circuits. The 
slow speed is due to the technology used to construct 
the transistors in the circuit. 


The technology used is called metal-gate CMOS, be- 
cause the transistor gates are formed by metal deposi- 
tion. More importantly, the gates are formed after the 
drain and source regions have been defined, and must 
overlap the source and drain somewhat to allow for 
alignment tolerances. This overlap plus the relatively 
large size of the transistors themselves result in high 
electrode capacitance, and that is what limits the speed 
of the circuit. 


High speed CMOS became feasible with the develop- 
ment of the self-aligning silicon gate technology. In this 
process 
polysilicon 
gates are deposited 
before 
the 
source and drain regions are defined. Then the source 
and drain regions are formed by ion implantation using 
the gate itself as a mask for the implantation. This elim- 
inates most of the overlap capacitance. In addition, the 
process allows smaller transistors. The result is a signif- 
icant increase in circuit speed. The 74HC-series of 
CMOS logic circuits is based on this technology, and 
has speeds comparable to LS TIL, 
which is to say 
about 10 times faster than the 74C-series circuits. 


The size reduction that contributes to the higher speed 
also demands an accompanying reduction in the maxi- 
mum supply voltage. High-speed CMOS is generally 
limited to 6V. 


WHAT 
IS CHMOS? 


CHMOS is the name given to Intel's high-speed CMOS 
processes. There are two CHMOS processes, one based 
on an n-well structure and one based on a p-well struc- 
ture. In the n-well structure, n-type wells are diffused 
into a p-type substrate. Then the n-channel transistors 
(nFETs) are built into the substrate and pFETs are 
built into the n-wells. In the p-well structure, p-type 
wells are diffused into an n-type substrate. Then the 
nFETs are built into the wells and pFETs, into the 


substrate. Both processes have their advantages and 
disadvantages, which are largely transparent 
to the 
user. 


Lower operating voltages are easier to obtain with the 
p-well structure than with the n-well structure. But the 
p-well structure does not easily adapt to an EPROM 
which would be pin-for-pin compatible with HMOS 
EPROMs. On the other hand the n-well structure can 
be based on the solidly founded HMOS process, in 
which nFETs are built into a p-type substrate. This 
allows somewhat more than half of the transistors in a 
CHMOS chip to be constructed by processes that are 
already well characterized. 


Currently Intel's CHMOS microcontrollers and memo- 
ry products are n-well devices, whereas CHMOS mi- 
croprocessors are p-well devices. 


Further discussion of the CHMOS technology is pro- 
vided in References I and 2 (which are reprinted in the 
Microcontroller Handbook). 


THE MCS®-S1 FAMILY 
IN CHMOS 


The 80C5! BH is the CHMOS version of Intel's original 
8051. The 8OC3!BH is the ROMless 80C5IBH, equiva- 
lent to the 8031. These CHMOS devices are architec- 
turally identical with their HMOS counterparts, except 
that they have two added features for reduced power. 
These are the Idle and Power Down modes of opera- 
tion. 


In most cases, an 80C51BH can directly replace the 
8051 in existing applications. It can execute the same 
code at the same speed, accept signals from the same 
sources, 
and 
drive the 
same loads. 
However, 
the 
80C5IBH covers a wider range of speeds, will emit 
CMOS logic levels to CMOS loads, and will draw about 
1/10 the current of an 80S! (and less yet in the reduced 
power modes). Interchangeability between the HMOS 
and CHMOS devices is discussed in more detail in the 
final section of this Application Note. 


It should be noted that the 80C5!BH CPU is not static. 
That means if the clock frequency is too low, the CPU 
might forget what it was doing. This is because the 
circuitry uses a number of dynamic nodes. A dynamic 
node is one that uses the note-to-ground capacitance to 
form a temporary storage cell. Dynamic nodes are used 
to reduce the transistor count, and hence the chip area, 
thus to produce a more economical device. 


This is not to say that the on-chip RAM in CHMOS 
microcontrollers is dynamic. It's not. It's the CPU that 
is dynamic, and that is what imposes the minimum 
clock frequency specification. 
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Latchup is an SCR-type turn-on phenomenon that is 
the traditional 
nemesis of CMOS systems. The sub- 
strate, the wells, and the transistors form parasitic pnpn 
structures within the device. These parasitic structures 
turn on like an SCR if a sufficient amount of forward 
current is driven through one of the junctions. From 
the circuit designer's point of view it can happen when- 
ever an input or output pin is externally driven a diode 
drop above Ycc or below Vss, by a source that is capa- 
ble of supplying the required trigger current. 


However much of a problem latchup has been in the 
past, it is good to know that in most recently developed 
CMOS devices, and specifically in CHMOS devices, the 
current required to trigger latchup is typically well over 
100 mA. The 80C5IBH is virtually immune to latchup. 
(References 1 and 2 present a discussion of the latchup 
mechanisms and the steps that are taken on the chip to 
guard against it.) Modem CMOS is not absolutely im- 
mune to latchup, but with trigger currents in the hun- 
dreds of mA, iatchup is certainly a lot easier to avoid 
than it once was. 


A careless power-up sequence might trigger a latchup 
in the older CMOS families, but it's unlikely to be a 
major problem in high-speed CMOS or in CHMOS. 
There is still some risk incurred in inserting or remov- 
ing chips or boards in a CMOS system while the power 
is on. Also, severe transients, such as inductive kicks or 
momentary short-circuits, can exceed the trigger cur- 
rent for latch up. 


For applications in which some latchup risk seems un- 
avoidable, you can put a small resistor (loon or so) in 
series with signal lines to ensure that the trigger current 
will never be reached. This also helps to control over- 
shoot and RFI. 


LOGIC 
LEVELS 
AND INTERFACING 


PROBLEMS 


CMOS logic levels differ from TTL levels in two ways. 


First, for equal supply voltages, CMOS gives (and re- 
quires) a higher "logic I" level than TTL. Secondly, 
CMOS logic levels are VCC (or VDD) 
dependent, 
whereas guaranteed 
TTL logic levels are fixed when 
Vcc is within TTL specs. 


Standard 74HC logic levels are as follows: 


VIHMIN 
= 70% of VCC 


VILMAX 
= 20% of vcc 


VOHMIN 
= vcc - 
O.lV, 
lioHI 
S; 20 fJoA 


VOLMAX 
= o.1V.llod 
s; 20 fJoA 


Figure 1 compares 74HC, LS TTL, and 74HCT logic 
levels with those of the HMOS 8051 and the CHMOS 
80C5IBH for Ycc = 5V. 


Output logic levels depend of course on load current, 
and are normally specified at several load currents. 
When CMOS and TTL are powered by the same Vcc' 
the logic levels guaranteed on the data sheets indicate 
that 
CMOS can drive TTL, 
but 
TTL 
can't 
drive 
CMOS. The Incompatibility is that the TTL circuit's 
VOH level is too low to reliably be recognized by the 
CMOS circuit as a valid VIH. 


Since HMOS circuits were designed to be TTL-compat- 
ible, they have the same incompatibility. 


Fortunately, 74HCT-series circuits are available to ease 
these interfacing problems. They have TTL-compatible 
logic levels at the inputs and standard CMOS levels at 
the outputs. 


The 80C5IBH is designed to work with either TTL or 
CMOS. Therefore its logic levels are specified very 
much like 74HCT circuits. That is, its input logic levels 
are TTL-compatible, and its output characteristics are 
like standard high-speed CMOS. 


NOISE CONSIDERATIONS 


One of the major reasons for going to CMOS has tradi- 
tionally been that CMOS is less susceptible to noise. As 
previously noted, 
its low susceptibility 
to noise is 


Logic State 
Vcc = 5V 


74HC 
74HCT 
LSTTL 
8051 
80C51BH 


VIH 
3.5V 
2.0V 
2.0V 
2.0V 
1.9V 


Vll 
1.0V 
O.8V 
0.8V 
0.8V 
O.9V 


VOH 
4.9V 
4.9V 


I 
2.7V 
2.4V 
4.5V 


VOl 
0.1V 
0.1V 
O.5V 
0.45V 
O.45V 


Figure 1. Logic Level Comparison. 
(Output 
voltage 
levels depend 
on load current. 


Data sheets list guaranteed 
output levels for several 
load currents. 
The output 
levels listed here are for minimum 
loading.) 
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edge over LS TIL in this respect. 


Noise margins can be misleading, however, because 
they don't say how much noise energy it takes to induce 
in the circuit a noise voltage of sufficient amplitude to 
cause a logic error. This would involve consideration of 
the width of the noise pulse as compared with the cir- 
cuit's response speed, and the impedance to ground 
from the point of noise introduction in the circuit. 


When these considerations are included, it is seen that 
using the slower 74C- and 4OOO-seriescircuits with a 12 
or 15V supply voltage does offer a truly improved level 
of noise immunity, but that high-speed CMOS at 5V is 
not significantly better than TIL. 


One should not mistake the wider supply voltage toler- 
ance of high-speed CMOS for Vcc glitch immunity. 
Supply voltage tolerance is a DC rating, not a glitch 
rating. 


For any clocked CMOS, and most especially for VLSI 
CMOS, Vcc 
decoupling is critical. CHMOS draws 


Noise Margin for 


Interface 
Vcc = 5V 


Logic Low 
Logic High 


VIL-VOL 
VOH-VIH 


74HCto 
74HC 
O.9V 
1.4V 


LSTTL to LSTTL 
O.3V 
O.7V 


LSTTL to 74HCT 
O.3V 
O.7V 


LSTTL to 80C51 BH 
O.3V 
O.7V 


74HC to 80C51 BH 
O.8V 
3.0V 


80C51BH 
to 74HC 
O.8V 
1.0V 


Figure 2. Noise Margins for CMOS 
and LS TTL Circuits 


Overshoot and ringing in signal lines are potential 
sources of logic upsets. These can largely be controlled 
by circuit layout. Inserting small resistors (about lOOn) 
in series with signal lines that seem to need them will 
also help. 


The sharp edges produced by high-speed CMOS can 
cause RFI problems. The severity of these problems is 
largely a function of the PCB layout. We don't mean to 
imply that all RFI problems can be solved by a better 
PCB layout. It may well be, for example, that in some 
RFI-sensitive designs high-speed CMOS is simply not 
the answer. But circuit layout is a critical factor in the 
noise performance of any electronic system, and more 
so in high-speed CMOS systems than others. 


Circuit layout techniques for minimizing noise suscepti- 
bility and generation are discussed in References 3 
through 6. 


UNUSED 
PINS 


CMOS input pins should not be left to float, but should 
always be pulled to one logic level or the other. If they 
float, they tend to float into the transition region be- 
tween 0 and I, where the pullup and pulldown devices 
in the input buffer are both conductive. This causes a 
significant increase in Ice. 
A similar effect exists in 
HMOS circuits, but with less noticeable results. 


In 8OC51BH and 8OC31BH designs, unused pins of 
Ports I, 2, and 3 can be ignored, because they have 
internal pullups that will hold them at a valid Logic 1 
level. Port 0 pins are different, however, in not having 
internal pullups (except during bus operations). 


When the 8OC51BH is in reset, the Port 0 pins are in a 
float state unless they are externally pulled up or down. 
If it's going to be held in reset for just a short time, the 
transient float state can probably be ignored. When it 
comes 
out 
of 
reset, 
the 
pins 
stay 
afloat 
unless 
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PULLUP RESISTORS 
they are externally pulled either up or down. Alterna- 
tively, the software can internally write Osto whatever 
Port 0 pins may be unused. 


The 
same 
considerations 
are 
applicable 
to 
the 
8OC31BH with 
regards 
to 
reset. 
But 
when 
the 
8OC31BH comes out of reset, it commences bus opera- 
tions, during which the logic levels at the pins are al- 
ways well defined as high or low. 


Consider the 8OC3IBH in the Power Down or Idle 
modes, however. In those modes it is not fetching in- 
structions, and the Port 0 pins will float if not external- 
ly pulled high or low. The choice of whether to pull 
them high or low is the designer's. Normally it is suffi- 
cient to pull them up to Vcc with lOk resistors. But if 
power is going to be removed from circuits that are 
connected to the bus, it will be advisable to pull the bus 
pins down (normally with lOk resistors). Considera- 
tions involved in selecting pullup and pulldown resistor 
values are as follows. 


vcc 


8OCS1BH 


R 
.JQh. 
...J!h... 


PO.x1------- 
E~~:~L 


vcc 
IOL = R + ilL 


270068-1 


Figure 3a. Conditions defining the minimum 
value for R. PO.XIs emitting a logic low. R must 
be large enough to not cause IOL to exceed 
data sheet specifications. 


vcc 


80C51BH 


R 
.J!d- 
~ 
PO.xt--- 
.....• 
---- 
E~~:JitL 


VOH = VCC -(IU 
+ IIH) X R 


270068-2 


Figure 3b. Conditions defining the maximum 
value for R. PO.XIs In a high Impedance 
state. R must be small enough to keep 


VOH acceptably high. 


If a pullup resistor is to be used on a Port 0 pin, its 
minimum value is determined by IOL requirements. If 
the pin is trying to emit a 0, then it will have to sink the 
current from the pullup resistor plus whatever other 
current may be sourced by other loads connected to the 
pin, as shown in Figure 3a, while maintaining a valid 
output low (VOL). To guarantee that the pin voltage 
will not exceed 0.45V, the resistor should be selected so 
that IOL doesn't exceed the value specified on the data 
sheet. In most CMOS applications, the minimum value 
would be about 2k !l. 


The maximum value you could use depends on how 
fast you want the pin to pull up after bus operations 
have ceased, and how high you want the VOH level to 
be. The smaller the resistor the faster it pulls up. Its 
effect on the VOH level is that VOH = VCC - 
(ILl + 
IIH) X R. ILl is the input leakage current to the Port 0 
pin, and IIH is the input high current to the external 
loads, as shown in Figure 3b. Normally VOH can be 
expected to reach 0.9 Vcc if the pullup resistance does 
not exceed about 50k !l. 


Pulldown Resistors 


If a pulldown resistor is to be used on a Port 0 pin, its 
minimum value is determined by VOH requirements 
during bus operations, and its maximum value is in 
most cases determined by leakage current. 


During bus operations the port uses internal pullups to 
emit Is. The D.C. Characteristics in the data sheet list 
guaranteed VOHlevels for given IOH currents. (The "_n 
sign in the IOH value means the pin is sourcing that 
current to the external load, as shown in Figure 4.) To 
ensure the VOH level listed in the data sheet, the resis- 


BOC51BH 
~ 
....!!.!:!... 


PO.x•.•..---_--- 
E~~:JitL 


R 


~ 


IOH = VOH + IIH 
R 
270068-3 


Figure 4a. Conditions defining the minimum 
value for R. PO.X is emitting a 1 in a bus 
operation. R must be large enough to not cause 
IOH to exceed data sheet specifications. 
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tor has to satisfy where IIH is the input high current to 
the external loads. 


When the pin goes into a high impedance state, the 
pulldown resistor will have to sink leakage current 
from the pin, plus whatever other current 
may be 
sourced by other loads connected to the pin, as shown 
in Figure 4b. The Port 0 leakage current is ILl on the 
data sheet. The resistor should be selected so that the 
voltage developed across it by these currents will be 
seen as a logic low by whatever circuits are connected 
to it (including the 8OC5IBH). In CMOS/CHMOS ap- 
plications, 50k n is normally a reasonable maximum 
value. 


8OC518H 
...!!:!.... 


PO.Xt---~----EfJ'l'Jl:L 


R 


VOL = (ILl + ilL) x R 


270068-4 


Figure 4b. Conditions defining the maximum 
value for R. PO.XIs In a high Impedance state. 
R must be small enough to keep VOl 
acceptably low. 


DRIVE CAPABILITY 
OF THE 
INTERNAL 
PULLUPS 


There's an important difference between HMOS and 
CHMOS port drivers. The pins of Ports I, 2, and 3 of 
the CHMOS parts each have three pullups: strong, nor- 
mal, and weak, as shown in Figure 5. The strong pullup 
(pI) is only used during O-to-I transitions, to hasten the 
transition. The weak pullup (P2) is on whenever the bit 
latch contains a I. The "normal" 
pullup (P3) is con- 
trolled by the pin voltage itself. 


The reason that p3 is controlled by the pin voltage is 
that if the pin is being used as an input, and the external 
source pulls it to a low, then turning offp3 makes for a 
lower IlL. The data sheet shows an "ITL" specification. 
This is the current that p3 will source during the time 
the pin voltage is making its l-to-O transition. This is 
what IlL would be if an input low at the pin didn't turn 
p3 off. 


Note, however, that this p3 turn-off mechanism puts a 
restriction on the drive capacity of the pin if it's being 
used as an output. If you're trying to output a logic 
high, and the external load pulls the pin voltage below 
the pin's VIHMIN spec, p3 might turn off, leaving only 
the weak p2 to provide drive to the load. To prevent 
this happening, you need to ensure that the load doesn't 
draw more than the IOH spec for a valid VOH.The idea 
is to make sure the pin voltage never falls below its own 
VIHMIN specification. 


Q 
FROM PORT 
LATCH 


VCC 
VCC 
VCC 


READ 
PORT 
PIN 


270068-5 


Figure 5. 8OC51BHOutput Drivers for Ports 1, 2 and 3 
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The main reason for going to CMOS, of course, is to 
conserve power. (There are other reasons, but this is the 
main one.) Conserving power doesn't mean just reduc- 
ing your electric bill. Nor does it necessarily relate to 
battery operation, although battery operation without 
CMOS is pretty unhandy. The main reason for conserv- 
ing power is to be able to put more functionality into a 
smaller space. The reduced power consumption allows 
the use of smaller and lighter power supplies, and less 
heat being generated allows denser packaging of circuit 
components. Expensive fans and blowers can usually be 
eliminated. 


A cooler running chip is also more reliable, since most 
random and wearout failures relate to die temperature. 
And finally, the lower power dissipation will allow 
more functions to be integrated onto the chip. 


The reason CMOS consumes less power than NMOS is 
that when it's in a stable state there is no path of con- 
duction from Ycc to Yss except through various leak- 
age paths. CMOS does draw current when it's changing 
states. How much current it draws depends on how 
often and how quickly it changes states. 


\ 
SIN;L 
CLOCK SIGNAL 


= -..Y 
.7 
RECTANGULAR CLOCK SIGNAL 


-1.5MHz 
CLOCK FREQ 


270068-6 


Figure 6. 80C51 BH ICC vs. Clock Frequency 


CMOS circuits draw current in sharp spikes during log- 
ical transitions. These current spikes are made up of 
two components. One is the current that flows during 
the transition time when pullup and pulldown FETs are 
both active. The average (DC) value of this component 
is larger when the transition times of the input signals 
are longer. For this reason, if the current draw is a 
critical factor in the design, slow rise and fall times 
should be avoided, even when the system speed doesn't 
seem to justify a need for nanosecond switching speeds. 


The other component is the current that charges stray 
and load capacitance at the nodes of a CMOS logic 
gate. The average value of this current spike is its area 
(integral over time) multiplied by its rep rate. Its area is 
the amount of charge it takes to raise the node capaci- 
tance, C, to Vcc. That amount of charge is just C x 
Vcc. So the average value of the current spike is C x 
Vcc x f, where f is the clock frequency. 


This component of current increases linearly with clock 
frequency. For minimal current draw, the 8OC52BH-2 
is spec'd to run at frequencies as low as 500 kHz. 


Keep in mind, though, that other component of current 
that is due to slow rise and fall times. A sinusoid is not 
the optimal waveform to drive the XTALl 
pin with. 
Yet 
crystal 
oscillators, 
including 
the 
one 
on 
the 
8OC51BH, generate sinusoidal waveforms. Therefore, if 
the on-chip oscillator is being used, you can expect the 
device to draw more current at 500 kHz, than it does at 
1.5 MHz, as shown in Figure 6. If you derive a good 
sharp square wave from an external oscillator, and use 
that to drive XTALl, 
then the microcontroller 
will 
draw less current. But the external oscillator will prob- 
ably make up the difference. 


The 8OC51BH has two power-saving features not avail- 
able in the HMOS devices. These are the Idle and Pow- 
er Down modes of operation. The on-chip hardware 
that implements these reduced power modes is shown 
in Figure 7. Both modes are invoked by software. 


CPU 


INTERRUPT 


SERIAL PORT 
TIMER/COUNTERS 


270068-7 


Figure 7. Oscillator 
and Clock Circuitry 
Showing 
Idle and Power 
Down Hardware 
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Idle: In the Idle Mode (IDL = 0 in Figure 7), the CPU 
puts itself to sleep by gating off its own clock. It doesn't 
stop the oscillator. It just stops the internal clock signal 
from getting to the CPU. Since the CPU draws 80 to 90 
percent of the chip's power, shutting it off represents a 
fairly significant power savings. The on-chip periperals 
(timers, serial port, interrupts, etc.) and RAM continue 
to function as normal. The CPU status is preserved in 
its entirety: the Stack Pointer, Program Counter, Pro- 
gram Status Word, Accumulator, and all other regis- 
ters maintain their data during Idle. 


The Idle Mode is invoked by setting bit 0 (IDL) of the 
PCON register. PCON is not bit-addressable, so the bit 
has to be set by a byte operation, such as 


ORL PCON.#l 


The PCON register also contains flag bits GFO and 
GFl, which can be used for any general purposes, or to 
give an indication if an interrupt occurred during nor- 
mal operation or during Idle. In this application, the 
instruction that invokes Idle also sets one or both of the 
flag bits. Their status can then be checked in the inter- 
rupt routines. 


While the device is in the Idle Mode, ALE and PSEN 
emit logic high 01oH>, as shown in Figure 8. This is so 
external EPROM can be deselected and have its output 
disabled. 


The port pins hold the logical states they had at the 
time the Idle was activated. If the device was executing 
out of external program memory, Port 0 is left in a high 
impedance state and Port 2 continues to emit the high 
byte of the program counter (using the strong pullups 
to emit Is). If the device was executing out of internal 
program memory, Ports 0 and 2 continue to emit what- 
ever is in the PO and P2 registers. 


There are two ways to terminate Idle. Activation of any 
enabled interrupt will cause the hardware to clear bit 0 
of the PCON register, terminating the Idle mode. The 
interrupt will be serviced, and following RETI the next 
instruction to be executed will be the one following the 
instruction that invoked Idle. 


The other way is with a hardware reset. Since the clock 
oscillator is still running, RST only needs to be held 
active for two machine cycles (24 oscillator periods) to 
complete the reset. Note that this exit from Idle writes 
Is to all the ports, initializes all SFRs to their reset 
values, and restarts program execution from location O. 


Power Down: In the Power Down Mode (PD = 0 in 
Figure 7), the CPU puts the whole chip to sleep by 
turning off the oscillator. In case it was running from 
an external oscillator, it also gates off the path to the 
internal phase generators, so no internal clock is gener- 
ated even if the external oscillator is still running. The 
on-chip RAM, however, saves its data, as long as Vcc 
is maintained. In this mode the only Ice that flows is 
leakage, which is normally in the micro-amp range. 


The Power Down Mode is invoked by setting bit 1 in 
the PCON register, using a byte instruction such as 


ORL 
PCON.#2 


While the device is in Power Down, ALE and PSEN 
emit lows 0100, as shown in Figure 8. The reason they 
are designed to emit lows is so that power can be re- 
moved from the rest of the circuit, if desired, while the 
80CS51BH is in its Power Down mode. 


The port pins continue to emit whatever data was writ- 
ten to them. Note that Port 2 emits its P2 register data 
even if execution was from external program memory. 


Pin 
Internal Execution 
External Execution 


Idle 
Power Down 
Idle 
Power Down 


ALE 
1 
0 
1 
0 


PSENI 
1 
0 
1 
0 


PO 
SFR Data 
SFR Data 
High-Z 
High-Z 


P1 
SFR Data 
SFR Data 
SFR Data 
SFR Data 


P2 
SFR Data 
SFR Data 
PCH 
SFR Data 


P3 
SFR Data 
SFR Data 
SFR Data 
SFR Data 


Figure 8. Status of Pins In Idle and Power Down Modes. "SFR data" means the port pins emit their 


internal register data. "PCH" is the high byte of the Program Counter. 
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Port 0 also emits its PO register data, but if execution 
was from external program memory, the PO register 
data is FF. The oscillator is stopped, and the part re- 
mains in this state as long as Vcc is held, and until it 
receives an external reset signal. 


The only exit from Power Down is a hardware reset. 
Since the oscillator was stopped, RST must be held ac- 
tive long enough for the oscillator to re-start and stabi- 
lize. Then the reset function initializes all the Special 
Function Registers (ports, timers, etc.) to their reset 
values, and re-starts the program from location O. 
Therefore, timer reloads, mterrupt enables, baud rates, 
port status, etc. need to be re-established. Reset does 
not afTectthe content of the on-chip data RAM. If Vcc 
was held during Power Down, the RAM data is still 
good. 


USING THE POWER 
DOWN 
MODE 


The software-invoked Power Down feature ofTers a 
means of reducing the power consumption to a mere 
trickle in systems which are to remain dormant for 
some period of time, while retaining important data. 


The user should give some thought to what state the 
port pins should be left in during the time the clock is 
stopped, and write those values to the port latches be- 
fore invoking Power Down. 


If Vcc is going to be held to the entire circuit, one 
would want to write values to the port latches that 
would deselect peripherals before invoking Power 
Down. For example, if external memory is being used, 
the P2 SFR should be loaded with a value which will 
not generate an active chip select to any memory de- 
vice. 


In some applications, Vcc to part of the system may be 
shut ofTduring Power Down, so that even quiescent 
and standby currents are eliminated. Signal lines that 
connect to those chips must be brought to a logic low, 
whether the chip in question is CMOS, NMOS, or 
TTL, before Vcc is shut ofTto them. CMOS pins have 
parasitic pn junctions to Vcc' which will be forward 
biased if Vcc is reduced to zero while the pin is held at 
a logic high. NMOS pins often have FETs that look 
like diodes to Vcc. TTL circuits may actually be dam- 
aged by an input high if Vcc = O. That's why the 
80C5lBH outputs lowsat ALE and PSEN during Pow- 
er Down. 


Figure 9 shows a circuit that can be used to turn Vcc 
ofTto part of the system during Power Down. The cir- 
cuit will ensure that the secondary circuit is not de-en- 
ergized until after the 80C3lBH is in Power Down, and 
that the 8OC3lBHdoes not receive a reset (terminating 
the Power Down mode) before the secondary circuit is 
re-energized.Therefore, the program memory itself can 
be part of the secondary circuit. 


Cl 
VCCl 


11'1 


20K 


8OC31BH 
01 


RST 
R 


VCC2 


02 
P2.7t-.JV\_--~---{ 


P2.6.-""",....--, 
33K 
R 


Ql 
2N3904 


20K 


270068-8 


Figure 9. The 80C31BH 
de-energizes 
part of the circuit (VCC2) when it goes into Power 
Down_ 


Selections 
of Rand 
Q2 depend 
on VCC2 current 
draw. 
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In Figure 9, when VCCis switched on to the 80C3IBH, 
capacitor Cl provides a power-on reset. The reset func- 
tion writes Is to all the port pins. The I at P2.6 turns 
Ql on, enabling Vcc to the secondary circuit through 
transistor Q2. As the 80C31BH comes out of reset, Port 
2 commences emitting the high byte of the Program 
Counter, which results in the P2.7 and P2.6 pins out- 
putting Os.The 0 at P2.7 ensures continuation of Vcc 
to the secondary circuit. 


The system software must now write a I to P2.7 and a 0 
to P2.6 in the Port 2 SFR, P2. These values will not 
appear at the Port 2 pins as long as the device is fetch- 
ing instructions from external program memory. How- 
ever, whenever the 8OC31BH goes into Power Down, 
these values will appear at the port pins, and will shut 
off both transistors, disabling Vcc to the secondary cir- 
cuit. 


Closing the switch SI re-energizes the secondary cir- 
cuit, and at the same time sends a reset through C2 to 
the 80C3IBH to wake it up. The diode 01 is to prevent 
Cl from hogging current from C2 during this second- 
ary reset. 02 prevents C2 from discharging through the 
RST pin when Vcc to the secondary circuit goes to 
zero. 


270068-9 
a. Using 
a pFET 


+12V 


12K 


2N3904 


P2.6 


P2.7'-w.~_-_--r 


270068-28 
b. Using 
an nFET 


Figure 
10. Using 
Power 
MOSFETs 
to Control 
VCC2 


USING POWER 
MOSFETs 
to 
CONTROL 
VCC 


Power MOSFETs are gaining in popularity (and avail- 
ability). The easiest way to control Vcc is with a Logic 
Level pFET, as shown in Figure lOa. This circuit al- 
lows the full Vcc to be used to turn the device on. 
Unfortunately, 
power pFETs 
are not economically 
competitive with bipolar transistors of comparable rat- 
ings. 


Power nFETs are both economical and available, and 
can be used in this application if a DC supply of higher 
voltage is available to drive the gate. Figure lOb shows 
how to implement a Vcc switch using a power nFET 
and a (nominally) + 12V supply. The problem here is 
that if the device is on, its source voltage is + 5V. To 
maintain the on state, the gate has to be another 5 or 
IOV above that. The "12V" supply is not particularly 
critical. A minimally filtered, unregulated rectifier will 
suffice. 


BATTERY 
BACKUP 
SYSTEMS 


Here we consider circuits that normally draw power 
'from the AC line, but switch to battery operation in the 
event of a power failure. We assume that in battery 
operation high-current 
loads will be allowed to die 
along with the AC power. The system may continue 
then with reduced functionality, monitoring a control 
transducer, perhaps, or driving an LCD. Or it may go 
into a bare-bones survival mode, in which critical data 
is saved but nothing else happens till AC power is re- 
stored. 


In any case it is necessary to have some early warning 
of an impending power failure so that the system can 
arrange an orderly transfer to battery power. Early 
warning systems can operate by monitoring either the 
AC line voltage or the unregulated rectifier output, or 
even by monitoring the regulated DC voltage. 


Monitoring the AC line voltage gives the earliest warn- 
ing. That way you can know within one or two half-cy- 
cles of line frequency that AC power is down. In most 
cases you then have at least another half-cycle of line 
frequency before the regulated Vcc starts to fall. In a 
half-cycle of line frequency an 8OC51BH can execute 
about 5,000 instructions-plenty 
of time to arrange an 
orderly transfer of power. 


The circuit in Figure 11 uses a Zener diode to test the 
line voltage each half-cycle, and a junction transistor to 
pass the information on to the 8OC5IBH. (Obviously a 
voltage comparator with a suitable reference source can 
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VCC 


8OC51BH 
8OC31BH 
~~----+i 
INTO 


~II~ 


ZI 


Ql 
2N3904 
OR EQUIY. 


YCC2 


= 
BACKUP 
-=- BATTERY 


~ 


.01,,1 


YSS 


270068-10 


Figure 11. Power Failure Detector 
with Battery 
Backup. When AC power falls, 
VCC1 goes down and VCC21s held. 


perform the same function, if one prefers.) The way it 
works is if the line voltage reaches an acceptably high 
level, it breaks over Zl, drives Ql to saturation, and 
interrupts the 8OC51BH. The interrupt would be tran- 
sition-activated, in this application. The interrupt serv- 
ice routine reloads one of the C51BH's timers to a value 
that will make it roll over in something between one 
and two half-cycles of line frequency. As long as the 
line voltage is healthy, the timer never rolls over, be- 
cause it is reloaded every half-cycle. If there is a single 
half-cycle in which the line voltage doesn't reach a high 
enough level to generate the interrupt, the timer rolls 
over and generates a timer interrupt. 


The timer interrupt then commences the transition to 
battery backup. Critical data needs to be copied into 
protected RAM. Signals to circuits that are going to 
lose power must be written to logic low. Protected cir- 
cuits (those powered by Vee2) that communicate with 
unprotected circuits must be deselected. The microcon- 
troller itself may be put into Idle, so that it can contin- 
ue some level of interrupt-driven 
functionality, or it 
may be put into Power Down. 


Note that if the CPU is going to invoke Power Down, 
the Special Function Registers may also need to be cop- 
ied into protected RAM, since the reset that terminates 
the Power Down mode will also intialize all the SFRs 
to their reset values. 


The circuit in Figure 
11 does not show a wake-up 
mechanism. A number of choices are available, howev- 
er. A pushbutton could be used to generate an inter- 
rupt, if the CPU is in Idle, or to activate reset, if the 
CPU is in Power Down. 


Automatic wake-up on power restoration is also possi- 
ble. If the CPU is in Idle, it can continue to respond to 
any interrupts that might be generated by Q1. The in- 
terrupt service routine determines from the status of 
flag bits GPO and GFl in PCON that it is in Idle be- 
cause there was a power outage. It can then sample 
Vcc! through a voltage comparator similar to Zl, Ql 
in Figure 11. A satisfactory level of Veel 
would be 
indicated by the transistor being in saturation. 


But perhaps you can't spare the timer that is the key to 
the operation of the circuit in Figure 11. In that case a 
retriggerable one-shot, triggered by the AC line voltage, 
can perform essentially the same function. Figure 12 
shows an example of this type of power failure detector. 
A retriggerable one-shot (one half of a 74HC123) moni- 
tors the AC line voltage through transistor QL Ql re- 
triggers the one-shot every half-cycle of line frequency. 
If the output pulse width is between one and two half- 
cycles of line frequency, then a single missing or low 
half-cycle will generate an active low warning flag, 
which can be used to interrupt the microcontroller. 


The interrupt 
routine takes care of the transition to 
battery backup. From this point Yccl mayor may not 
actually drop out. The missing half-cycle of line voltage 
that caused the power down sequence may have been 
nothing more than a short glitch. If the AC line comes 
back strong enough to trigger the one-shot while Yccl 
is still up (as indicated by the state of transistor Q2), 
then the other half of the 74HC123 will generate a 
wake-up signal. 
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Figure 12. Power 
Failure Detector 
uses retrlggerable 
one-shots 
to flag Impending 
power 
outage 
and 
generate 
automatic 
wake-up 
when power returns. 


Having been awakened, the 8OC5lBH will stay awake 
for at least another half-cycle of line frequency (another 
5,000 or so instructions) before possibly being told to 
arrange another transfer of power. Consequently, if the 
line voltage is jittering erratically around the switch- 
over point (determined by diode Zl), the system will 
limp along executing in half-cycle units of line frequen- 
cy. 


On the other hand, if the power outage is real and 
lengthy, VCCI will eventually fall below the level at 
which the backup battery takes over. The backup bat- 
tery maintains 
power to the 8OC5IBH, and to the 
74HC123, and to whatever other circuits are being pro- 
tected during this outage. The battery voltage must be 
high 
enough 
to 
maintain 
VCCMIN 
specs to 
the 
8OC5IBH. 


If the microcontroller is an 8OC3lBH, executing out of 
external ROM, and if the C3lBH is put into Idle dur- 
ing the power outage, then the external ROM must also 
be supplied by the battery. On the other hand, if the 
C3lBH 
is put into Power Down during the outage, 
then the ROM can be allowed to die with the AC pow- 
er. The considerations here are the same as in Figure 9: 
Vcc to the ROM is still up at the time Power Down is 
invoked, and we must ensure (through selection of di- 
ode Z2 in Figure 12) that the 8OC3IBH is not awak- 
ened till ROM power is back in spec. 


POWER SWITCHOVER 
CIRCUITS 


Battery backup systems need to have a way for the 
protected circuits to draw power from the line-operated 
power supply when that source is available, and to 
switch over to battery 
power when required. 
The 
switchover circuit is simple if the entire system is to be 
battery powered in the event of a line power outage. In 
that case a pair of diodes suffice, as shown in Figure 12, 
provided VccMIN 
specs are still met after the diode 
drop has been subtracted 
from its respective power 
source. 


The situation becomes more complicated when part of 
the circuit is going to be allowed to die when the AC 
power goes out. In that case it is difficult to maintain 
equal Vccs to protected and unprotected circuits (and 
possibly dangerous not to). 


The problem can be alleviated by using a Schottky di- 
ode instead of a IN4001, for its lower forward voltage 
drop. The IN5820, for example, has a foward drop of 
about O.35Vat lA. 


Other solutions are to use a transistor or power MOS- 
FET switch, as shown in Figure 13. With minor modifi- 
cations this switch can be controlled by port pins. 
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VCC2 


VCC1 
I 1 


cations, the 2764's Chip Enable (CE) pin is hardwired 
to ground (since it's normally the only program memo- 
ry on the bus). This can be done with the CHMOS 
versions as well, but there is some advantage in con- 
necting CE to ALE, as shown in Figure 14a. The ad- 
vantage is that if the 80C31BH is put into Idle mode, 
since ALE goes to a I in that mode, the 27C64 will be 
deselected and go into a low current standby mode. 


The timing waveforms for this configuration are shown 
in Figure 14b. In Figure 14b the signals and timing 
parameters in parenthesis are those of the 27C64, and 
the others are of the 80C3IBH, except Tprop is a pa- 
rameter of the address latch. The requirements for tim- 
ing compatibility are 


TAVIV - 
Tprop > IACC 
2 


TLLlV> 
tCE 
TPLlV> 
tOE 
TPXIZ> 
tDF 


If the application is going to use the Power Down mode 
then we have another consideration: In Idle, ALE = 
PSEN = I, and in Power Down, ALE = PSEN = O. 
In a realistic application there are likely to be more 
chips in the circuit than are shown in Figure 14, and it 
is likely that the nonessential ones will have their Vcc 
removed while the CPU is in Power Down. In that case 
the EPROM and the address latch should be among 
the chips that have Vcc removed, and logic lows are 
exactly what are required at ALE and PSEN. 
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a. Using a pnp Transistor 


VCC2 
~'ll1-rt1 
~ I 1 
270068-12 
b. Using a Power MOSFET 


But if Vcc is going to be maintained to the EPROM 
during Power Down, then it will be necessary to de- 
q, 


POrv- 
/e 
0,,-0, 


8OC31BH 
l~ 
27C414 


/e 
Ao-A7 
~ 
v 
+r- 


P2 
/5 
ArA,. 
I 
v 


ALE 
CE 


PSEN 
OE 


Figure 13. Power Swltchover Ckts. 


80C31BH 
+ CHMOS 
EPROM 


The 27C64 and 87C64 are Intel's 8K byte CHMOS 
EPROMs. 
The 27C64 requires an external address 
latch, and can be used with the 80C31BH as shown in 
Figure 
14a. In most 8031 + 2764 (HMOS) appli- 
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Figure 14a. 80C31BH + 27C64 
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Figure 
14b. Timing Waveforms 
for 80C31BH + 


27C64 


select the EPROM when the CPU is in Power Down. If 
Idle is never invoked, CE of the EPROM can be con- 
nected to P2.7 of the 80C3IBH, as shown in Figure 
15a. In normal operation, P2.7 will be emitting the 
MSB of the Program Counter, which is 0 if the pro- 
gram contains less than 32K of code. Then when the 
CPU goes into Power Down, the Port 2 pins emit P2 
SFR data, which puts a I at P2.7, thus deselecting the 
EPROM. 


If Idle and Power Down are both going to be used, CE 
of the EPROM can be driven by the logicalOR of ALE 
and P2.7, as shown in Figure 15b. In Idle, ALE = I 
will deselect the EPROM, and in Power Down, P2.7 = 
I will deselect it. 


P2.7 
Ce 
01 
------... 
01 
8OC31BH 
27C64 
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a. Power Down is used but not Idle. 


01 
{ALE~ 
_ 
Ce 
8OC31BH 
P2.7~ 
27~64 
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b. Idle and Power Down both used. 


Figure 15. Modifications 
to 80C31BH/27C64 
Interface 


Pulldown resistors are shown in Figure 14a under the 
assumption that something on the bus is going to have 
its VCCremoved during Power Down. If this is not the 
case, pullups can be used as well as pulldowns. 


The 87C64 is like the 27C64 except that it has an on- 
chip address latch. The Port 0 pins are tied to both 
address and data pins of the 87C64,as shown in Figure 
16a.ALE drives the EPROM's ALE/CS input. During 
ALE high, the address information is allowed to flow 
into the EPROM and begin accessingthe code byte. On 
the falling edge of ALE the address byte is internally 
latched. The AO-A7 inputs are then ignored and the 
same bus lines are used to transmit the fetched code 
byte from the 00-07 
pins back to the 80C3IBH. 


The timing waveforms for this configuration are shown 
in Figure 16b. In Figure 16b the signals and timing 
parameters in parentheses are those of the 87C64, and 
the others are of the 8OC3IBH. The requirements for 
timing compatibility are 


TLHLL> 
tLL 


TAVLL> 
tAL 


TLLAX > tLA 


TLLlV> 
tACL 


TPLlV> 
tOE 


TLLPL> 
ICOE 


TPXIZ> 
tOHZ 


The same considerations apply to the 87C64 as to the 
27C64 with regards to the Idle and Power Down 
modes. Basically you want CS = I if Vcc is main- 
tained to the EPROM, and CS 
OE = 0 if Vcc is 
removed. 


SCANNING 
A KEYBOARD 


There are many different kinds of keyboards, but alpha- 
numeric keyboards generally consist of a matrix of 8 
scan lines and 8 receive lines as shown in Figure 17. 
Each set of lines connects to one port of the microcon- 
troller. The software has written Os to the scan lines, 
and Is to the receive lines. Pressing a key connects a 
scan line to a receive line, thus pulling the receive line 
to a logic low. , 


The 8 receive lines are ANDed to one of the external 
interrupt pins, so that pulling any of the receive lines 
low generates an interrupt. The interrupt service rou- 
tine has to identify the pressed key, if only one key is 
down, and convert that information to some useful out- 
put. If more than one key in the line matrix is found to 
be pressed, no action is taken. (This is a "two key lock- 
out" scheme.) 
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On some keyboards, certain keys (Shift, Control, Es- 
cape, etc.) are not a part of the line matrix. These keys 
would connect directly to a port pin on the microcon- 
troller, and would not cause lock-out if pressed simulta- 
neously with a matrix key, nor generate an interrupt if 
pressed singly. 


terrupt, which terminates the Idle. The interrupt serv- 
ice routine would first call a 30 ms (or so) delay to 
debounce the key, and then set about the task of identi- 
fying which key is down. 


Normally the microcontroller would be in idle mode 
when a key has not been pressed, and another task is 
not in progress. Pressing a matrix key generates an in- 


First, the current state of the receive lines is latched 
into an internal register. If a single key is down, all but 
one of the lines would be read as 1s. Then Os are written 
to the receive lines and Is to the scan lines, and the scan 
lines are read. If a single key is down, all but one of 
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Figure 16a. 80C31BH + 87C64 


270068-17 


Figure 16b. Timing Waveforms 
for 80C31BH 
+ 87C64 


2-169 


• 


int:eL 
AP-252 


these lines would be read as Is. By locating the single 0 
in each set of lines, the pressed key can be identified. If 
more than one matrix key is down, one or both sets of 
lines will contain multiple Os. 


CALL 
MOV 
CALL 
DJNZ 
MOV 
MOV 
MOV 
MOV 
CALL 
DJNZ 
XCH 
SWAP 
ORL 
XCH 
MOV 
MOV 
REJECT: 
CLR 
RETI 


A subroutine is used to determine which of 8 bits in 
either set of lines is 0, and whether more than one bit is 
O. Figure 18 shows a subroutine (SCAN) which does 
that using the 8051's bit-addressing capability. To use 
the subroutine, move the line data into a bit-address- 
able RAM location named LINE, and call the SCAN 
routine. The number of LINE bits which are zero is 
returned in ZERO_COUNTER. 
If only one bit is 
zero, its number (I through 8) is returned in ZERO_ 
BIT. 


The interrupt service routine that is executed in re- 
sponse to a key closure might then be as follows: 


DEBOUNCE_DELAY 
LINE,P1; 
;See Figure 
SCAN 
ZERO_COUNTER, REJECT 
ADDRESS, ZERO_BIT 
P2,#OFFH; 
;See Figure 
P1,#0 
LINE,P2 
SCAN 
ZERO_COUNTER,REJECT 
A,ZERO_BIT 
A 
ADDRESS,A 
A, ZERO_BIT 
P1,#OFFH 
P2,#0 
EXO 


----''''''--- 


SCAN UNES 


r-C 


'-- 
1OC51BH 
-----' 
'--- 
---'" 


>P1 
P2< 


INTO 


RECEIVE 
UNES 


17. 


17. 


Figure 17. Scanning 
a Keyboard 
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SCAN' 
MOV 
ZERO 
COUNTER •• O 
ZERO_COUNTER 
counts 
the 
number 
of 
O. 
in 
LINE. 


JB 
LINE:-O. 
ONE 
Test 
LINE 
bit 
O. 


INC 
ZERO_COUNTER 
If 
LINE. 
0 
• 
O. 
inc,..tft~nt 
ZERO_COUNTER 
MOV 
ZERO 
BlT •• 
1 
.nd 
re, ord 
that 
lin~ 
nu",b~r 
1 
10 active. 


ONE, 
JB 
LINE:-I. 
TWO 
Procedure 
continues 
for 
other 
LINE 
b i tll. 


INC 
ZERO 
COUNTER 
MOV 
ZERO::BlT 
•• 2 
Line 
numbe" 
2 
is 
at t i v e . 
TWO: 
JB 
LINE. 
2. THREE 
INC 
ZERO_COUNTER 
P10V 
ZERO_BlT 
•• 3 
Lin. numbe" 
3 
is 
act iv e . 


THREE: 
JB 
LINE. 
3. FOUR 
INC 
ZERO_COUNTER 
P10V 
ZERO_BlT 
•• 4 
Line 
number 
4 
i. 
active. 


FOUR: 
JB 
LINE. 
4. FIVE 
INC 
ZERO_COUNTER 
MOV 
ZERO_BIT 
•• , 
Line 
number 
5 is 
active. 


FIVE: 
JB 
L.lNE. 
5.51 
X 
INC 
ZERO 
COUNTER 
MOV 
ZERO::BlT 
•• 6 
Line 
numbe" 
6 
i. 
ac tive. 


SIX, 
JB 
LINE. 
6. SEVEN 
INC 
ZERO 
COUNTER 
P10V 
ZERO::BlT 
•• 7 
Lin. 
number 
7 
is 
active. 


SEVEN: 
JB 
LINE.7.EIGHT 
INC 
ZERO 
COUNTER 
P10V 
ZERO::BlT 
•• 8 
Lin. numbe,. 
8 
i. 
at t i v e. 


EIGHT: 
RET 
270068-19 


Figure 18.Subroutine SCAN Determines Which of 8 Bits In LINE Is Zero 


Notice 
that 
RESPONSE_TO~EY_CLOSURE 
does not change the Accumulator, the PSW, nor any of 
the registers ROthrough R7. Neither do SCAN or DE- 
BOUNCE_DELAY. 


What we come out with then is a one-byte key address 
(ADDRESS) 
which identifies the pressed key. The 
key's scan line number is in the upper nibble of AD- 
DRESS, and its receive line number is in the lower 
nibble. ADDRESS can be used in a look-up table to 
generate a key code to transmit to a host computer, 
and/or to a display device. 


The keyboard interrupt itself must be edge-triggered, 
rather than level-activated, so that the interrupt routine 
is invoked when a key is pressed, and is not constantly 
being repeated as long as the key is held down. In edge- 
triggered mode, the on-chip hardware clears the inter- 
rupt flag (EXO, in this case) as the service routine is 
being vectored to. In this application, however, contact 
bounce will cause several more edges to occur after the 
service routine has been vectored to, during the DE- 
BOUNCE_DELAY 
routine. Consequently it is neces- 
sary to clear EXO again in software before executing 
RETI. 
. 


The debounce delay routine also takes advantage of the 
Idle mode. In this routine a timer must be preloaded 
with a value appropriate to the desired length of delay. 
This would be 


. 
(osc kHz) x (delay time ms) 
timer preload = 
12 


For example, with a 3.58 MHz oscillator frequency, a 
30 ms delay could be obtained using a preload value of 
- 8950, or DDOA, in hex digits. 


In the debounce delay routine (Figure 19), the timer 
interrupt is enabled and set to a higher priority than the 
keyboard interrupt, because as we invoke Idle, the key- 
board interrupt is still "in progress". An interrupt of 
the same priority will not be acknowledged, and will 
not terminate the Idle mode. With the timer interrupt 
set to priority I, while the keyboard interrupt is a prior- 
ity 0, the timer interrupt, when it occurs, will be ac- 
knowledged and will wake up the CPU. The timer in- 
terrupt service routine does not itself have to do any- 
thing. The service routine might be nothing more than 
a single RETI instruction. RETI from the timer inter- 
rupt service routine then returns execution to the de- 
bounce delay routine, which shuts down the timer and 
returns execution to the keyboard service routine. 


DRIVING AN LeO 


An LCD (Liquid Crystal Display) consists of a back- 
plane and any number of segments or dots which will 
be used to form the image being displayed. Applying a 
voltage (nominally 4 or 5V) between any segment and 
the backplane causes the segment to darken. The only 
catch is that the polarity of the applied voltage has to 
be periodically 
reversed, 
or else a chemical 
reac- 
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OEBDUNCE_OELAY, 
I1DV 
TU. 
InU 
PRELDAO 
I1DV 
TH1 •• TH1JpRELDAO° 


SETB 
ETl 
SETB 
PTl 
SETB 
TRl 
DRL 
PCDN •• l 


Prelo.d 
low 
bVt •. 
Pr.load 
high 
bvte. 


Enable 
Timer 
1 
interrupt. 
Set 
Timer 
1 
interrupt 
to 
high 
priorit~. 


Start 
timer 
running. 


Invoke 
Idle 
mode. 


CLR 
CLR 
CLR 
RET 


TRl 
PTl 
ETl 


Stop 
the 
timer. 


S.ck 
to 
prioTitv 
0 
(if 
desired). 
Dlsilble 
Timer 
1 interrupt 
(if 
desired) 
Continue 
k.~bo.rd 
scan 
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Figure 19. Subroutine 
DEBOUNCLDELA 
Y Puts the 80C51 BH Into Idle During the Delay Time 


tion takes place in the LCD which causes deterioration 
and eventual failure of the liquid crystal. 


To prevent this happening, the backplane and all the 
segments are driven with an AC signal, which is de- 
rived from a rectangular voltage waveform. If a seg- 
ment is to be "off" it is driven by the same waveform as 
the backplane. Thus it is always at backplane potential. 
If the segment is to be "on" it is driven with a wave- 
form that is the inverse of the backplane waveform. 
Thus it has about SV of periodically changing polarity 
between it and the backplane. 


With a little software overhead, the 80CSIBH can per- 
form this task without the need for additional LCD 
drivers. The only drawback is that each LCD segment 
uses up one port pin, and the backplane uses one more. 
If more than, say, two 7-segment digits are being driv- 
en, there aren't many port pins left for other tasks. 
Nevertheless, 
assuming 
a 
given 
application 
leaves 
enough port pins available to support this task, the con- 
siderations for driving the LCD are as follows. 


Suppose, for example, it is a 2-digit display with a deci- 
mal point. One port (TENS_DIGIT) 
connects to the 7 
segments of the tens digit plus the backplane. Another 
port (ONES_DIGIT) 
connects to a decimal point plus 
the 7 segments of the ones digit. 


One of the 80CSIBH's timers is used to mark off half- 
periods of the drive voltage waveform. The LCD drive 
waveform should have a rep rate between 30 and lOO 
Hz, but it's not very critical. A half-period of 12ms will 
set the rep rate to about 42 Hz. The preload/reload 
value to get 12 ms to rollover is the 2's complement 
negative of the oscillator frequency in kHz: if the oscil- 
lator 
frequency 
is 3.58 MHz, 
the reload 
value is 
- 3580, or F204 in hex digits. 


Now, the 80CSIBH would normally be in Idle, to con- 
serve power, during the time that the LCD and other 


tasks are not requiring servicing. When the timer rolls 
over 
it 
generates 
an 
interrupt, 
which 
brings 
the 
80C5lBH out of Idle. The service routine reloads the 
timer (for the next rollover), and inverts the logic levels 
of all the pins that are connected to the LCD. It might 
look like this: 


LeD_DRIVE_INTERRUPT: 
MOV 
TL1.#LOW( - XTAL_FREQl 
MOV 
TH1.#HIGH( - XTAL_FREQ) 
XRL 
TENS_DIGIT.#OFFH 
XRL 
ONES_DIGIT.#OFFH 
RETI 


To update the display, one would use a look-up table to 
generate the characters. In the table, "on" segments are 
represented as Is, and "ofT" segments as Os. The back- 
plane bit is represented as a O. The quantity to be dis- 
played is stored in RAM as a BCD value. The look-up 
table operates on the low nibble of the BCD value, and 
produces the bit pattern that is to be written to either 
the ones digit or the tens digit. Before the new patterns 
can be written to the LCD, the LCD drive interrupt has 
to be disabled. That is to prevent a polarity reversal 
from taking place between the times the two digits are 
written. An update subroutine is shown in Figure 20. 


USING AN LeO DRIVER 


As was noted, 
driving 
an 
LCD 
directly 
with 
an 
80CSIBH uses a lot of port pins. LCD drivers are avail- 
able in CMOS to interface an 80C5IBH to a 4-digit 
display using only 7 of the C51BH's I/O pins. Basical- 
ly, the C51BH tells the LCD driver what digit is to be 
displayed (4 bits) and what position it is to be displayed 
in (2 bits), and toggles a Chip Select pin to tell the 
driver to latch this information. The LCD driver gener- 
ates the display characters (hex digits), and takes care 
of the polarity reversals using its own RC oscillator to 
generate the timing. 
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Figure 
2la 
shows an 
80C5lBH 
working 
with 
an 
ICM7211M to drive a 4-digit LCD, and the software 
that updates the display. 


One could equally well send information to the LCD 
driver over the bus. In that case, one would set up the 
Accumulator with the digit select and data input bits, 
and execute a MOVX@ RO,A instruction. The LCD 
driver's chip select would be driven by the CPU's WR 
signal. This is a little easier in software than the direct 
bit manipulation shown in Figure 21a. However, it uses 
more I/O pins, unless there is already some external 
memory involved. In that case, no extra pins are used 
up by adding the LCD driver to the bus. 


RESONANT 
TRANSDUCERS 


Analog transducers are often used to convert the value 
of a physical property, such as temperature, pressure, 
etc., to an analog voltage. These kinds of transducers 
then require an analog-to-digital converter to put the 
measurement into a form that is compatible with a digi- 
tal control system. Another kind of transducer is now 
becoming available that encodes the value of the physi- 
cal property into a signal that can be directly read by a 
digital control system. These devices are called reso- 
nant transducers. 


Resonant transducers are oscillators whose frequency 
depends in a known way on the physical property being 
measured. These devices output a train of rectangular 
pulses whose repetition rate encodes the value of the 
quantity being measured. The pulses can in most cases 
be fed directly into the 80C51BH, which then measures 
either the frequency or period of the incoming signal, 
basing the measurement on the accuracy' of its own 
clock oscillator. The 8OC5lBH can even do this in its 
sleep; that is, in Idle. 


When the frequency or period measurement is complet- 
ed, the C5lBH wakes itself up for a very short time to 
perform a sanity check on the measurement and con- 
vert it in software to any scaling of the measured quan- 
tity that may be desired. The software conversion can 
include corrections for nonlinearities in the transduc- 
er's transfer function. 


Resolution is also controlled by software, and can even 
be dynamically varied to meet changing needs as a situ- 
ation becomes more critical. For example, in a process 
controller you can increase your resolution ("fine tune" 
the control, as it were) as the process approaches its 
target. 


The nominal reference frequency of the output signal 
from these devices is in the range of 20 Hz to 500 kHz, 
depending on the design. Transducers are available that 
have a full scale frequency shift 2 to 1. The transducer 
operates from a supply voltage range of 3V to 20V, 
which means it can operate from the same supply volt- 
age as the 8OC5IBH. At 5V, the transducer draws less 
than 5 mA (Reference 7). It can normally be connected 
directly to one of the C5IBH's port pins, as shown in 
Figure 22. 


FREQUENCY 
MEASUREMENTS 


Measuring a frequency means counting pulses for a 
known sample time. Two timer/counters 
can be used, 
one to mark off the sample time and one to count puls- 
es. If the frequency being counted doesn't exceed 50 
kHz or so, one may equally well connect the transducer 
signal to one of the external interrupt pins, and count 
pulses in software. That frees up one timer, with very 
little cost in CPU time. 


The count that is directly obtained is TxF, where T is 
the sample time and F is the frequency. The full scale 


UPDATE_LCD: 


CLR 
MOV 
MOV 
SWAP 
ANL 
MOVC 
MOV 
MOV 
ANL 
Move 
MOV 
,,~V 


MOV 
SETS 
RET 


ETI 
DPTR. 
nABLE_ADDRESS 
A. 
BCD_VALUE 


A 
A. _OFH 
A, eA+DPTR 


TENS_DIGIT. 
A 
A. BCD_VALUE 
A ••OFH 
A.@A+DPTR 
C. DECIMAL_POINT 
ACC.7.C 
ONES_DIGIT. 
A 


ET1 


Disable 
LeO 
drive 
interrupt. 


Look-up 
table 
begins 
at 
TABLE_ADDRESS 
Digit. 
to 
be 
di$pla~.d. 


Move 
tens 
digit 
to 
low 
nibble. 


Mask 
off 
high 
nibble. 


Tens 
digit 
pattern 
to 
accumulator 
Update 
LeO 
tens 
digit. 


Digits 
to 
b. 
di5pl.~ed. 


Ma,k 
of' 
tens 
digit. 


Ones 
dIgIt 
pattern 
to 
accumulator 
Add 
decimal 
point 
to 
segment 
patter-no 
Update 
LeO 
decimal 
point 
and 
ones 
digit. 


Re-enable 
LeO 
drive 
interrupt. 
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Figure 20. UPDATE-LCD 
Routine 
Writes Two Digits to an LCD 


2-173 


infel.. 
AP-252 


1 LSB = TX(Fm;-Fmin) 


range is Tx(Fmax-Fmin). For n-bit resolution 
For example, 8-bit resolution in the measurement of a 
frequency that varies between 7 kHz and 9 kHz would 
require, according to this formula, a sample time of 128 
ms. The maximum acceptable frequency count would 
be 128 ms 
X 9 kHz = 
1152 counts. The minimum 
would be 896 counts. Subtracting 896 from each fre- 
quency count (or presetting the frequency counter to 
- 896 = OFC80H) would allow the frequency to be 
reported on a scale of 0 to FF in hex digits. 


Therefore the sample time required for n-bit resolution 
is 


2" 
T = ""Fm-ax""::""-F:-m"-in 


8OC51BH 
~ 
1} 
DIGIT 
2 
SELECT 
r 
~,{ 
M} 


L. 


PORT 
C. 
B1 
DATA 
r 
D. 


B2 
INPUT 


B3 
!:" 


cs 
v 
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Figure 21a. Using an LeO Driver 


UPDATE_Leo: 


"'DV 
SETB 
SETB 
CALL 
CLR 
CALL 
/'1OV 
CLR 
SETB 
CALL 
CLR 
CALL 
RET 


SHIFT _AND_LOAD: 


RLC 
",DV 
RLC 
"'DV 
RLC 
"'DV 
RLC 
/'1OV 
CLR 
SETB 
RET 


A. DISPLAY 
HI 
DIGIT _SELECT_2 
DIGIT _SELECT_I 
SHIFT 
AND LOAD 
DIGIT::SELECT_I 
SHIFT 
AND 
LOAD 
A. DISPLAY -LO 
DIGIT _SELECT_2 
DIGIT 
SELECT 
1 
SHIFT-AND 
LOAD 
DIGIT-SELECT 
1 
6HIFT::AND_LOAD 


A 
DATA_INPUT _B3. C 
A 
DATA_INPUT _B2. 
C 


A 
DATA_INPUT_Bi. 
C 


A 
DATA_INPUT _BO. C 
CHIP _SELECT 
CHIP _SELECT 


Hi;h 
b~t. 
of 
4-digit 
displ.~. 


Select 
leftmost 
digit 
of 
LeO. 


(Digit 
.ddr.ss 
- 
liB. 
) 
High 
nibble 
of 
high 
byte 
to 
,.lected 
digit 
Select 
second 
digit 
of LeO 
C.ddr •• s - 
lOB) 
Low 
nibble 
of 
high 
b~t. 
to 
,elected 
digit. 


Low 
byte 0' 4-digit 
dlspl.y. 


Select 
third 
digit 
of LeO. 


(Digit 
.ddre" 
- 018. ) 
High 
nibble 
of 
low 
byte 
to 
,elected 
dlgit. 


S.lect 
fourth 
digit 
<addr.ss 
- 
008). 


Low nibble 
of 
low 
byte 
to 
seh'cted 
digit. 


MS8 to 
c.rry 
bit 
<CV) 


CV to 
Oat. 
Input 
p r n 83. 


Next 
bit 
to 
CV. 


CV to 
Oata 
Input 
pin 
B2. 


N.xt 
bit 
to 
CV. 


CV to 
Oat. 
Input 
pin 
B1: 


L.st 
bit 
to 
CV. 


CV to 
Oat. 
Input 
pin 
BO. 


Toggle 
Chip 
Select. 


O-to-l 
transition 
latch.s 
info 
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Figure 21b. UPDATE-LeO 
Routine Writes 4 Digits to an LeO Driver 
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vcc 


vcc I-- 


t-- 
8OC51BH 
RESONANT 
INTO 
TRANSDUCER \ 
~~ 


VSS 
'-- __ 
..I 
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Figure 22. Resonant Transducer Does Not 
Require an AID Converter 


To implement the measurement, one timer is used to 
establish the sample time. The timer is preset to a value 
that causes it to roll over at the end of the sample time, 
generating an interrupt and waking the CPU from its 
Idle mode. The required preset value is the 2's comple- 
ment negative of the sample time measured in machine 
cycles. The conversion from sample time to machine 
cycles is to multiply it by 1/12 the clock frequency. For 
example, if the clock frequency is 12 MHz, then a sam- 
ple time of 128 ms is 


(128 ms) x (12000 kHz)/12 = 128000 machine 
cycles. 


Then the required preset value to cause the timer to roll 
over in 128 ms is 


\ 


-128000 
= FEOCOO, in hex digits. 


Note that the preset value is 3 bytes wide whereas the 
timer is only 2 bytes wide. This means the timer must 
be augmented in software in the timer interrupt routine 
to three bytes. The 8OC51BH has a DJNZ instruction 
(decrement and jump if not zero) that makes it easier to 
code the third timer byte to count down instead of up. 
If the third timer byte counts down, its reload value is 
the 2's complement of what it would be for an up-coun- 
ter. For example, if the 2's complement of the sample 
time is FEOCOO,then the reload value for the third 
timer byte would be 02, instead of FE. The timer inter- 
rupt routine might then be: 


TlMER_INTERRUPT_ROUTINE: 
DNJZ 
THIRD_TIMER_BYTE,OUT 
MOV 
TLO,#O 
MOV 
THO,#OCH 
MOV 
THIRD_TlMERBYTE,#2 
MOV 
FREQUENCY,COUNTER_LO 
;Preset COUNTER to -896: 
MOV 
COUNXER_LO,#80H 
MOV 
COUNTER_HI,#OFCH 
OUT: 
RETI 


At this point the value of the frequency of the transduc- 
er signal, measured to 8 bit resolution, is contained in 
FREQUENCY. Note that the timer can be reloaded on 
the fly. Note too that the timer can be reloaded on the 
fly. Note too that for 8-bit resolution only the low byte 
of the frequency counter needs to be read, since the 
high byte is necessarily O. However, one may want to 
test the high byte to ensure that it is zero, as a sanity 
check on the data. Both bytes, of course must be re- 
loaded. 


PERIOD 
MEASUREMENTS 


Measuring the period of the transducer signal means 
measuring the total elapsed time over a known number, 
N, of transducer pulses. The quantity that is directly 
• 
measured is NT, where T is the period of the transduc- 
er signal in machine 
cycles. The relationship between T 
in machine cycles' and the transducer frequency F in 
arbitrary frequency units is 


T = F~al 
x (1/12), 


where FxtaI is the 8OC51BH clock frequency, in the 
same units as F. 


The full scale range then is Nx (Trnax+ Tmin). For 
n-bit resolution. 


Ns(Tmax-Tmin) 
1LSB= 
2n 
. 


Therefore the number of periods over which the elapsed 
time should be measured is 


N = :::--=2-:n,.-,,.- 
Tmax-Tmin 


However, N must also be an integer. It is logical to 
evaluate the above formula (don't forget Tmax and 
Tmin have to be in machine cycles) and select for N the 
next higher integer. This selection gives a period mea- 
surement that has somewhat more than n-bit resolu- 
tion, but it can be scaled back if desired. 


For example, suppose we want 8-bit resolution in the 
measurement of the period of a signal whose frequency 
varies from 7.1 kHz to 9 kHz. If the clock frequency is 
12 MHz, then Tmax is (12000 kHz/7.1 kHz) x (1/12) 
= 141 machine cycles. Tmin is III 
machine cycles. 
The required value for N, then, is 256/(141-111) 
= 


8.53 periods, according to the formula. Using N = 9 
periods will give a maximum NT value of 141 x 9 = 
1269 machine cycles. The minimum NT will be III 
X 


9 = 999 machine cycles. A lookup table can be used to 
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scale these 
values 
back 
to a range 
of 0 to 255, giving 
precisely 
the 8-bit resolution 
desired. 


To implement 
the measurement, 
one timer 
is used 
to 
measure 
the elapsed 
time, 
NT. The transducer 
is con- 
nected 
to one of the 
external 
interrupt 
pins, 
and 
this 
interrupt 
is configured 
to the transition-activated 
mode. 
In the transition-activated 
mode every l-to-O transition 
in the transducer 
output 
will generate 
an interrupt. 
The 
interrupt 
routine 
counts 
transducer 
pulses, 
and when it 
gets to the 
predetermined 
N, 
it reads 
and 
clears 
the 
timer. 
For 
the specific 
example 
cited above, 
the inter- 
rupt routine 
might 
be: 


INTERRUPT_RESPONSE: 
DJNZ 
N,OUT 
MOV 
N,#9 
CLR 
EA 
CLR 
TRl 
MOV 
NT_LO,TLl 
MOV 
NT_HI,THl 
MOV 
TLl,#9 
MOV 
THl,#O 
SETB 
TRl 
SETB 
EA 
CALL 
LOOKUP_TABLE 
OUT: 
RETI 


In this routine 
a pulse counter 
N is decremented 
from 
its preset 
value, 
9, to zero. 
When 
the counter 
gets to 
zero it is reloaded 
to 9. Then all interrupts 
are blocked 
for a short time while the timer is read and cleared. 
The 
timer 
is stopped 
during 
the read 
and clear operations, 
so "clearing" 
it actually 
means 
presetting 
it to 9, to 
make up for the 9 machine 
cycles that are missed while 
the timer 
is stopped. 


The 
subroutine 
LOOKUP 
_TABLE 
is used 
to scale 
the measurement 
back to the desired 
8-bit resolution. 
It 
can also include 
built-in 
corrections 
for errors 
or non- 
linearities 
in the transducer's 
transfer 
function. 


The 
subroutine 
uses 
the 
MOVC 
A, 
@ A + DPTR 
instruction 
to access 
the table, 
which 
contains 
270 en- 
tries 
commencing 
at the 
16-bit address 
referred 
to as 
TABLE. 
The subroutine 
must 
compute 
the address 
of 
the table entry 
that corresponds 
to the measured 
value 
of NT. This address 
is 


DPTR = TABL + NT - 
NTMIN, 


where 
NTMIN 
= 999, in this specific example. 


LOOKUP_TABLE: 
PUSH 
PUSH 
MOV 
ADD 
MOV 
MOV 


ACC 
PSW 
A,#LOW(TABLE-NTMIN) 
A,NT_LO 
DPL,A 
A,#HIGH(TABLE-NMTIN) 


ADDC 
MOV 
CLR 
MOVC 
MOV 
POP 
POP 
RET 


A,NT_HI 
DPH,A 
A 
A,@A+DTPR 
PERIOD,A 
PSW 
ACC 


At this point 
the value of the period 
of the transducer 
signal, measured 
to 8 bit resolution, 
is contained 
in PE- 
RIOD. 


PULSE WIDTH 
MEASUREMENTS 


The 8OC5!BH 
timers 
have an operating 
mode which 
is 
particularly 
suited 
to pulse 
width 
measurements, 
and 
will be useful 
in these 
applications 
if the 
transducer 
signal has a fixed duty cycle. 


In this 
mode 
the 
timer 
is turned 
on by the 
on-chip 
circuitry 
in response 
to an input 
high 
at the external 
interrupt 
pin, and offby 
an input low, and it can do this 
while the 80C5!BH 
is in Idle. (The "GATE" 
mode of 
timer 
operation 
is described 
in the Intel 
Microcontrol- 
ler Handbook.) 
The external 
interrupt 
itself can be en- 
abled, so the same l-to-O transition 
from the transducer 
that turns 
off the timer also generates 
an interrupt. 
The 
interrupt 
routine 
then reads 
and resets the timer. 


The 
advantage 
of this 
method 
is that 
the 
transducer 
signal has direct access to the timer gate, with the result 
that variations 
in interrupt 
response 
time have no effect 
on the measurement. 


Resonant 
transducers 
that are designed 
to fully exploit 
the GATE 
mode 
have an internal 
divide-by-N 
circuit 
that fixes the duty cycle at 50% and lowers 
the output 
frequency 
to the 
range 
of 250 to 500 Hz 
(to control 
RFI). 
The transfer 
function 
between 
transducer 
period 
and 
measurand 
is approximately 
linear, 
with 
known 
and repeatable 
error 
functions. 


HMOS/CHMOS 
Interchangeability 


The 
CHMOS 
version 
of the 
8051 
is architecturally 
identical 
with the HMOS 
version, 
but there 
are never- 


theless some important 
differences 
between 
them which 
the designer 
should 
be aware 
of. In addition, 
some ap- 
plications 
require 
interchangeability 
between 
HMOS 
and CHMOS 
parts. The differences 
that need to be con- 


sidered 
are as follows: 


External 
Clock 
Drive: 
To drive 
the HMOS 
8051 with 
an 
external 
clock 
signal, 
one 
normally 
grounds 
the 
XT ALl 
pin and drives 
the XT AL2 
pin. To drive 
the 
CHMOS 
8051 with an external 
clock 
signal, 
one must 
drive the XTALl 
pin and leave the XTAL2 
pin uncon- 
nected. 
The 
reason 
for 
the 
difference 
is that 
in the 
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HMOS 8051, it is the XTAL2 pin that drives the inter- 
nal clocking circuits, whereas in the CHMOS version it 
is the XTALl pin that drives the internal clocking err- 
cuits. 


There are several ways to design an external clock drive 
to work with both types. For low clock frequencies(be- 
low 6 MHz), the HMOS 8051can be driven in the same 
way as the CHMOS version, namely, through XTALI 
with XTAL2 unconnected. Another way is to drive 
both XTALI and XTAL2; that is, drive XTALl and 
use and external inverter to derive from XTALI a sig- 
nal with which to drive XTAL2. 


In either case, a 74HC or 74HCT circuit makes an ex- 
cellent driver for XTALl and/or XTAL2, because nei- 
ther the HMOS nor the CHMOS XTAL pins have 
ITL-like input logic levels. 


Unused Pins: Unused pins of Ports I, 2 and 3 can be 
ignored in both HMOS and CHMOS designs. The in- 
ternal pullups will put them into a defined state. Un- 
used Port 0 pins in 8051 applications can be ignored, 
even if they're floating. But in 8OC51BHapplications, 
these pins should not be left afloat. They can be exter- 
nally pulled up or down, or they can be internally 
pulled down by writing Osto them. 


8031/8OC31BHdesigns mayor may not need pullups 
on Port O.Pullups aren't needed for program fetches, 
because in bus operations the pins are actively pulled 
high or low by either the 8031 or the external program 
memory. But they are needed for the CHMOS part .if 
the Idle or Power Down mode is invoked, because m 
these modes Port 0 floats. 


Logic Levels: If VCC is between 4.5V and 5.5V, an 
input signal that meets the HMOS 8051's input logic 
levels.will also meet the CHMOS 8OC5lBH's input log- 
ic levels (except for XTALl/XTAL2 
and RST). For 


the same VCCcondition, the CHMOS devicewill reach 
or surpass the output logic levelsof the HMOS device. 
The HMOS devicewill not necessarilyreach the output 
logic levelsof the CHMOS device.This is an important 
consideration if HMOS/CHMOS 
interchangeability 
must be maintained in an otherwise CMOS system. 


HMOS 8051 outputs that have internal pullups (Ports 
1,2, and 3) "typically" reach 4V or more ifIOH is zero, 
but not fast enough to meet timing specs. Adding an 
external pullup resistor will ensure the logic level, but 
still not the timing, as shown in Figure 23. If timing is 
an issue, the best way to interface HMOS to CMOS is 
through a 74HCT circuit. 


Idle and Power Down: The Idle and Power Down 
modes exist only on the CHMOS devices, but if one 


TTL V1H 


HMOS 
CIIOS ~':!_ 
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Figure 23. e-te-t Transition Shows Unspec'd 


Delay (~t) in HMOS to 74HC Logic 


wishes to preserve the capability of interchanging 
HMOS and CHMOS 8051s the software has to be de- 
signed so that the HMOS parts will respond in an ac- 
ceptable manner when a CHMOS reduced power mode 
is invoked. 


For example, an instruction that invokes Power Down 
can be followed by a "JMP $": 


CLR 
EA 
ORL 
PCON,#2 
JMP 
$ 


The CHMOS and HMOS parts will respond to this 
sequence of code differently. The CHMOS part~ going 
into a normal CHMOS Power Down Mode, will stop 
fetching instructions until it gets a hardware reset. The 
HMOS part will go through the motions of executing 
the ORL instruction, and then fetch the JMP instruc- 
tion. It will continue fetching and executing JMP $ un- 
til hardware reset. 


Maintaining HMOS/CHMOS 8051 interchangeability 
in response to Idle requires more planning. The HMOS 
part will not respond to the instruction that puts the 
CHMOS part into Idle, so that instruction needs.to.be 
followed by a software idle. This would be an idling 
loop which would be terminated by the same conditions 
that would terminate the CHMOS's hardware Idle. 
Then when the CHMOS device goes into Idle, the 
HMOS version executes the idling loop, until either a 
hardware reset or an enabled interrupt is received. Now 
if Idle is terminated by an interrupt, execution for the 
CHMOS device will proceed after RETI from the in- 
struction following the one that invoked Idle. The in- 
struction following the one that invoked Idle is the 
idling loop that was inserted for the HMOS device. At 
this point, both the HMOS and CHMOS devices must 
be able to fall through the loop to continue execution. 
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One way to achieve the desired effect is to define a 
"fake" Idle flag, and set it just before going into Idle. 
The instruction that invoked Idle is followed by a soft- 
ware idle: 


SETB 
IDLE 
ORL 
PCON,#l 
JB 
IDLE,S 


Now the interrupt that terminates the CHMOS's Idle 
must also break the software idle. It does so by clearing 
the "Idle" bit: 


CLR 
IDLE 
RETl 


Note too that the PCON register in the HMOS 8051 
contains only one bit, SMOD, whereas the PCON reg- 
ister in CHMOS contains SMOD plus four other bits. 
Two of those other bits are general purpose flags. Main- 
taining 
HMOS/CHMOS 
interchangeability 
requires 
that these flags not be used. 
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The serial port on the 8051 has been enhanced on the 
83C51FA with the addition of two new features: Auto- 
matic Address Recognition and Framing Error Detec- 
tion. Automatic Address Recognition facilitates multi- 
processor communications by reducing CPU overhead. 
Framing Error Detection increases communication reli- 
ability by checking each reception for a valid stop bit. 


This Application Note explains how to use these new 
features with samples of code for typical applications. 
A section is also included which reviews how to set up 
the serial port for multiprocessor applications, 


MULTIPROCESSOR 
COMMUNICATIONS 


In applications where multiple controllers jointly per- 
form a task, the master controller must be able to com- 
municate selectively with individual slaves. To do this, 
the master first identifies the target slave (or slaves) 
with an address byte and then transmits a block of data. 
The target slaves must be able to identify their own 
address before receiving any data bytes. 


The serial port on the 8051 provides a 9-bit mode to 
facilitate multiprocessor communication. 
The 9th bit 
allows the controller to distinguish between address 
and data bytes. In this mode, a total of 11 bits are 
received or transmitted: a start bit (0), 8 data bits (LSB 
first), a programmable 9th bit, and a stop bit (I). See 
Figure below. 


The 9th bit is set to I to identify address bytes and set 
to 0 for data bytes. A typical data stream is seen below: 


ADDRESS 
BYTE 
08 = 1 


DATA BYTE 
08 = 0 


DATA BYTE 
/ 
... 


08 = 0 


Initially the slave is set up to only receive address bytes. 
Once it receives its own address, the slave reconfigures 
itself to receive data. On the 8051 serial port, an ad- 
dress byte interrupts all slaves for an address compari- 
son. On the 83C51FA, however, Automatic Address 
Recognition allows the addressed slave to be the only 
one interrupted; that is, the address comparison occurs 
in hardware, not software. With this feature, the master 
controller can establish communication 
with one or 
more slaves without all the slaves having to respond to 
the transmission. 


AUTOMATIC 
ADDRESS 
RECOGNITION 


Automatic Address Recognition reduces the CPU time 
required to service the serial port. Since the CPU is 
only interrupted when it receives its own address, the 
software overhead to compare addresses is eliminated. 
This would also effectively reduce the sophistication of 
the serial protocol when numerous controllers are shar- 
ing the same serial link. 


This same feature can also be used in conjunction with 
the Idle Mode to reduce the system's overall power 
consumption. For instance, a master may need to com- 
municate with only one slave at a time. With all slaves 
in Idle Mode, only that one slave would be interrupted 
to respond to the master's transmission. Without Auto- 
matic Addressing, each slave would have to "wake up" 
to check for its address. Limiting the interruptions re- 
duces the amount of current drawn by the system and 
thus reduces the power consumption. 


In multiprocessor applications the serial port is config- 
ured in either of the 9-bit modes (Mode 2 or 3). Mode 2 
has a fixed baud rate whereas Mode 3 is variable. For 
more information on the different serial port modes re- 
fer to the "Serial Port Set Up" section. 


Automatic Address Recognition is enabled by setting 
the SM2 bit in SCON. Each slave has its SM2 bit set 
waiting for an address byte (9th bit = 1). The Receive 
Interrupt (RI) flag will get set when the received byte 
corresponds to either a Given or Broadcast Address. 
The slave then clears its SM2 bit to enable reception of 
data bytes (9th bit = 0) from the master. 


The master can selectively communicate with groups of 
slaves by using the Given Address. Addressing 
all 
slaves at once is possible with the Broadcast Address. 
These addresses are defined for each slave by two new 
Special Function Registers: SADDR and SADEN. 


A slave's individual address is specified in SADDR. 
SADEN is a mask byte that defines don't-cares to form 
the Given Address. These don't-cares allow flexibility 
in the user-defined protocol to address one or more 
slaves. The following is an example of how to define 
Given 
Addresses 
and 
selectively address 
different 
slaves. 
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Slave 1 
SADDR 
1111 
0001 
SADEN 
1111 
1010 


GIVEN 
1111 
OXOX 


Slave 2 
SADDR 
1111 
0011 
SADEN 
1111 
1001 


GIVEN 
1111 
OXX1 


Ap·410 


The SADEN bytes have been selected such that bit I 
(LSB) is a don't-care for Slave I's Given Address, but 
bit 1 = 1 for Slave 2. Thus, to selectively communicate 
with just Slave I an address with bit I = 0 would be 
used (e.g. 1111סס00). 


Similarly, bit 2 = 0 for Slave I, but is a don't-care for 
Slave 2. Now to communicate with just Slave 2 an ad- 
dress with bit 2 = 1 would be used (e.g. 1111 0111). 


Finally, to communicate with both slaves at once the 
address must have bit I = 
1 and bit 2 = O. Notice, 
however, that bit 3 is a "don't-care" 
for both slaves. 


This allows two different addresses to select both slaves 
(1111 0001 or 1111 0101). If a third slave was added 
that required its bit 3 = 0, then the latter address could 
be used to communicate with Slave 1 and 2 but not 
Slave 3. 


The master can also communicate with all slaves at 
once with the Broadcast Address. It is formed from the 
logical OR of SADDR and SADEN with zeros defined 
as don't-cares. For example, the Broadcast address for 
Slave 1 would be formed as follows: 


SADDR = 1111 
0001 =D- 


BROADCAST = 1111 
1X11 
SADEN = 1111 
1010 


270490-2 


The don't-cares 
also allow flexibility in defining the 
Broadcast Address, but in most applications a Broad- 
cast Address will be OFFH. 


SADDR and SADEN are located at address A9H and 
B9H, respectively. On Reset, SADDR and SADEN are 
initialized to OOHwhich defines the Given and Broad- 
cast Addresses as XXXX XXXX (all don't-cares). This 
assures the 83C51FA serial port to be backwards com- 
patible with the other MCS@-51products which do not 
implement Automatic Addressing. 


FRAMING 
ERROR 
DETECTION 


Framing Error Detection is another new feature on 
83C51FA serial port which allows the receiving con- 
troller to check for valid stop bits in Modes 1,2, or 3. A 
missing stop bit can be caused, for example, by noise on 
the serial lines or transmission by two CPUs simulta- 
neously. 


If a stop bit is missing a Framing Error bit FE will be 
set. This bit can then be checked in software after each 
reception to detect communication errors. Once set, the 
FE bit must be cleared in software. A valid stop bit will 
not clear FE. 


The FE bit is located in SCON and shares the same bit 
address as SMO.To determine which is accessed, a new 
control bit called SMODO has been added in the PCON 
register (see figures below). If SMODO = 0, then ac- 
cesses to SCON.7 are to SMO. If SMODO = 1, then 
accesses to SCON.7 are to FE. 


PCON: Power Control Register (Not Bit Addressable) 


ISMOD1ISMODO~ 


Address = 87H 


SCON: Serial Port Control Register (Bit Addressable) 


Address = 98H 


SERIAL 
PORT SOFTWARE 


The following sections of code show examples of how 
to invoke Automatic Addressing and Framing Error 
Detection. Routines for both the slave and master are 
given. Code is also included to initialize both serial 
ports; however, for more information on setting up the 
serial port refer to the next section. 


For this example, the master and slave are transmit- 
ting/receiving at 9600 baud with a 12 MHz crystal fre- 
quency. To obtain this baud rate, the serial port is con- 
figured in Mode 3 and Timer 2 is used as the baud-rate 
generator. 


Listing 1 shows the initialization for the slave. Notice 
that Automatic Addressing and Framing Error Detec- 
tion are enabled. The Given and Broadcast addresses 
for this slave are taken from Slave 1 in the previous 
example. A temporary byte has also been defined to 
store the incoming data byte. 


The slave will remain in Idle Mode until it is interrupt- 
ed by its own address. At that point, it clears the SM2 
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MUV 
T2CON, #34H 


INTERRUPTS: 
SETB EA 
SETB ES 


ADDRESSES: 
MOV SADDR, # 11110001 
MOV SADEN, # 11111010 


IDLE_MODE: 
ORL PCON, #OlH 


Timer 2 set up, TR2 = 1 turns 
timer on 


Enable global interrupt 
Enable 
serial port interrupt 


Define Given & Broadcast 
Addresses 
GIVEN 
= 11110XOX 
BROADCAST = lllllXll 


Invoke Idle Mode 


Listing 2. Receive 
Routine 
for the Slave 


SERIAL_PORT 
INTERRUPT: 
PUSH PSW 
CLR RI 


CLR SM2 


RECEIVE_DATA: 
JNB RI, $ 
MOV C, SCON.7 
JC FRAMING_ERROR 
MOV TEMP, SBUF 


CLR RI 


SETB SM2 


POP PSW 
RETI 


FRAMING_ERROR: 
CLR SCON.7 
CLR C 
••• 
POP PSW 
RETI 


RI set when address 
is 
recognized & must be cleared 
in software 
Reconfigure 
slave to receive 
data bytes 


Wait for RI to be set 
Check for framing error 


Receive 
data byte & store 
in temporary 
location 
Clear flag for next 
reception 
Re-enable 
Automatic 
Addressing 


Clear FE bit 


Error routine left up to 
the user 
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Listing 3. Initialization 
and Transmit 
Routines 
for the Master 


equ 
data 
1l1l0001B 
30H 


INIT: 
MOV SCON, #ODOH 
MOV RCAP2H, #OFFH 
MOV RCAP2L, #OD9H 
MOV T2CON, #34H 


TRANSMIT_ADDRESS: 
CLR TI 
SETB TB8 


MOV SBUF, #GIVEN_l 
JNB 
TI, $ 


CLR TI 


TRANSMILDATA: 
CLR TB8 


MOV SBUF, MESSAGE_l 
JNB TI, $ 
CLR TI 


Mode 3, REN = 1 
9600 Baud 


Timer 2 set up, TR2 = 1 


Mark 1st byte as an address 
byte 
(9th bit = 1) 
Send address 
Wait for transmission 
complete 
Clear flag for next 
transmission 


Mark 2nd byte as a data 
byte 
(9th bit = 0) 
Send data byte 


bit to enable reception of data bytes. Depending on the 
user's protocol, more than one data byte may actually 
be received. This example, however, assumes only one 
byte of data follows each address byte. 


Listing 2 shows the receive routine. Notice that when 
the data byte is received, the software checks for a 
framing error. The error routine could, for example, 
send an error message to the master and ask the master 
to re-transmit the last message. Before exiting the rou- 
tine the SM2 is set to I to reenable Automatic Address- 
ing. Once the slave has responded to the master's com- 
mand, it could also put itself back into Idle Mode to 
wait for the next message. 


The initialization routine for the master in Listing 3 is 
very similar to the slave. In this example, however, the 
master does not need Automatic Addressing; it is sim- 
ply transmitting address and data bytes. GIVEN_I 
is 


a byte to address the slave in the above example. 
MESSAGE_I 
is a register that contains the data byte 


sent to this slave. Its value is arbitrary for the sample 
code. 


SERIAL 
PORT SET UP 


This section describes how to initialize the 83C51FA 
serial port for multiprocessor applications. Two differ- 
ent modes are available which provide 9-bit operation: 


Mode 2 which has a fixed baud rate and Mode 3 which 
has a variable baud rate. Baud rates can be generated 
by either 
Timer 
I or Timer 
2 (available on the 
83C51FA but not the 8051). Deciding which mode and 
timer to use is determined by the desired baud rate and 
clock frequency of the particular application. 


Another consideration is the tolerance needed between 
serial ports. Since the serial port re-synchs its receiver 
at every start bit, only 8 or 9 bit-times are available to 
accumulate timing errors. As a result, the receiver and 
transmitter only have to be within about 5% of each 
other's baud rate. Allowing equal error to both trans- 
mitter and receiver, only about 2% accuracy is actually 
needed. 


Following is a discussion of both Modes 2 and 3 and 
examples of how to program each. The mode selection 
bits (SMO and SMI) are located in SCON. The REN 
bit must also be set to enable reception. 


SCON: Serial Port Control Register (Bit Addressable) 


Address = 


Mode 
2 


98H 


SMO 
1 
SM1 
o 
Baud Rate 
Fosc/64 
or 
Fosc/32 
Variable 
3 
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Example 
1. Serial Port Mode 2 


Serial port Mode 2 
Automatic Addressing 
(SM2 = 1), 
reception enabled 
(REN = 1) 
SMODl = 1 to double baud rate 


Frequency 
Desired Baud Rate 
= 12 MHz 
= 375 kBaud 
= 1/32 (Osc Freq) 


MOV SCON, #OBOH 


ORL PCON, #80H 


Mode 2 


Mode 
2 uses a fixed baud 
rate of 1/32 
or 1/64 of the 
oscillator 
frequency 
depending 
on 
the 
value 
of 
the 
SMODI 
bit 
in PCON. 
This 
mode 
basically 
offers 
a 
choice 
of two high-speed 
baud 
rates. 
With 
a 12 MHz 
clock 
frequency, 
baud 
rates 
of 
187.5 
kbaud 
or 
375 
kbaud 
can be obtained. 


None of the timer/counters 
need to be set up for Mode 
2. Only the SFRs SCON and PCON 
need to be defined. 


PCON: 
Power 
Control 
Register 
(Not 
Bit Addressable) 


ISMOD1IsMODO~ 


Address 
= 87H 


The baud 
rate in this mode is calculated 
by: 


2SMOD1 
X Osc Freq 
Mode 2 Baud Rate = 
64 


SMOD1 = 0, 


SMOD1 = 1, 


Baud Rate = 1/64 Osc Freq 


Baud Rate = 1/32 Osc Freq 


Mode 3 


Mode 3 of the serial port has a variable 
baud rate gener- 
ated 
by either 
Timer 
I or Timer 
2. The 
baud 
rate 
is 
generated 
by the rollover 
rate of the selected 
timer. The 
timer 
is operated 
in an auto-reload 
mode so it will roll 
over to the reload 
value selected 
in software. 


Baud 
rates 
based 
off Timer 
2 have less granularity 
so 
that 
almost 
any baud 
rate can be obtained 
at a given 
clock 
frequency. 
However, 
Timer 
I is sufficient 
if the 
desired 
baud rate can be obtained 
at the specified 
clock 
frequency. 
Remember 
baud 
rates 
only need about 
2% 
accuracy. 


Timer 
1 Set Up 


To generate 
baud rates Timer 
I is usually 
configured 
in 
8-bit auto-reload 
mode (Mode 
2). The mode select bits 


are MI and MO located 
in TMOD. 
To turn on Timer 
I 
the TRI 
bit in TCON 
must 
be set. Also, 
the Timer 
I 
interrupt 
should 
be disabled 
in this application 
so that 
when the timer 
overflows 
it does not generate 
an inter- 


rupt. 


TMOD: 
Timer/Counter 
Mode 
Control 
Register 
(Not bit addressable) 


Timer 1 


Address 
= 89H 


Timer 0 


TCON: 
Timer/Counter 
Control 
Register 
(Bit addressable) 


Address 
= 88H 


The formula 
for calculating 
the baud 
rate is given be- 
low. THl 
is the reload 
value for Timer 
1 when it over- 
flows. 


B 
d R 
K x Osc Freq 
au 
ate = 32 x 12 x [256 - (TH1)] 


K = 1 if SMOD1 = O. 


K = 2 if SMOD1 = 1. (SMOD1 is at peON.7) 


If the baud rate is known, 
the reload 
value THl 
can be 
calculated 
by: 


TH1 = 256 _ 
K x Osc Freq 
384 x Baud Rate 


THl 
must 
be an integer 
value. 
Rounding 
off THI 
to 
the nearest 
integer 
may 
not produce 
the desired 
baud 
rate with the 2% accuracy 
required. 
In this case, anoth- 


er crystal 
frequency 
may have to be chosen. 


Refer to Table 
1 for timer 
reload 
values for commonly 
used baud rates. 
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Table 
1. Commonly 
Used Baud Rates Generated 
by Timer 
1 


Baud Rate 
OscFreq 


, 


SMOD1 
Timer 
1 


TMOD 
Reload 
Value 


62.5K 
12MHz 
1 
20 
FFH 
19.2K 
11.06MHz 
1 
20 
FDH 
9.6K 
11.06MHz 
. 
0 
20 
FDH 
4.8K 
11.06MHz 
0 
20 
FAH 
2.4K 
11.06MHz 
0 
20 
F4H 
1.2K 
11.06MHz 
0 
20 
E8H 
300 
6MHz 
0 
20 
CCH 
110 
6MHz 
0 
20 
72H 


Example 
2. Serial Port Mode 3, with Timer 
1 as Baud-Rate 
Generator 


Frequency 
= 11.0 MHz 
Desired Baud Rate 
= 19.2 kBaud 


THl 
(2) x (11.0 x 106) 
= 256 - -'--'----'------'- 


(32)x (12)x (19200) 
• 


= 253 = FDH 


MOV SCON. HOFOH 


ORL PCON. H80H 
MOV TMOD. H20H 
MOV THl. HOFDH 


Serial port Mode 3. SM2 = 1, 
REN = 1 
SMODl = 1 
Timer 1 Mode 2 
Reload value for desired baud 
rate 
Turn on Timer 1 
SETB TRl 


It can be seen that the exact frequency to generate the 
standard 
baud 
rates (19.2K, 9600, 4800, etc.) is 


11.06 MHz. However, it is not necessary to use this 
exact frequency. With a 2% tolerance any crystal value 
from 10.8 MHz to 11.3MHz is sufficient. 


Timer 2 Set Up 


Timer 2 has a special baud-rate generator mode which 
transmits and receives at the same baud rate. This 
mode is invoked by setting both the RCLK and TCLK 
bits in T2CON. To turn Timer 2 on the TR2 bit should 
also be set. 


Unlike Timer I, this mode does not require that the 
timer overflow interrupt be disabled. That is, when 
Timer 2 is in the baud-rate generator mode, its inter- 
rupt is disconnected from the Timer 2 overflow. This 


interrupt then becomes available as a third external in- 
terrupt. (For more information on external interrupts, 
refer to the chapter "Hardware Description of the 
8051" in the Embedded Controller Handbook.) 


T2CON: Timer/Counter 2 Control Register' 
(Bit Addressable) 


,Address = C8H 


This formula for calculating the baud rate is given be- 
low. (RCAP2H, RCAP2L) is the 16-bit reload value 
when Timer 2 overflows. 


BaudRate = 32 x [65536 ~~~~:~2H, 
RCAP2L)l 


where (RCAP2H, RCAP2L) is a 16-bit unsigned inte- 
ger. 
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To obtain the reload value for RCAP2H and RCAP2L 
the above equation can be rewritten as: 


Table 2. Commonly 
Used Baud Rates 
Generated 
by Timer 2 


Osc Freq 
Baud Rate 
OscFreq 
Timer 2 


RCAP2H 
RCAP2L 


375K 
12 MHz 
FF 
FF 
9.6K 
12 MHz 
FF 
09 
4.SK 
12 MHz 
FF 
B2 
2.4K 
12 MHz 
FF 
64 
1.2K 
12 MHz 
FE 
CS 
300 
12 MHz 
FB 
1E 
110 
12 MHz 
F2 
AF 
300 
6MHz 
FO 
8F 
110 
6MHz 
F9 
57 


(RCAP2H, 
RCAP2l) 
= 65536 
- 
d R 
32 x Bau 
ate 


Refer to Table 2 for reload values for commonly used 
baud rates. 


Notice that when using Timer 2, most standard baud 
rates can be obtained at 12 MHz. 


Example 
3. Serial Port Timer with Timer 2 as Baud-Rate 
Generator 


Frequency 
= 12 MHz 
Desired Baud Rate 
= 9600 Baud 


(RCAP2H, RCAP2L) 
65536 - 
(12 x 106) 
= 
(32) x (9600) 


= 65497 = FFD9H 


MOV SCON, #OFOH 
Serial port Mode 3, SM2 = 1, 
REN = 1 
MOV RCAP2H, #OFFH 
Reload values for desired 
MOV RCAP2L, #OD9H 
baud rate 
MOV T2CON, #34H 
Timer 2 as baud rate 
generator, 
turn on Timer 2 
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This application note illustrates the different functions 
of the Programmable Counter Array (PCA) which are 
available on the 83C5lFA and 83C51FB. Included are 
cookbook samples of code in typical applications to 
simplify the use of the PCA. Since all the examples are 
written in assembly language, it is assumed the reader is 
familiar with ASM51. For further information on these 
products or ASM5l refer to the Embedded Controller 
Handbook (Vol. I). 


PCA OVERVIEW 


The major new feature on the 83C51FA and 83C51FB 
is the Programmable 
Counter Array. The PCA pro- 


vides more timing capabilities with less CPU interven- 
tion than the standard timer/counters. 
Its advantages 
include reduced software overhead and improved accu- 
racy. 


The PCA consists of a dedicated timer/counter 
which 


serves as the time base for an array of five compare/ 
capture modules. Figure I shows a block diagram of 
the PCA. Notice that the PCA timer and modules are 
all 16-bits. If an external event is associated with a 
module, that function is shared with the corresponding 
Port I pin. If the module is not using the port pin, the 
pin can still be used for standard I/O. 


Each of the five modules can be programmed in any 
one of the following modes: 


- Rising and/or Falling Edge Capture 


- Software Timer 
- High Speed Output 
- Watchdog Timer (Module 4 only) 
- Pulse Width Modulator. 


All of these modes will be discussed later in detail. 
However, let's first look at how to set up the PCA 
timer and modules. 


PCA TIMER/COUNTER 


The timer/counter 
for the PCA is a free-running 16-bit 
timer consisting of registers CH and CL (the high and 
low bytes of the count values). It is the only timer 
which can service the PCA. The clock input can be 
selected from the following four modes: 
- oscillator frequency 
-i- 12 (Mode 0) 
- oscillator frequency .;- 4 (Mode I) 


- Timer 0 overflows (Mode 2) 
- external input on P1.2 (Mode 3) 


- 
16 BITS EACH -- 


I 
MODULE D 
- 
"I 
••• 
Pl.3 


.1 
MODULE 1 
- 
"I 
"•• 
Pl.4 


--168IT5-- 
I PCA TIMER/COUNTER 
- 
-I 
MODULE 2 
"•• 
P1.S 


.1 
MODULE 3 
- 
"I 
_•• 
Pl.6 
- 
MODULE 4 
••• 
P1.7 
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Figure 1. PCA Timer/Counter 
and Compare/Capture 
Modules 
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The table below summarizes the various clock inputs for each mode at two common frequencies. In Mode 0, the 
clock input is simply a machine cycle count, whereas in Mode I the input is clocked three times faster. In Mode 2, 
Timer 0 overflows are counted allowing for a range of slower inputs to the timer. And finally, if the input is external 
the PCA timer counts l-to-O transitions with the maximum clock frequency equal to Y. x oscillator frequency. 


Table 
1. PCA Timer/Counter 
Inputs 


PCA Timer/Counter 
Mode 
Clock Increments 


12MHz 
16 MHz 


Mode 0: fosc / 12 
t usec 
0.75/-Lsec 


Mode 1: fosc /4 
330 nsec 
250 nsec 


Mode 2*: Timer 0 Overflows 
Timer 0 programmed 
in: 
a-bit mode 
256/-Lsec 
192/-Lsec 
16-bit mdoe 
65 msec 
49 msec 
a-bit auto-reload 
1 to 255 /-Lsec 
0.75 to 191 /-Lsec 


Mode 3: External Input MAX 
0.66/-Lsec 
0.50/-Lsec 
*InMode2, the overflowinterruptfor Timer0 does not need to be enabled. 
• 
Special Function Register CMOD contains the Count Pulse Select bits (CPSI and CPSO) to specify the PCA timer 
input. This register also contains the ECF bit which enables an interrupt when the counter overflows. In addition, 
the user has the option of turning ofTthe PCA timer during Idle Mode by setting the Counter Idle bit (CIDL). This 
can further reduce power consumption by an additional 30%. 


CMOD: Counter Mode Register 
I 
CIDL 
I 
WDTE 
,--- 
---- 
CPS1 
CPSO 
ECF 


Address 
= OD9H 
Not Bit Addressable 


NOTE: 
The user should writeOsto unimplementedbits. These bits may be used in future MCS-51products to invoke new features, 
and in that case the inactivevalue of the new bitwillbe O.When read, these bits must be treated as don't-cares. 


Reset Value = OOXXXOOOB 


Table 2 lists the values for CMOD in the four possible timer modes with and without the overflow interrupt enabled. 
This list assumes that the PCA will be left running during Idle Mode. 


Table 2. CMOD Values 


PCA Count Pulse Selected 
CMODvalue 


without 
Interrupt 
enabled 
with Interrupt 
enabled 


Internal clock, Fosc/12 
00 H 
01 H 


Internal clock, Fosc/ 4 
02 H 
03 H 


Timer 0 overflow 
04H 
05 H 


External clock at P1.2 
06H 
07 H 
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The CCON register shown below contains the Counter Run bit (CR) which turns the timer on or otT.When the PCA 
timer overflows, the Counter Overflow bit (CF) gets set. CCON also contains the five event flags for the PCA 
modules. The purpose of these flags will be discussed in the next section. 


CCON: Counter 
Control 
Register 
1 
CF 
1 
CR 
1-=----- __C_C_F_4 
C_C_F_3 
C_C_F2_--,-_C_C_F_1 
C_C_FO 
__ 


Address 
= OD8H 


Bit Addressable 
Reset Value 
= OOXOOOOOB 


The PCA timer-registers (CH and CL) can be read and written to at any time. However, to read the full 16-bit timer 
value simultaneously requires using one of the PCA modules in the capture mode and toggling a port pin in software. 
More information on reading the PCA timer is provided in the section on the Capture Mode. 


COMPARE/CAPTURE 
MODULES 


Each of the five compare/capture 
modules has a mode register called CCAPMn (n = 0,1,2,3,or 4) to select which 
function it will perform. Note the ECCFn bit which enables an interrupt to occur when a module's event flag is set. 


CCAPMn: 
Compare/Capture 
Mode Register 


1 
I 
ECOMn 
1 
CAPPn 
I-C-A-p-N-n--'---M-A-T-n- 
__ T_O_G_n_--,-_PW_M_n 
__ 
E_C_C_F_n_ 


Address 
= ODAH (n = 0) 
ODBH (n=1) 
ODCH (n=2) 
ODDH (n=3) 
ODEH (n=4) 


Reset Value 
= XOOOOOOOB 


Table 3 lists the CCAPMn values for each ditTerent mode with and without the PCA interrupt enabled; that is, the 
interrupt is optional for all modes. However, some of the PCA modes require software servicing. For example, the 
Capture modes need an interrupt so that back-to-back events can be recognized. Also, in most applications the 
purpose of the Software Timer mode is to generate interrupts in software so it would be useless not to have the 
interrupt 
enabled. The PWM mode, on the other hand, does not require CPU intervention so the interrupt is 
normally not enabled. 


Table 3. Compare/Capture 
Mode Values 


Module 
Function 
CCAPMn 
Value 


without 
interrupt 
enabled 
with interrupt 
enabled 


Capture 
Positive only 
20H 
21 H 


Capture 
Negative 
only 
10H 
11 H 


Capture 
Pos. or Neg. 
30H 
31 H 


Software 
Timer 
48H 
49 H 


High Speed Output 
4CH 
4DH 


Watchdog 
Timer 
48 or4C 
H 
- 


Pulse Width Modulator 
42 H 
43H 
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It should be mentioned that a particular module can change modes within the program. For example, a module 
might be used to sample incoming data. Initially it could be set up to capture a falling edge transition. Then the same 
module can be reconfigured as a software timer to interrupt the CPU at regular intervals and sample the pin. 


Each module also has a pair of 8-bit compare/capture 
registers (CCAPnH, 
CCAPnL) associated with it. These 
registers are used to store the time when a capture event occurred or when a compare event should occur. Remem- 
ber, event times are based on the free-running PCA timer (CH and CL). For the PWM mode, the high byte register 
CCAPnH controls the duty cycle of the waveform. 


When an event occurs, a flag in CCON is set for the appropriate module. This register is bit addressable so that event 
flags can be checked individually. 


CCON: Counter Control Register 
I 
CF 
I 
CR 
,=-------,r---C-C-F-4- 
__ C_C_F3_-'-_C_C_F_2 
C_C_F_1 
C_C_F_O_ 


Address = OD8H 
Bit Addressable 
Reset Value = OOXOOOOOB 


These five event flags plus the PCA timer overflow flag share an interrupt vector as shown below. These flags are not 
cleared when the hardware vectors to the PCA interrupt address (OO33H)so that the user can determine which event 
caused the interrupt. This also allows the user to define the priority of servicing each module. 


Cf~ 
CCfn 
~ 
PCA INTERRUPT 


5 
270609-2 


Figure 2. PCA Interrupt 


An additional bit was added to the Interrupt Enable (lE) register for the PCA interrupt. Similarly, a high priority bit 
was added to the Interrupt Priority (IP) register. 


lE: Interrupt Enable Register 
I 
EA 
I 
EC 
1--ET-2----r--E-S-- 
__ 
E_T_1 
E_X_1 
ET_O_--,-__ 
E_X_O_-, 


Reset Value = 0000 OOOOB 
Address 
= OA8H 
Bit Addressable 


IP: Interrupt Priority Register 
I 
'PPC 
,--P-T-2-- 
P_S 
P_T_1 
P_X_1 
P_T_O 
P_X_O_-, 


Address = OB8H 
Reset Value = XOOOOOOOB 
Bit Addressable 


Remember, each of the six possible sources for the PCA interrupt must be individually enabled as well-in 
the 
CCAPMn register for the modules and in the CCON register for the timer. 
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CAPTURE 
MODE 
Measuring 
Pulse Widths 


Both positive and negative transitions can trigger a cap- 
ture with the PCA. This allows the PCA flexibility to 
measure periods, pulse widths, duty cycles, and phase 
differences on up to five separate inputs. This section 
gives examples of all these different applications. 


Figure 3 shows how the PCA handles a capture event. 
Using Module 0 for this example, the signal is input to 
P1.3. When a transition is detected on that pin, the 16- 
bit value of the PCA timer (CH,CL) is loaded into the 
capture 
registers 
(CCAPOH,CCAPOL). 
Module 
O's 


event flag is set and an interrupt is flagged. The inter- 
rupt will then be generated if it has been properly en- 
abled. 


In the interrupt service routine, the 16-bit capture value 
must be saved in RAM before the next event capture 
occurs; a subsequent capture will write over the first 
capture value. Also, since the hardware does not clear 
the event flag, it must be cleared in software. 


The time it takes to service this interrupt routine deter- 
mines the resolution of back-to-back events with the 
same PCA module. To store two 8-bit registers and 
clear the event flag takes at least 9 machine cycles. That 
includes the call to the interrupt routine. At 12 MHz, 
this routine would take less than 
10 microseconds. 


However, depending on the frequency and interrupt la- 
tency, the resolution will vary with each application. 


To measure the pulse width of a signal, the PCA mod- 
ule must capture both rising and falling edges (see Fig- 
ure 4). The module can be programmed to capture ei- 
ther edge if it is known which edge will occur first. 
However, if this is not known, the user can select which 
edge will trigger the first capture by choosing the prop- 
er mode for the module. 


Listing I shows an example of measuring pulse widths. 
(It's assumed the incoming signal matches the one in 
Figure 4.) In the interrupt routine the first set of cap- 
ture values are stored in .RAM. After the second cap- 
ture, a subtraction routine calculates the pulse width in 
units of PCA timer ticks. Note that the subtraction 
does not have to be completed in the interrupt service 
routine. Also, this example assumes that the two cap- 
ture events will occur within 216 counts of the PCA 
timer, i.e. rollovers of the PCA timer are not counted. 


~ 
t 
. t 


CAPTURE 
1 
CAPTURE 
2 
270609-4 
Time 
(Capture 
2) - 
Time (Capture 
1) = Pulse Width 


Figure 4. Measuring 
Pulse Width 


INTERRUPT 
SERVICE 
ROUTINE 


PCA TIMER 


MODULE 
0 


PCA 
INTERRUPT 


EXIT 
270609-3 


Figure 3. PCA Capture 
Mode (Module 
0) 
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CAPTURE 
PULSE_WIDTH 
FLAG 


store capture 
DATA 
DATA 
BIT 
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Listing 1. Measuring 
Pulse Widths 


Initialize Module 0 in capture mode 
MOV CCAPMO, #21H 
Capture positive 
edge first 
for measuring 
pulse width 


...................•.................•......•................................... 
Main program goes here 
...........•..............................................................•..... 


This example assumes Module 0 is the only PCA module 
being used. If other modules are used, software must 
check which module's 
event caused the interrupt. 


, 
ORG OOOOH 
JMP PCA_INIT 
ORG 0033H 
JMP PCA_INTERRUPT 
, 
PCA_INIT: 
MOV CMOD, #OOH 
MOV CH, #OOH 
MOV CL, #OOH 


SETB EC 
SETB EA 
SETB CR 
CLR FLAG 


, 
PCA_INTERRUPT: 
CLR CCFO 
JB FLAG, SECOND_CAPTURE 


FIRST_CAPTURE: 
MOV CAPTURE, 
CCAPOL 
MOV CAPTURE+l, 
CCAPOH 
MOV CCAPMO, #llH 


SETB FLAG 
RETI 
; 
SECOND_CAPTURE: 
PUSH ACC 
PUSH PSW 
CLR C 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PULSE_WIDTH, 
A 
MOV A, CCAPOH 
SUBB A, CAPTURE+l 
MOV PULSE_WIDTH+l, 
A 
; 
MOV CCAPMO, #21H 
CLR FLAG 
POP 
PSW 
POP ACC 
RETI 


values 
30H 
32H 
20H.0 
• 


Initialize PCA timer 
Input to timer = 1/12 X Fosc 


Enable PCA interrupt 


Turn PCA timer on 
clear test flag 


Clear Module O's event flag 
Check if this is the first 
capture or second 


Save 16-bit capture value 
in RAM 
Change module to now capture 
falling edges 
Signify 1st capture complete 


16-bit subtract 


16-bit result stored in 
two 8-bit RAM locations 


Optional--needed 
if user wants to 
measure next pulse width 
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Measuring 
Periods 
Measuring 
Frequencies 


Measuring the period of a signal with the peA is simi- 
lar to measuring the pulse width. The only difference 
will be the trigger source for the capture mode. In Fig- 
ure 5, rising edges are captured to calculate the period. 
The code is identical to Listing I except that the cap- 
ture mode should not be changed in the interrupt rou- 
tine. The result of the subtraction will be the period. 


~ 
1--------+1 
t 
t 
CAPTURE 1 
CAPTURE 2 
270609-5 
Time (Capture 
2) - 
Time (Capture 
1) = Period 


Figure 5. Measuring 
Period 


Measuring a frequency with the peA capture mode 
involves calculating a sample time for a known number 
of samples. In Figure 6, the time between the first cap- 
ture and the "Nth" capture equals the sample time T. 
Listing 2 shows the code for N = 10 samples. It's as- 
sumed that the sample time is less than 216 counts of 
the peA timer. 


~---------- 
t 
CAPTURE 1 


T 
----------~ 
t 
CAPTURE N 
270609-6 


Time (Capture 
N) - 
Time (Capture 
1) = T 
N 
# of Samples 
Frequency 
= - = -::---:-:::::-- 
T 
Sample 
Time 


Figure 6. Measuring 
Frequency 
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Listing 2. Measuring 
Frequencies 


RAM locations 
CAPTURE 
PERIOD 
SAMPLE_COUNT 
FLAG 


to store 
DATA 
DATA 
DATA 
BIT 


capture values 
30H 
32H 
34H 
20H.0 


ORG OOOOH 
JMP PCA_INIT 
ORG 0033H 
JMP PCA_INTERRUPT 


PCA_INIT: 
Initialization 
of PCA timer, Module 
0, and interrupt 
is the 
same as in Listing 
1. Also need to initialize 
the sample 
count. 


MOV SAMPLE_COUNT, 
#lOD 
; N = 10 for this example 
,....................................•.•.........................•............. 
, 
; 
Main program 
goes here 
.............................................................................. 
, 


This code assumes 
only Module 
0 is being used. 
PCA_INTERRUPT: 
CLR CCFO 
; Clear module 
O's event flag 
JB FLAG, NEXT_CAPTURE 


FIRST_CAPTURE: 
MOV CAPTURE, 
CCAPOL 
MOV CAPTURE+l, 
CCAPOH 
SETB FLAG 
RETI 
Signify 
first capture 
complete 


NEXT_CAPTURE: 
DJNZ SAMPLE_COUNT, 
EXIT 
PUSH ACC 
PUSH PSW 
CLR C 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PERIOD, 
A 
MOV A, CCAPOH 
SUBB A, CAPTURE+l 
MOV PERIOD+l, 
A 


MOV SAMPLE_COUNT, 
#lOD 
CLR FLAG 
POP PSW 
POP ACC 
EXIT: 
RETI 


IS-bit subtraction 


Reload 
for next period 
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The user may instead want to measure frequency by 
counting pulses for a known sample time. In this case, 
one module is programmed 
in the capture mode to 
count edges (either rising or falling), and a second mod- 
ule is programmed as a software timer to mark the 
sample time. An example of a software timer is given 
later. For information on resolution in measuring fre- 
quencies, refer to Article Reprint AR-517, "Using the 
8051 Microcontroller with Resonant Transducers," 
in 
the Embedded Controller Handbook. 


Measuring 
Duty Cycles 


To measure the duty cycle of an incoming signal, both 
rising and falling edges need to be captured. Then the 
duty cycle must be calculated based on three capture 
values as seen in Figure 7. The same initialization rou- 
tine is used from the previous example. Only the PCA 
interrupt service routine is given in Listing 3. 


270609-7 


= 
T::-im..:.e,--,-:(c:-:a",p..:.tu_r_e-::2.:..) 
_-,...T=i,...m_e....:(,:::c,...a!...pt,...u_re-..,.:.1) 
pulse 
width 
d 
I 
= 
= 
utycyce 
Time 
(Capture 
3) - 
Time 
(Capture 
1) 
period 


t 
t 
t 
CAPTURE 
1 
CAPTURE 
2 
CAPTURE 
3 


Figure 7. Measuring 
Duty Cycle 


listing 
3. Measuring 
Duty Cycle 


RAM locations 
to 
CAPTURE 
PULSE_WIDTH 
PERIOD 
FLAG_l 
FLAG_2 


store capture 
DATA 
DATA 
DATA 
BIT 
BIT 


values 
30H 
32H 
34H 
20H.O 
20H.l 


ORG OOOOH 
JMP PCA_INIT 
ORG 0033H 
JMP PCA_INTERRUPT 


PCA_INIT: 
Initialization 
for PCA timer, module, and interrupt the same 
as in Listing 
1. Capture positive 
edge first, then either 
edge. 
,........................•........•....................................... 
, 
; 
Main program goes here 
......................................................................... 
, 


; This code assumes only Module 0 is being used. 
PCA_INTERRUPT: 
CLR CCFO 
Clear Module O's event flag 
JB FLAG_l, 
SECOND_CAPTURE 


FIRST_CAPTURE: 
MOV- CAPTURE, 
CCAPOL 
MOV CAPTURE+l, 
CCAPOH 
SETB FLAG_l 
MOV CCAPMO, #31H 
RETI 


Signify first capture complete 
Capture either edge now 
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Listing 3. Measuring 
Duty Cycle (Continued) 


SECOND_CAPTURE: 
PUSH ACC 
PUSH PSW 
JB FLAG_2, 
THIRD_CAPTURE 
CLR C 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PULSE_WIDTH, 
A 
MOV A, CCAPOH 
SUBB A, CAPTURE+l 
MOV PULSE_WIDTH+l, 
A 
SETB FLAG_2 
POP PSW 
POP ACC 
RETI 


THIRD_CAPTURE: 
CLR C 
MOV A, CCAPOL 
SUBB A, CAPT-URE 
MOV PERIOD, 
A 
MOV A, CCAPOH 
SUBB A, CAPTURE+l 
MOV PERIOD+l, 
A 
MOV CCAPMO, #2lH 
CLR FLAG_l 
CLR FLAG_2 
POP PSW 
POP ACC 
RETI 


Calculate 
pulse width 
l6-bit 
subtract 


Signify 
second 
capture 
complete 


Calculate 
period 
l6-bit 
subtract 


Optional 
- reconfigure 
module 
to 
capture positive 
edges for next 
cycle 


After the third capture, a 16-bit by le-bit divide routine 
needs to be executed. This routine is located in Appen- 
dix B. Due to its length, it's up to the user whether the 
divide routine should be completed in the interrupt rou- 
tine or be called as a subroutine from the main pro- 
gram. 


Measuring 
Phase Differences 


between two or more signals. For this example, two 
signals are input to Modules 0 and I as seen in Figure 
8. Both modules are programmed to capture rising edg- 
es only. Listing 4 shows the code needed to measure the 
difference between these two signals. This code does 
not assume one signal is leading or lagging the other. 


Because the peA 
modules share the same time base, 


the peA 
is useful for measuring the phase difference 


""""" 
~ 
CAPTURE 1 
u 
L 


MODULE 1 
270609-8 
ASS [Time (Capture 
2) - 
Time (Capture 
1)] = Phase Difference 


Figure 8. Measuring 
Phase Differences 
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Listing 4. Measuring 
Phase Differences 


RAM locations 
to 
CAPTURE_O 
CAPTURE_l 
PHASE 
FLAG_O 
FLAG_l 


store capture 
DATA 
DATA 
DATA 
BIT 
BIT 


values 
30H 
32H 
34H 
20H.0 
20H.l 


PCA_INIT: 
Same initialization 
for PCA timer, and interrupt 
as 
in Listing 
1. Initialize 
two PCA modules 
as follows: 


ORG OOOOH 
JMP PCA-INIT 
ORG 0033H 
JMP PCA_INTERRUPT 


MOV CCAPMO, #21H 
MOV CCAPMl, #21H 
Module 0 capture rising edges 
Module 
1 same 
,....................................................................................... 
, 
; 
Main program 
goes here 
....................................................................................... 
, 
; This code assumes 
only 
PCA_INTERRUPT: 
JB CCFO, MODULE_O 
JB CCFl, MODULE_l 


Modules 
0 and 1 are being used. 


MODULE_O: 
CLR CCFO 
MOV CAPTURE_O, 
CCAPOL 
MOV CAPTURE_O+l, 
CCAPOH 
JB FLAG_I, 
CALCULATE_PHASE 


SETB FLAG_O 
RETI 


Determine 
which module's 
event caused the interrupt 


Clear Module 
O's event flag 
Save 16-bit capture value 


If capture 
complete 
on 
Module 
1, go to calculation 
Signify 
capture 
on Module 
0 
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Listing 4. Measuring 
Phase Differences 
(Continued) 


MODULE_l: 
CLR CCF_l 
MOV CAPTURE_l, 
CCAPIL 
MOV CAPTURE_l+l, 
CCAPIH 
JB FLAG_O," CALCULATE_PHASE 


SETB FLAG_l 
RETI 


CALCULATE_PHASE: 
PUSH ACC 
PUSH PSW 
CLR C 


JB FLAG_O, 
MODO_LEADING 
JB FLAG_l, 
MOD1_LEADING 


MODO_LEADING: 
MOV A, CAPTURE_l 
SUBB A, CAPTURE_O 
MOV PHASE, A 
MOV A, CAPTURE_l+l 
SUBB A, CAPTURE_O+l 
MOV PHASE+l, 
A 
CLR FLAG_O 
JMP EXIT 


MODLLEADING: 
MOV A, CAPTURE_O 
SUBB A, CAPTURE_l 
MOV PHASE, A 
MOV A, CAPTURE_O+l 
SUBB A", CAPTURE_l+l 
MOV PHASE+l, 
A 
CLR FLAG_l 
EXIT: 
POP PSW 
POP ACC 
RETI 


Clear Module 
l's event 
flag 


• 


If capture 
complete 
on 
Module 
0, go to calculation 
Signify 
capture 
on Module 
1 


This calculation 
does not 
have to be completed 
in the 
interrupt 
service 
routine 
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Reading 
the PCA Timer 
SOFTWARE 
TIMER 


Some applications may require that the PCA timer be 
read instantaneously as a real-time event. Since the tim- 
er consists of two 8-bit registers (CH,CL), it would nor- 
mally take two MOV instructions to read the whole 
timer. An invalid read could occur if the registers rolled 
over in the middle of the two MOVs. 


However, with the capture mode a 16-bit timer value 
can be loaded into the capture registers by toggling a 
port pin. For example, configure Module 0 to capture 
falling edges and initialize P1.3 to be high. Then when 
the user wants to read the PCA timer, clear P1.3 and 
the full 16-bit timer value will be saved in the capture 
registers. It's still optional whether the user wants to 
generate an interrupt with the capture. 


COMPARE 
MODE 


In this mode, the 16-bit value of the PCA timer is com- 
pared with a 16-bit value pre-loaded in the module's 
compare registers. The comparison occurs three times 
per machine cycle in order to recognize the fastest pos- 
sible clock input, i.e. '/. x oscillator frequency. When 
there is a match, one of three events can happen: 
(1) an interrupt 
- 
Software Timer mode 
(2) toggle of a port pin - 
High Speed Output mode 
(3) a reset 
- 
Watchdog Timer mode. 


Examples of each compare mode will follow. 


In most applications a software timer is used to trigger 
interrupt routines which must occur at periodic inter- 
vals. Figure 9 shows the sequence of events for the Soft- 
ware Timer mode. The user preloads a 16-bit value in a 
module's compare registers. When a match occurs be- 
tween this compare value and the PCA timer, an event 
flag is set and an interrupt is flagged. An interrupt is 
then generated if it has been enabled. 


If necessary, a new 16-bit compare value can be loaded 
into (CCAPOH, CCAPOL) during the interrupt 
rou- 
tine. The user should be aware that the hardware 
tempo- 
rarily disables the comparator 
function 
while these regis- 
ters are being updated 
so that an invalid 
match 
will not 
occur. That is, a write to the low byte (CCAPnO) dis- 
ables the comparator 
while a write to the high byte 
(CCAPOH) re-enables the comparator. For this reason, 
user 
software 
must 
write 
to 
CCAPOL first, 
then 
CCAPOH. The user may also want to hold off any in- 
terrupts from occurring while these registers are being 
updated. This can easily be done by clearing the EA bit. 
See the code example in Listing 5. 


PCA 
TIIoIER 
IoIODULE 
0 
IoIATCH 


~ 


INTERRUPT 
SERVICE 
ROUTINE 


PCA 
INTERRUPT 
(OPTIONAL) 


EXIT 
270609-9 


Figure 9. Software 
Timer Mode (Module 
0) 
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Listing 5. Software 
Timer 


as in Listing 
1 
Module 
0 in Software 
Timer mode 
; Write 
to low byte first 
• 


Generate 
an interrupt 
in software 
every 20 msec 


Frequency 
PCA clock input = 12 MHz 
= 1/12 x Fosc 
-+ 
1 /-Lsec 


Calculate 
reload value 
for compare 
registers: 
20 msec 
-------------= 20.000 
counts 
1 /-Lsec/count 


Enable PCA interr~pt 


Turn on PCA timer 


Clear Module 
O's event flag 


Hold off interrupts 
l6-Bit Add 
Next match will o~cur 
20,000 
counts later 


- 


...............•...•..•.......................•............................ 
Main program 
goes here 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


ORG OOOOH 
JMP PCA_INIT 
ORG 0033H 
JMP PCA_INTERRUPT 


PCA_INIT : 
Initialize 
PCA time~ 
same 
MOV CCAPMO, #49H 
MOV CCAPOL, #LOW(20000) 
MOV CCAPOH, #HIGH(20000) 


SETB EC 
SETB EA 
SETB CR 


PCA_INTERRUPT: 
CLR CCFO 
PUSH ACC 
PUSH PSW 
CLR EA 
MOV A, #LOW(20000) 
ADD A, CCAPOL 
MOV CCAPOL, A 
MOV A, #HIGH(20000) 
ADDC A. CCAPOH 
MOV CCAPOH, A 
SETB EA 


Continue 
with routine 


POP PSW 
POP ACC 
RETI 
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HIGH SPEED OUTPUT 


The High Speed Output (HSO) mode toggles a port pin when a match occurs between the PCA timer and the pre- 
loaded value in the compare registers (see Figure 10). The HSO mode is more accurate than toggling pins in software 
because the toggle occurs before branching to an interrupt, i.e. interrupt latency will not effect the accuracy of the 
output. In fact, the interrupt is optional. Only if the user wants to change the time for the next toggle is it necessary 
to update the compare registers. Otherwise, the next toggle will occur when the PCA timer rolls over and matches 
the last compare value. Examples of both are shown. 


PCA TIMER 
MATCH 
MODULE 0 


TOGGLE P1.3 


PCA INTERRUPT 
(OPTIONAL) 


INTERRUPT 
SERVICE 
ROUTINE 


EXIT 
270609-10 


Figure 10. High Speed Output 
Mode (Module 
0) 


Without any CPU intervention, the fastest waveform the PCA can generate with the HSO mode is a 30.5 Hz signal 
at 16 MHz. Refer to Listing 6. By changing the PCA clock input, slower waveforms can also be generated. 


listing 
6. High Speed Output (Without 
Interrupt) 


Maximum 
output with HSO mode without 
interrupts = 30.5 Hz signal 
Frequency 
= 16 MHz 
PCA clock input = 1/4 x Fosc 
- 
250 nsec 


MOV CMOD, #02H 
MOV CL, #OOH 
MOV CH, #OOH 
MOV CCAPMO, #4CH 
MOV CCAPOL, #OFFH 
MOV CCAPOH, #OFFH 


HSO mode without 
interrupt 
enabled 
Write 
to low byte first 
Pl.3 will toggle 
every 216 counts 
or 16.4 msec 
Period = 30.5 Hz 
Turn on PCA timer 
SETB CR 
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JMP PCLINIT 
ORG 0033H 
JMP PCA_INTERRUPT 


PCA_INIT: 
MOV CMOD, #02H 
MOV CL, #OOH 
MOV CH, #OOH 
MOV CCAPMO, #4DH 
MOV CCAPOL, #LOW(lOOO) 
MOV CCAPOH, #HIGH(lOOO) 
CLR P1.3 


Clock input = 250 nsec 
at IS MHz 


Module 0 in HSO mode with 
PCA interrupt enabled 
t = 1000 
(arbitrary) 


Enable PCA interrupt 
SETB EC 
SETB EA 
SETB CR 
Turn on PCA timer 


......................................................................... 


Main program 
goes here 
......................................................................... 


This code assumes only Module 0 is being used. 


PCLINTERRUPT: 
CLR CCFO 
PUSH ACC 
PUSH PSW 
CLR EA 
MOV A, #LOW(2000) 
ADD A, CCAPOL 
MOV CCAPOL, A 
MOV A, #HIGH(2000) 
ADDC A, CCAPOH 
MOV CCAPOH, A 
SETB EA 
POP PSW 
POP ACC 
RETI 
. 


; Clear Module O's event flag 


Hold off interrupts 
IS-bit add 
2000 counts later, Pl.3 
will toggle 
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Another option with the HSO mode is to generate a single pulse. Listing 8 shows the code for an output with a pulse 
width of 20 JLsec.As in the previous example, the PCA interrupt will be used to change the time for the toggle. The 
first toggle will occur at time "t", After 80 counts of the PCA timer, 20 JLsecwill have expired, and the next toggle 
will occur. Then the HSO mode will be disabled. 


LIsting 8. High Speed Output (Single Pulse) 
t- 20 .usec --j 


~ 
t 
t 
t 
t + 80 counts 


20 .usec 
= 80 counts 
250 nsec/count 
270609-12 
ORG 
OOOOH 


JI/P PCA_INIT 


ORG 
0033H 


JMP 
PCA_INTERRUPT 


PCA_INIT 
: 


MOY 
CMOD. 
#02H 


MOY 
CL. 
#OOH 


MOY 
CH. 
#OOH 


MOY 
CCAPMO. 
#4DH 


MOY 
CCAPOL. 
#LOW(lOOO) 


MOY 
CCAPOH. 
#HIGH(lOOO) 
CLR 
Plo3 


Clock 
input 
at 
16 MHz 
250 
nsec 


Module 
0 
in HSO 
mode 
with 


PCA 
interrupt 
enabled 


t = 1000 
(arbitrary) 


SETB 
EC 
SETB 
EA 


SETB 
CR 


Enable 
PCA 
interrupt 


Turn 
on PCA 
timer 
................................................................................ 


Maln 
program 
goes 
here 


This 
code 
assumes 
PCA_INTERRUPT: 


CLR 
CCFO 


JNB 
Plo 3. 
DONE 


only 
Module 
0 
is being 
used. 


: Clear Module 0 t S event 
flag 


PUSH 
ACC 


PUSH 
PSW 


CLR 
EA 


MOY 
A. 
#LOW(BO) 


ADD 
A. 
CCAPOL 


MOY 
CCAPOL. 
A 


MOY 
A. 
#HIGH(BO) 


ADDC 
A. 
CCAPOH 


MOY 
CCAPOH. 
A 


SETB 
EA 


POP 
PSW 


POP 
ACC 


RET! 


Hold 
ott 
interrupts 


l6-bit 
add 
80 
counts 
later, 
Pl.3 
will 
toggle 


DONE: 


MOY 
CCAPMO. 
#OOH 
HEn 
Disable 
HSO 
mode 
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An on-board watchdog timer is available with the PCA 
to improve the reliability of the system without increas- 
ing chip count. Watchdog timers are useful for systems 


/ which are susceptible to noise, power glitches, or elec- 
trostatic discharge. Module 4 is the only PCA module 
which can be programmed as a watchdog. However, 
this module can still be used for other modes if the 
watchdog is not needed. 


Figure I1 shows a diagram of how the watchdog works. 
The user pre-loads a lS-bit value in the compare regis- 
ters. Just like the other compare modes, this 16-bit val- 
ue is compared to the PCA timer value. If a match is 
allowed to occur, an internal reset will be generated. 
This will not cause the RST pin to be driven high. 


In order to hold off the reset, the user has three options: 
(1) periodically change the compare value so it will 
never match the PCA timer, 


(2) periodically change the PCA timer value so it will 
never match the compare value, or 
(3) disable the watchdog by clearing the WDTE bit be- 
fore a match occurs and then re-enable it. 


The first two options are more reliable because the 
watchdog timer is never disabled as in option 113. If the 
program counter ever goes astray, a match will eventu- 
ally occur and cause an internal reset. The second op- 
tion is also not recommended if other PCA modules are 
being used. Remember, the PCA timer is the time base 
for all modules; changing the time base for other mod- 
ules would not be a good idea. Thus, in most applica- 
tions the first solution is the best option. 


Listing 9 shows the code for initializing the watchdog 
timer. Module 4 can be configured in either compare 
mode, and the WDTE bit in CMOD must also be set. 
The user's software then must periodically 
change 


(CCAP4H,CCAP4L) 
to keep a match from occurring 
with the PCA timer (CH,CL). This code is given in the 
WATCHDOG routine. 


This routine should not be part of an interrupt service 
routine. Why? Because if the program counter goes as- 
tray and gets stuck in an infinite loop, interrupts will 
still be serviced and the watchdog will keep getting re- 
set. Thus, the purpose of the watchdog would be defeat- 
ed. Instead call this subroutine from the main program 
within 216 count of the PCA timer. 


~ATCH 
V 


PCA TI~ER 
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~ODULE 
<4 


RESET 


Figure 11. Watchdog 
Timer Mode (Module 
4) 
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listing 
9. Watchdog 
Timer 


INIT_WATCHDOG: 
MOV CCAPM4, #4CH 
MOV CCAP4L, #OFFH 
MOV CCAP4H, #OFFH 


Module 
4 in compare mode 
Write 
to low byte first 
Before PCA timer 
counts up to 
FFFF Hex, these 
compare values 
must be changed 
Set the WDTE bit to enable the 
watchdog 
timer without 
changing 
the other bits in CMOD 


ORL CMOD, #40H 


,..............................................................................•.. 
, 


; Main program 
goes here, but CALL WATCHDOG 
periodically. 
,................................................................................. 
, 


WATCHDOG: 
CLR EA 
MOV CCAP4L, #00 
MOV CCAP4H, 
CH 
SETB EA 
RET 


Hold off interrupts 
Next compare value 
is within 
255 counts of the current PCA 
timer value 


PULSE WIDTH 
MODULATOR 
the next period of the output: that is, when CL rolls 
over from 255 to 00. This mechanism provides "glitch- 
free" writes to CCAPnH when the duty cycle of the 
output is changed. 


The PCA can generate 8-bit PWMs by comparing the 
low byte of the PCA timer (CL) with the low byte of 
the 
compare 
registers 
(CCAPnL). 
When 
CL 
< 
CCAPnL 
the 
output 
is 
low. 
When 
CL :;::CCAPnL the output is high. 


CCAPnH can contain any integer from 0 to 255, but 
Figure 13 shows a few common duty cycles and the 
corresponding values for CCAPnH. Note that a 0% 
duty cycle can be obtained by writing to the port pin 
directly with the CLR bit instruction. To calculate the 
CCAPnH value for a given duty cycle, use the follow- 
ing equation: 


To control the duty cycle of the output, the user actual- 
ly loads a value into the high byte CCAPnH (seeFigure 
12).Sincea write to this register is asynchronous, a new 
value is not shifted into CCAPnL for comparison until 


CCAPnH 
= 256 (1 • Duty Cycle) 


where CCAPnH is an 8-bit integer and Duty Cycle is 
expressed as a fraction. 


PWt.4 OUTPUT 


A..----- 
CL ROLLS OVER 
(255 
TO 00) 


CCAPOH 
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Figure 12. PWM Mode (Module 
0) 
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DUTY CYCLE 
CCAPnH 
OUTPUT 
WAVEFORM 


100% 
00 


90% 
25 


50% 
128 


10% 
230 


0.4% 
255 
• 


0% 
CLR 
P1.X 


270609-15 


PCA Timer Mode 
PWM Frequency 


12MHz 
16MHz 


1/12 Osc. Frequency 
3.9 KHz 
5.2 KHz 


% Osc. Frequency 
11.8KHz 
15.6 KHz 


Timer 0 Overflow: 
8·bit 
15.5 Hz 
20.3 Hz 
16·bit 
0.06 Hz 
0.08 Hz 
a-bit Auto-Beload 
3.9 KHz to 15.3 Hz 
5.2 KHz to 20.3 Hz 


External 
Input (Max) 
5.9 KHz 
7.8 KHz 


Figure 13. CCAPnH 
Varies Duty Cycle 


Table 4. PWM Frequencies. 
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Listing 10. PWM 


Clock 
input = 250 nsec at 16 MHz 
Frequency 
of output = 15.6 KHz 


Module 
0 in PWM mode 


INIT-PWM: 
MOV CMOD, #02H 
MOV CL, #OOH 
MOV CH, #OOH 
MOV CCAPMO, 
#42H 
MOV CCAPOL, 
#OOH 
MOV CCAPOH, 
#128D 


SETB 
CR 


50 percent 
duty cycle 


Turn on PCA timer 


The frequency 
of the PWM output 
will depend on 
which of the four inputs is chosen for the PCA timer. 
The maximum frequency is 15.6 KHz at 16 MHz. Re- 
fer to Table 4 for a summary of the different PWM 
frequencies possible with the PCA. 


Listing \0 shows how to initialize Module 0 for a PWM 
signal at 50% duty cycle. Notice that no PCA interrupt 
is needed to generate the PWM (i.e no software over- 
head!). To create a PWM output on the 8051 requires a 
hardware timer plus software overhead to toggle the 
port pin. The advantage of the PCA is obvious, not to 
mention it can support up to 5 PWM outputs with just 
one chip. 


CONCLUSION 


This list of examples with the PCA is by no means 
exhaustive. However, the advantages of the PCA can 
easily be seen from the given applications. For example, 
the PCA can provide better resolution than Timers 0, 1 
and 2 because the PCA clock rate can be three times 
faster. The PCA can also perform many tasks that 
these hardware timers can not, i.e. measure phase dif- 
ferences between signals or generate PWMs. In a sense, 
the PCA provides the user with five more timer/coun- 
ters 
in 
addition 
to 
Timers 
0, 
1 and 
2 
on 
the 
8XC51FA/FB. 


Appendix A includes test routines for all the software 
examples in this application note. The divide routine 
for calculating duty cycles is in Appendix B. And final- 
ly, Appendix C is a table of the Special Function Regis- 
ters for the 8XC51FA/FB 
with the new or modified 
registers boldfaced. 
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APPENDIX 
A 
TEST ROUTINES 


Ulllng 
1a • Measyrlng PUlse WIdths 


$nomodS1 
$nosymbols 
$nollll 
$Include (reg2S2.pdll 
$1111 


Variables 
, 
CAPTURE 
PULSE WIDTH 
FLAG - 


DATA 
DATA 
BIT 


30H 
32H 
2OH.0 
• 
ORGOOOOH 
JMP PCA_INIT' 


ORGOO33H 
JMP PCA_INTERRUPT 


Initialize PCA timer 
PCA_INIT: 
MOV CMOD, IOOH 
MOVCH,IOO 
MOVCL,IOO 


Initialize Module 0 In capture mode 
MOV CCAPMO,121H 


MOV CCAPOH,IOO 
MOV CCAPOL, 100 


SETB EC 
SETB EA 
SETBCR 
CLR FLAG 


; Input to PCA timer = 1/12 x Fosc 


; capture positive edge Ilrst on P1.3 


; Enable PCA Interrupt' 


; Turn PCA timer on 
; Clear test Ilag 


WAIT: 
JMP$ 
JMPWAIT 


i •••••••••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


Test program only 


; Wait lor PCA Interrupt 


; 
. 


This code essumes Module 0 Is the only module being use<!. II 
other PCA module's are being use<!, software mull 
check which 
module's 
event Ilag cause<! the Interrupt, 
, 
PCA_INTERRUPT: 
CLRCCFO 
JB FLAG, SECOND_CAPTURE 


FIRST CAPTURE: 
- 
MOV CAPTURE, CCAPOL 
MOV CAPTURE+1, CCAPOH 


; Clear module O's event flag 
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, 
SECOND CAPTURE: 


- 
PUSHACC 
PUSHPSW 
CLRC 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PULSE_WIDTH, A 
MOV A, CCAPOH 
SUBB A, CAPTURE+1 
MOV PULSE_WIDTH+1, A 


MOV CCAPMO,121H 
CLRFLAG 
POPPSW 
POPACC 
RETI 


END 
270609-17 


MOV CCAPMO, '11H 


SETB FLAG 
RETI 


Change module to now capture 
failing edges 
Slgnlly first capture complete 


; 16-bIUubtract 


; Optional If user wants to measure 
; next pulse width 
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ORGOO33H 
JMP PCA_INTERRUPT 


Initialize PCA timer 
PCA_INIT: 
MOV CMOD, IJOOH 
MOV CH, IJOOH 
I MOV CL, IJOO 


Initialize Module 0 In capture mode 
MOV CCAPMO,121H 


MOV CCAPOH,100 
MOV CCAPOl, 100 


SETBEC 
SETBEA 
SETBCR 
ClRFLAG 


; Input to timer = 1/12 x FOlc 


; Capture rising edges on P1.3 


; Enable PCA Interrupt 


Test program only 


,................................................................................................................. 
, 


; Turn PCA timer on 
; Cleartest 
Ilag 


, 
WAIT: 
JMP$ 
JMPWAIT 
i •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


; Wait lor PCA Interrupt 


This code assumes only Module 0 Is being used. I1other modules 
are being used, software must check which module's Ilag caused 
the Interrupt. 


PCA INTERRUPT: 


- 
ClRCCFO 
JB FLAG, SECOND_CAPTURE 
, 
FIRST CAPTURE: 
- 
MOV CAPTURE, CCAPOl 
MOV CAPTURE+1, CCAPOH 


; Clear module O's event Ilag 
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, 
,SECOND CAPTURE: 
- 
PUSHACC 
PUSHPSW 
CLRC 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PERIOD, A 
MOV A, CCAPOH 
SUBB A, CAPTURE+1 
MOV PERIOD+1, A 


CLRFLAG 
POPPSW 
POPACC 
RETI 
, 
END 


SETBFLAG 
RETI 
; SIgnIfy first capture complete 


; 16-BIt subtraction 


270609-19 


2-214 


intel· 
AP-415 


Listing 2· Measuring Frequencies 
, 
$nomod51 
$nosymbols 
$nollst 
$Include (reg252.pdl) 
$lIst 


Variables 


CAPTURE 
PERIOD 
SAMPLE_COUNT 
FLAG 


ORGOOOOH 
JMP PCA_INIT 


DATA 
DATA 
DATA 
BIT 


30H 
32H 
34H 
2OH.0 
• 


, 
ORGOO33H 
JMP PCA_INTERRUPT 


Initialize PCA timer 
PCA_INIT: 
MOV CMOD, .aDH 
MOVCH,tOO 
MOVCL,tOO 


Initialize Module 0 In capture mode 
MOV CCAPMO, ~1 H 


MOV CCAPOH,.aD 
MOV CCAPOL, tOO 


MOV SAMPLE_COUNT, '100 


SETB EC 
SETB EA 
SETBCR 
CLRFLAG 


; Input to PCA timer = 1/12 x Fosc 


; Capture positive edges on P1.3 


; N = 10 for this example 


; Enable PCA Interrupt 


Test program only 


,.................................................................................................................. 


; Turn PCA timer on 
; Test flag 


WAIT: 
JMP$ 
JMPWAIT 
i •••••••••••••••.•••••••••••••••••••••••••••••••••••••.•.••••••••••••••.••••••••••••••••••••••••••••••••••••••• 
,.••• 


; Wait lor PCA Interrupt 


This code assumes only Module 0 Is being used. 
, 
PCA_INTERRUPT: 


CLRCCFO 
JB FLAG, NEXT_CAPTURE 


; Clear module O's event flag 
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FIRST CAPTURE: 
- 
MOY CAPTURE, CCAPOL 
MOY CAPTUFiE+1, CCAPOH 
SETBFLAG 
RETI 
, 
NEXT CAPTURE: 
- 
DJNZ SAMPLE COUNT, EXIT 
PUSHACC 
- 
PUSHPSW 
CLRC 
MOY A, CCAPOL 
SUBB A, CAPTURE 
MOY PERIOD, A 
MOY A, CCAPOH 
SUBB A, CAPTURE+1 
MOY PERIOD+1, A 


MOY SAMPLE_COUNT, '10D 
CLRFLAG 
POPPSW 
POPACC 
RETI 
EXIT: 


END 


; Signify first capture complete 


; 16-BII subtraction 


; Reload for next capture 
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Listing 3 • Measuring puty Cycle 
, 
$nomadS1 
$nosymbols 
$nollst 
$Include (reg252.pclf) 
$lIst 


Variables 


CAPTURE 
PULSE WIDTH 
PERIOD 


DATA 
DATA 
DATA 


30H 
32H 
34H 


BIT 
BIT 
, 
ORGOOOOH 
JMP PeA_INIT 
, 
ORGOO33H 
JMP PeA_INTERRUPT 


Initialize PeA Ilmer 
PCA_INIT: 
MOV CMOD, MOOH 
MOVCH,IOO 
MOV CL, 100 


Initialize Module 0 In capture mode 
MOV CCAPMO,121H 


MOV CCAPOH, MOO 
MOV CCAPOL, MOO 


CLRFLAG 
1 
CLRFLAG=2 


SETBEC 
SETBEA 
SETBCR 


2OH.0 
2OH.1 


; Input to PeA timer = 1/12 x Fosc 


; capture positive edge first on P1.3 


; Cleartest 
nags 


; Enable PCA Interrupt 


,; 
. 


Test program only 


; Turn PeA timer on 


WAIT: 
JMP$ 
JMPWAIT 
i •••••••••••••••••••••••••••••••••••••••••••••• 
...- ••••••••••••••••••••••••••••••••••••••••••• 
_ ••••••••••••• 


; Wait for PCA Interrupt 


This code assumes Module 0 Is the only PeA module belr,g used. 


PeA_INTERRUPT: 
CLRCCFO 
JB FLAG_1, SECOND_CAPTURE 
; Clear module O's event flag 
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FIRST CAPTURE: 


- 
MOV CAPTURE, CCAPOL 
MOV CAPTURE+1, CCAPOH 
SETB FLAG 1 
MOV CCAPMo,131H 
RETI 
, 
SECOND CAPTURE: 


- 
PUSHACC 
PUSHPSW 
JB FLAG 2, THIRD CAPTURE 
CLRC 
- 
- 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PULSE_WIDTH, A 
MOV A, CCAPOH 
SUBB A, CAPTURE+1 
MOV PULSE_WIDTH+1, A 


SETB FLAG_2 
POPPSW 
POPACC 
RETI 


THIRD CAPTURE: 
- 
CLRC 
MOV A, CCAPOL 
SUBB A, CAPTURE 
MOV PERIOD, A 
MOV A, CCAPOH 
SUBB A, CAPTURE+1 
MOV PERIOD+1, A 


MOV CCAPMO,II21 H 
CLR FLAG_1 
CLR FLAG_2 
POPPSW 
POPACC 
RETI 


, 
END 


; Signify first capture complete 
; Capture either edge now 


; Calculate pulse width 
; 16-blt subtract 


; Signify second capture complete 


; Calculate period 
; 16-bit subtract 


; Optional· reconflgure 
module to 
; capture positive edges for 
; next cycle 


270609-23 


2·218 


AP-415 
intel.. 


30H 
32H 
34H 


Listing 4 - Measyrlng Phase PWerences 


2OH.O 
2OH.1 


; Input to PCA timer", 
1/12" 
Fosc 


; Capture positive edges on P1.3 


; Capture poSitive edges on P1.4 


; Used lor test program only 


; Cleartest 
Ilags 


; Enable PCA Interrupt 


; Turn PCA timer on 
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, 
$nomod51 
$nosymbols 
$nollst 
$Include (reg252.pdl) 
$1181 


Variables 


; 
, 


CAPTURE_O 
CAPTURE 1 
PHASE 
- 


DATA 
DATA 
DATA 


BIT 
BIT 
_ 


, 
ORGOOOOH 
JMP PCA_INIT 
, 
ORGOO33H 
JMP PCA_INTERRUPT 


; 
Initialize PCA timer 
PCA INIT: 
MOV CMOD, tOOH 
- 
MOVCH,tOO 
MOVCL,tOO 


Initialize Modules 0 & 1 In capture mode 
MOV CCAPMO, 121H 


MOV CCAPOH, tOO 
MOV CCAPOL, tOO 


MOV CCAPM1, 121H 
MOV CCAP1H, tOO 
MOV CCAP1L, tOO 


MOV RO,tIOFFH 
MOV R1, tIOFFH 


CLRFLAG 
0 
CLRFLAG:1 


SETB EC 
SETBEA 
SETBCR 
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; Generate two wavelonns 
; with known phase difference 


Test program only 


...................... -- 
. 
, 


; These two wavefonns 
are input to 


; PI.3 and PI.4 


DELAY2: 
DJNZ RI, $ 
RET 
; 
,. 
. 


; Datennlne which module's event 
; caused the Interrupt 


; Clear Module O's event flag 


; If capture Is complete on Module I, 
; go to calculation 
; Signify capture complate on 
; Module ° 


; Clear Module I's event flag 


; If capture Is complete on Module 0, 
; go to calculation 
; Signify capture complete 
; Module I 


; This calculation 
does not have to 


; be completed 
In the Interrupt 


; service routine 
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This code assumes only Modules °and I are being used. 


MAIN: 
CALL TOGI 
CALLDELAY2 
CALL TOG2 
JMPMAIN 


TOGI: 
CPL PI.6 
CALL DELAYI 
RET 


, 
TOG2: 
CPL PI.S 
CALL DELAYI 
RET 


DELAYI: 
DJNZ RO,$ 
RET 


, 
PCA_INTERRIJPT: 


JB CCFO, MODULE_O 
JB CCFI, MODULE_I 


CLRCCFO 
MOY CAPTURE_O, CCAPOL 
MOY CAPTURE_D+I, CCAPOH 
JB FLAG_I, CALCULATE_PHASE 


SETB FLAG 0 
RETl 
- 


CLR CCFI 
MOY CAPTURE_I, CCAPI L 
MOY C~PTURE_I+I, 
CCAPIH 
JB FLAG_O, CALCULATE_PHASE 


SETBFLAG 
I 
RETl 
- 


CALCULATE 
PHASE: 


- 
PUSHACC 
PUSH PSW 
CLRC 
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JB FLAG_1, MOD1_LEADING 


MODO LEADING: 


- 
MOV A, CAPTURE_1 
SUBB A, CAPTURE_O 
MOVPHASE,A 
MOV A, CAPTURE_1+1 
SUBB A, CAPTURE_O+1 
MOV PHASE+1, A 
CLRFLAG ° 
JMPEXIT 
- 


; 16-bit subtraction 


MOD1_LEADING: 


MOV A, CAPTURE_O 
SUBB A, CAPTURE_1 
MOVPHASE,A 
MOV A, CAPTURE_G.1 
SUBB A, CAPTURE_1+1 
MOV PHASE+ 1, A 
CLRFLAG_1 


POPPSW 
POPACC 
RETI 


; 16-b1tsubtraction 


EXIT: 


, 
END 
270609-26 
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$nomod51 
$nosymbols 
$nollst 
$Include (reg252.pdl) 
$lIst 


L1aljog 5 
Software Timer 


; InpU1to PCA timer = 1/12 x Fosc 


Software Timer mode which Interrupts every 20 msec with Fosc = 12 MHz. 


ORGOOOOH 
JMP PCA_INIT 
ORGOO33H 
JMP PCA_INTERRUPT 


Initialize PCA timer 
PCA_INIT: 
MOV CMOD,IOOH 
MOVCH,IOO 
MOV Cl, 100 


MOV CCAPMO, 149H 
MOV CCAPOL, 'LOW(2ooo0) 
MOV CCAPOH, IHIGH(20000) 


SETa EC 
SETB EA 
SETBCR 


; Software Timer mode with Interrupt 
; Write to low by1e first 


; Enable PCA Interrupt 


; Turn PCA timer on 


Test program only 
................................................................................................................ 
,... 
, 


; Wait for PCA Interrupt 
WAIT: 
JMP$ 
JMPWAIT 


i •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


This code assumes Module 0 Is the only module being used. 
If 
other PCA module's are being used, software must check which 
module'. 
event flag caused the Interrupt. 


PCA INTERRUPT: 
- 
CLRCCFO 
PUSHACC 
PUSHPSW 
CLREA 
MOV A, 'LOW(20000) 
ADD A, CCAPOL 
MOV CCAPOL, A 
MOV A, IHIGH(20000) 
ADDC A, CCAPOH 
MOV CCAPOH, A 
SETBEA 
POPPSW 
POPACC 
RETI 
END 


; Clear module O's event flag 


; Hold off Interrupts 
; 16-bH add 
; Next match will occur 20,000 
; counts later 
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LIsting 6 High Speed Oytpyt (wilhoytlnterrupll 


$nomod51 
$nosymbols 
$nollst 
$Include (reg252.pdf) 
$list 


ORGDOOOH 
JMP PCA_INIT 


HSO mode without PCA Interrupt. 
Maximum frequency output = 30.5 Hz 
at Fosc = 16 MHz. 


Initialize PCA timer 
PCA_INIT: 
MOV CMOD, M02H 
MOVCH,MOO 
MOVCL,MOO 


MOV CCAPMO,I4CH 
MOV CCAPOL, MOFFH 
MOV CCAPOH, #OFFH 


SETBCR 


END 


; Input to PCA timer = 1/4 x Fosc 


HSO Mode without interrupt 
enabled 
Write to low by1e first 
Pl.3 will toggle every 65,536 counts 
or 16.4 msec at Fosc = 16 MHz 
Period = 30.5 Hz 
Turn PCA timer on 
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; Input to PCA timer = 1/4 x Fosc 


Listing 7 
High Speed Output (with interrupts) 


HSO mode with variable lrequency. 
This example outputs a 1KHz signal 
with Fosc = 16 MHz. 


; HSO mode with interrupt enabled 
; t = 1000 arbitrary 


; Enable PCA interrupt 


Test program only 


••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
iIo ••••• 
II ••••••••••••••••••• 


; Turn PCA timer on 


WAIT: 
JMPS 
JMPWAIT 
; 
,. 
. 


; Wait lor PCA interrupt 


This code assumes Module 0 is the only module being used. II 
other PCA module's are being used, software must check which 
module's eventllag 
caused the interrupt. 


PCA INTERRUPT: 


- 
CLRCCFO 
PUSHACC 
PUSHPSW 
CLREA 
MOV A, ,LOW(2OO0) 
ADD A, CCAPOL 
MOV CCAPOL, A 
MOV A, IHIGH(2000) 
ADDC A, CCAPOH 
MOV CCAPOH, A 


SETBEA 
POPPSW 
POPACC 
REn 


END 


$nomod51 
$nosymbols 
Snolist 
$include (reg252.pdl) 
$list 


ORGOOOOH 
JMP PCA_INIT 


ORGOO33H 
JMP PCA_INTERRUPT 


Initialize PCA timer 
PCA INIT: 
MOV CMOD,I02H 
- 
MOVCH,IOO 
MOV CL, 100 


MOV CCAPMO, I4DH 
MOV CCAPOL, 'LOW(1ooo) 
MOV CCAPOH,IHIGH(1000) 
CLRP1.3 


SETB EC 
SETB EA 
SETBCR 


; Clear module 0'. event lIag 


; Hold oil interrupts 
; 16-blt add 
; 2000 counts later P1.3 
; will toggle 
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; Input to PCA timer = 1/4 x Fosc 
• 


listing 
8. High Speed Output (Single Pulse) 


HSO mode generates a single pulse width of 20 usecs wHh Fosc = 16 MHz. 


; HSO mode with Interrupt enabled 
; t = 1000 arbitrary 


; Enable PCA Interrupt 


; Turn PCA timer on 


Test program only 


•••• 
11- ••••••••••••• 
**••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


; Wait for PCA interrupt 
WAIT: 
JMP$ 
JMPWAIT 
................................................................................................................ 


; Clear module O's event flag 


; Hold off interrupts 
; 16-bH add 
; 80 counts later P1.3 
; will toggle 
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; Disable HSO mode 
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This code assumes Module 0 Is the only module being used. 
If 
other PCA module's are being used, software must check which 
module's event flag caused the Interrupt. 


PCA INTERRUPT: 
- 
CLRCCFO 
JNB P1.3, DONE 


$nomod51 
$nosymbols 
$nollst 
$Include (reg252.pdl) 
$lIst 


ORGOOOOH 
JMP PCA_INIT 


ORGOO33H 
JMP PCA_INTERRUPT 


Initialize PCA timer 
PCA_INIT: 
MOV CMOD, t02H 
MOVCH,tOO 
MOV Cl, tOO 


MOV CCAPMO, I4DH 
MOV CCAPOL, 'LOW(1000) 
MOV CCAPOH,IHIGH(1000) 
CLRP1.3 


SETB EC 
SETBEA 
SETBCR 


PUSHACC 
PUSHPSW 
CLREA 
MOV A, 'LOW(80) 
ADD A, CCAPOL 
MOV CCAPOl, A 
MOV A,IHIGH(80) 


ADDC A, CCAPOH 
MOV CCAPOH, A 
SETBEA 
POPPSW 
POPACC 
RETl 


DONE: 
MOV CCAPMO,tOOH 
RETl 
END 
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Listing 9 
Watchdog Timer 


$nomod51 
$nosymbols 
$nolls! 
$Include (reg252.pdl) 
SIIs! 


ORGOOOOH 
JMP PCA_INIT 


Initialize PCA timer 
PCA INIT: 
MOV CMOD,IOOH 
- 
MOVCH,IOO 
MOVCL,IOO 


MOV CCAPM4, MCH 
MOV CCAP4L, IOFFH 
MOV CCAP4H,IOFFH 


ORL CMOD, MOH 


SETBCR 


; Input to PCA timer = 1/12 x Fosc 


; Module 4 In compare mode 
; Write to low byte first 
; Belore PCA timer counts up to FFFF Hex, 
; these compare values must be changed 
; Set the WDTE bit to enable watchdog 
timer 


Test program only 


, 
.•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.•.••••••••••• 
*•••••••••••••••••••••• 
tlt 


; Turn PCA timer on 


START: 
MOV R1, .1200 
MOV RO,IOFFH 


DJNZ RO,S 
DJNZ R1, MAIN 
CALL WATCHDOG 
JMPSTART 


MAIN: 


; Delay lor approx. 60 msec 


; Check that watchdog 
never causes a reset 


WATCHDOG: 


j •••••.••••••••••••••••••••• 
, ••• 
, ••••••••••••• 
" •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


CLREA 
MOV CCAP4L, IOOH 
MOV CCAP4H, CH 
SETB EA 
RET 


END 


; Hold all Interrupts 
; Next compare value Is within 
; 255 counts 01the current PCA 
; timer value 
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Lls!!n; 
10 
pulse Width Modulator 


$nomod51 
$nosymbols 
$nolls1 
$Include (reg252.pdf) 
$list 


PWM mode - Maximum frequency output = 15.6 KHz with Fosc = 16 Mhz. 


ORGOOOOH 
JMP PCA_INIT 


Initialize PCA Ilmer 
PCA_INIT: 
MOV CMOD,I02H 
MOVCH,#OO 
MOV CL, #00 


MOV CCAPMO,142H 
MOV CCAPOL, IOOH 
MOV CCAPOH, '1280 
SETBCR 


; Inpullo 
PCA Ilmer = 1/4 x Fosc 
; AI 16 MHz,frequency 
= 15.6 KHz 


PWMMode 
Wrlle 10 low byle first 
50 percent duty cycle 
Turn PCA timer on 


END 
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APPENDIX 
B 
Duty Cycle Calculation 


$DEBUG 


SHORT_DIVISION SEGMENT CODE 


EXTRN DATA(PULSE_WlDTH, PERIOD, DUTY_CYCLE) 
PUBLIC DUTY_CYCLE_CALCULATION 


RSEG SHORT_DIVISION 


•• 
ot •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••.••••••••••••••••••••••••••••••• 


DUTY_CYCLE_CALCULATION 


CALCULATES 
DUTY_CYCLE = PULSE_WIDTH I PERIOD 


Inputs to this routine are '6-blt 
pulse width and period measurements 
of 
a rectangular 
waveform. 
The output Is a 9-bit BCD number representing 
the duty cycle of the wavef0rfll. 
The low 8 bits of the result are 
returned In DUTY_CYCLE. The 9th bit Is the carry bit in the PSW. 
11 the 
duty cycle Is between 0 and 99 percent, the carry bit is 0 and DUTY_CYCLE 
contains the two BCD digits representing 
the duty cycle as a percent. 


If the duty cycle is , 00 percent, the carry bit is , and DUTY_CYCLE 
containsO. 


INPUTS: PULSE_WIDlli 
2 bytes in externally defined DATA 
(Iow byte at PULSE_WIDTH, high byte at PULSE_WIDlli+,) 


PERIOD 
2 bytes In externally defined DATA 
(Iow byte at PERIOD, high byte at PERIOD+,) 


OUTPUT: DUTY_CYCLE 
, byte in externally defined DATA 


VARIABLES AND REGISTERS MODIFIED: 


PULSE_WIDTH, DUTY_CYCLE 
ACC, B, PSW, R2, R3 


ERROR EXIT: Exit with OV = , indicates PULSE_WIDTH> PERIOD. 


; 
. 


DUTY_CYCLE_CALCULATION: 


MOV 
A,PERIOD.' 
CJNE 
A,PULSE_WIDTH.',NOT_EQUAL 
MOV 
A,PERIOD 
CJNE 
A,PULSE_ WIDlli,NOT _EQUAL 
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EQUAL: 


SETB 
MOV 
CLR 
RET 


NOT EQUAL: 


- 
JNC 
CONTINUE 
SETB 
OV 
RET 


CONTINUE: 
MOV 
R2,18 
MOV 
DUTY_CYCLE,IO 
MOV 
R3,IO 


BUILD_DUTY_CYCLE: 
MOV 
A,DUTY_CYCLE 
RLC 
A 
MOV 
DUTY_CYCLE,A 
JNB 
ACC.O,LOOP CONTROL 
SUBTRACT: 
- 
MOV 
A,PULSE_WIDTH 
SUBB 
A,PERIOD 
MOV 
PULSE_WIDTH,A 
MOV 
A,PULSE_WIDTH+l 
SUBB 
A,PERIOD+l 
MOV 
PULSE_WIDTH+l,A 
MOV 
A,R3 
SUBB 
A,IO 
MOV 
R3,A 
LOOP CONTROL: 
- DJNZ 
R2,TlMES_TWO 


A,PULSE_WIDTH 
A 
PULSE_WIDTH,A 
A,PULSE_ WIDTH+1 
A 
PULSE_WIDTH+ l,A 
A,R3 
A 
R3,A 


R3,IO,DONE 
A,PULSE_ WIDTH+1 
A,PERIOD+ 1,DONE 
A,PULSE_WIDTH 
A,PERIOD,DONE 


C 
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TIMES_TWO: 


MOV 
RLC 
MOV 
MOV 
RLC 
MOV 
MOV 
RLC 
MOV 
COMPARE: 
CJNE 
MOV 
CJNE 
MOV 
CJNE 
DONE: 


CPL 
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FINAL TIMES TWO: 
-MOV 
-A.PUlSE_WIDTH 
RlC 
A 
MOV 
PULSE WIDTH.A 
MOV 
A.PUlSE WIDTH+1 
RlC 
A 
- 
MOV 
PUlSE_WIDTH+l.A 
MOV 
A.R3 
RlC 
A 
MOV 
R3.A 
FINAL COMPARE: 


- CJNE 
R3.tO.FINAl_DONE 
MOV 
A.PUlSE WIDTH+1 
CJNE A.PERIOO+l.FINAl_DONE 
MOV 
A.PUlSE_WIDTH 
CJNE A.PERIOD.FINAl_DONE 
FINAL DONE: 
- JC 
CONVERT TO BCD 
MOV 
A.DUTY CYCLE 
ADD 
A.'l 
- 
MOV 
DUTY CYClE.A 
JNC 
CONVERT_TO_BCD 
ClR 
OV 
RET 


CONVERT_TO_BCD: 
MOV 
A.DUTY CYCLE 
MOV 
B.'10 
- 
MUl 
AB 
XCH 
A.B 
SWAP A 
MOV 
DUTY_CYClE.A 
MOV 
A.'10 
MUl 
AB 
XCH 
A.B 
ORl 
DUTY_CYCLE.A 
MOV 
A.'10 
MUl 
AB 
MOV 
A.B 
CJNE A.IS.TEST 
TEST: JBC 
CY.OUT 
MOV 
A.DUTY CYCLE 
ADD 
A.'l 
- 
DA 
A 
MOV 
DUTY_CYClE.A 
OUT: 
RET 


END 
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APPENDIX 
C 


A map of the Special Function 
Register 
(SFR) 
space is 
shown 
in Table 
AI. 
Those 
registers 
which 
are new or 


have 
new bits added 
for the 
83C51FA 
and 
83C51FB 


have been boldfaced. 


Read 
accesses 
to these addresses 
will in general 
return 
random 
data, 
and write accesses 
will have no effect. 


Note 
that 
not all of the addresses 
are occupied. 
Unoc- 
cupied 
addresses 
are 
not 
implemented 
on 
the 
chip. 


User 
software 
should 
not 
write 
Is to these 
unimple- 
mented 
locations, 
since they may be used in future 
8051 
family products 
to invoke new features. 
In that case the 
reset or inactive 
values of the new bits will always be 0, 
and their 
active 
values 
will be I. 


Table 
A1. Special 
Function 
Register 
Memory 
Map and 
Values 
After 
Reset 


F8 
CH 
CCAPOH 
CCAP1H 
CCAP2H 
CCAP3H 
CCAP4H 
00000000 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 


" B 
00000000 


CL 
CCAPOL 
CCAP1L 
CCAP2L 
CCAP3L 
CCAP4L 
00000000 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 


" ACC 
00000000 


CCON 
CMOD 
CCAPMO 
CCAPM1 
CCAPM2 
CCAPM3 
CCAPM4 
OOXOOOOO OOXXXOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 
XOOOOOOO 


" PSW 
00000000 


T2CON 
T2MOD 
RCAP2L 
RCAP2H 
TL2 
TH2 
00000000 
XXXXXXXO 
00000000 
00000000 
00000000 
00000000 


"IP 
SADEN 
XOOOOOOO 00000000 


" P3 
11111111 


"lE 
SADDR 
I 


00000000 
00000000 


" P2 
11111111 


" SCON 
" SBUF 
00000000 
XXXXXXXX 


" P1 
11111111 


" TCON 
"TMOO 
" TLO 
" TL1 
" THO 
" TH1 
00000000 
00000000 
00000000 
00000000 
00000000 
00000000 


" PO 
" SP 
" OPL 
" OPH 
"PCON 
"" 


11111111 
00000111 
00000000 
00000000 
ooxxoooo 


F7 
FO 


E8 
EF 


EO 
E7 


08 
OF 


DO 
07 


C8 
CF 


co 
C7 


B8 
BF 


BO 
B7 


A8 
AF 


AO 
A7 


98 
9F 


90 
97 


88 
8F 


80 
87 


• = Found In the 8051 core (See 8051 Hardware Description in the Embedded Controller Handbook for explanations of 
these SFRs). 
•• = See description of PCON SFR. Bit PCON.4 is not affected by reset. 
X = Undefined. 


2-231 


intel· 
APPLI.CATION 
NOTE 
AP-425 


September 
1988 


Small DC Motor Control 


JAFAR 
MODARES 
ECO APPLICATIONS 
. 


2-232 
Order Number: 
270622-001 


o~~~~~: 
~ND C~oo.E~ ~OO~ 
2-23•• 


FEEDBACK 
2-238 


SOFTWARE/CPU 
OVERHEAD 
2-240 


ELECTRICAL 
BRAKING 
2-241 


STEPPING 
A DC MOTOR 
2-242 


TIME DELA VS 
2-242 


CONCLUSION 
2-244 


APPENDIX 
2-245 


2-233 


intel· 


INTRODUCTION 


AP-425 


This application note shows how an 83C51FA can be 
used to efficiently control DC motors with minimum 
hardware requirements. It also discusses software im- 
plementation and presents helpful techniques as well as 
sample code needed to realize precision control of a 
motor. 


There is also a brief overview of the new features of the 
83C51FA. This new feature is called the Programmable 
Counter 
Array (PCA) and is capable of delivering 
Pulse Width Modulated signals (PWM) through desig- 
nated I/O pins. 


It is assumed that the reader is familiar with the MCS- 
51 architecture and its assembly language. For more 
information about the 8051 architecture and the PCA 
refer to the Embedded Controller Handbook Volume I 
(order no. 210918-006). 


This document will not discuss stepper motors or mo- 
tor control algorithms. 


DC MOTORS 


DC motors are widely used in industrial and consumer 
applications. 
In 
many 
cases, absolute 
precision 
in 
movement is not an issue, but precise speed control is. 
For example, a DC motor in a cassette player is expect- 
ed to run at a constant speed. It does not have to run 
for precise increments which are fractions of a turn and 
stop exactly at a certain point. 


However, some motor applications do require precise 
positioning. 
Examples 
are high 
resolution 
plotters, 
printers, disk drives, robotics, etc. Stepper motors are 
frequently used in those applications. There are also 
applications which require precise speed control along 
with some position accuracy. Video recorders, compact 
disk drives, high quality cassette recorders are examples 
of this category. 


By controlling DC motors accurately, they can overlap 
many applications of stepper motors. The cost of the 
control system depends on the accuracy of the encoder 
and the speed of the processor. 


The 83C51FA can control a DC motor accurately with 
minimum hardware at a very low cost. The microcon- 
troller, as the brain of a system, can digitally control 
the angular velocity of the motor, by monitoring the 
feedback lines and driving the output lines. In addition 
it can perform other tasks which may be needed in the 
application. 


Almost every application that uses a DC motor re- 
quires it to reverse its direction of rotation or vary its 
speed. Reversing the direction is simply done by chang- 


ing the polarity of the voltage applied to the ==. 
Figure I shows a simplified symbolic re~resentatlOn ~f 
a driver circuit which is capable of reversing 
the polan- 
ty of the input to the motor. 
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Figure 1. Reversible 
Motor Driver Circuit 


Varying the speed requires changing the voltage ~evelof 
the input to the motor, and that means changing the 
input level to the motor driver. In a digitally-controlled 
system, the analog signal to the driver must come from 
some form of D/ A converter. But adding a D/ A con- 
verter to the circuit adds to the chip count, which 
means more cost, higher power consumption, and re- 
duced reliability of the system. 


The other alternative is to vary the pulse width of a 
digital signal input to the motor. By varying the pulse 
width the average voltage delivered to the motor chang- 
es and so does the speed of the motor. A digital circuit 
that 
does this is called a Pulse Width 
Modulator 
(pWM). The 83C51FA can be configured to have up to 
5 on-board pulse width modulators. 


THE 83C51FA 


The 83C51FA is an 8-bit microcontroller based on the 
8051 architecture. 
It is an enhanced version of the 
87C51 and incorporates many new features including 
the Programmable Counter Array (PCA). 


Included in the Programmable Counter Array is a 16- 
bit free running timer and 5 separate modules. 


The PCA timer has two B-bit registers called CL (low 
byte) and CH (high byte), and is shared by all modules. 
It can be programmed to take input from four different 
sources. The inputs provide flexibility in choosing the 
count rate of the timer. The maximum count rate is 4 
MHz ('I. of the oscillator frequency). 


Some of the port I pins are used to interface each mod- 
ule and the timer to the outside world. When the port 
pins are not used by the PCA modules, they may be 
used as regular I/O pins. 


The modules of the PCA can be programmed to per- 
form in one of the following modes: capture mode, 
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compare mode, high speed output mode, pulse width 
modulator 
(PWM) mode, or watchdog timer mode 
(only module 4). 


Every 
module 
has 
an 
8-bit mode 
register 
called 
CCAPMn 
(Figure 2), and a 16-bit compareicapture 
register called CCAPnL & CCAPnH, where n can be 
any value from 0 to 4 inclusive. By setting the appropri- 
ate bits in the mode register you can program each 
module to operate in one of the aforementioned modes. 


CCAPMn 


ECOMn- 
Enables the comparator function. Must 
be set for functions which require com- 
paring of the compare/capture 
registers 
with the 16-bit timer, i.e., software tim- 
er, high-speed output, watchdog timer, 
and PWM. 
CAPPn - 
Capture on positive edge of signal. 


CAPNn - 
Capture on negative edge of signal. 


MATn 
- 
Find 
a match 
between the capture/ 


compare and 16-bit timer. 
TOGn 
- 
Toggle I/O pin upon a match between 
capture/compare 
registers and 
16-bit 
timer. 
PWMn 
- 
Generate 
PWM on I/O 
pin upon a 
match between the low byte of capture/ 
compare and the low byte of PCA tim- 
er. 
ECCFn - 
Enables compareicapture 
flag CCFn in 
the CCON register to generate an inter- 
rupt. 


Figure 2. CCAPMn 
Register 


When a module is programmed in capture mode, an 
external signal on the corresponding port pin will cause 
a capture of the current value of the 16-bit timer. By 
setting bits CAPPn or CAPNn or both, the module can 
be programmed to capture on the rising edge, falling, 
edge, or either edge of the signal. If enabled, an inter- 
rupt is generated at the time of capture. 


When module is to perform in one of the compare 
modes (software timer, high speed output, watch dog 
timer, PWM), the user loads the capture/compare 
reg- 
isters with a calculated value, which is compared to the 
contents of the 16-bit timer, and causes an event as 
soon as the values match. It can also generate an inter- 
rupt. 


PWM is one of the compare modes and is the only one 
which uses only 8 bits of the capture/compare 
register. 


The user writes a value (0 to FFH) into the high byte 
(CCAPnH) of the selected module. This value is trans- 
ferred into the lower byte of the same module and is 
compared to the low byte of the PCA timer. While CL 
< CCAPnL the output on the corresponding pin is a 
logic O.When CL > CCAPnL, the output is a logic 1. 


In this application note we will see how a module can 
be programmed to perform as a PWM to control the 
speed and direction of a DC motor. 


SETTING UP THE peA 


The 83C51FA has several Special Function Registers. 
(SFRs) that are unknown to ASM51 versions before 
2.4. The names of these SFRs must be defined by 
DATA directive or be defined in a separate file and be 
included at the time of compilation. Such a file has 
already been created and is included in the ASM51 
package version 2.4. 


Two special function registers are dedicated to the PCA 
timer to allow mode selection and control of the timer. 
These registers are CCON and CMOD and are shown 
in figure 3. CCON contains jhe PCA timer ON/OFF 
bit (CR), timer rollover flag (CF) and module flags 
(CCFn). Module flags are used to determine 
which 
module causes the PCA interrupt. 
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Figure 3. CCON and CMOD Registers 


First the clock source for the PCA timer must be de- 
fined. The 16bit timer may have one of four sources for 
its input. These sources are: osc freq/4, osc freq/12, 
timer 0 overflow, and external clock. 


Two bits in the CMOD register are dedicated to select- 
ing one of the sources for the PCA timer input. They 
are bits I and 2 of CMOD which are called CPSO and 
CPSI. CMOD is not bit addressable, thus the value 
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must be loaded as a byte. Figure 4 shows all the sources 
and the corresponding values of CPSO and CPS!. 


CPS1 
CPSO 
TIMER 
INPUT SOURCE 


0 
0 
Internal clock, Fosc/12 
0 
1 
Internal clock, Fosc/4 
1 
0 
Timer 0 overflow 
1 
1 
External clock (input on P1.2) 


Figure 4. Timer Input Source 


Next the appropriate module must be programmed as a 
PWM. As it was noted earlier, the 8-bit mode register 
for each module is called CCAPMn (see figure 2). Bit 1 
of each register is called PWMn. This bit along with 
ECOMn (bit 6 of the same register) must be set to pro- 
gram the module in the PWM mode. PWM is one of 
the compare functions of the PCA, and ECOMn en- 
ables the compare function. Thus, the hex value that 
must be loaded into the appropriate CCAPMn register 
is 42H. 


Now that the module is programmed as a PWM, a 
value must be loaded in the high byte of the compare 
register to select the duty cycle. The value can be any 
number from 0 to 255. In the 83C51FA loading 0 in the 
CCAPnH will yield 100% duty cycle, and 255 (OFFh) 
will generate a 0.4% duty cycle. See figure 5. 


The next step is to start the PCA timer. The bit that 
turns the timer on and off is called CR and is bit 6 of 


DUTY CYCLE 
CCAPnH 
OUTPUT 
WAVEFORtol 


1007- 
00 
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25 --u--u---v- 


507- 
128 -----u-LIl- 
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0.47- 
255 
~ 
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Figure 5. Selected 
Duty Cycles and Waveforms 


CCON register (Figure 3). Since this register is bit ad- 
dressable, you can use bit instructions to turn the timer 
on and off. 


In the following example module 2 has been selected to 
provide a PWM signal to a motor driver. An external 
clock will be provided for the timer input, so the value 
that needs to be loaded into CMOD is 06H. 


HARDWARE 
REQUIREMENT 


When using an 83C51FA, very little hardware is re- 
quired to control a motor. The controller can interface 
to the motor through a driver as shown in figure 6. 


MOV 
MOV 
MOV 
SETB 


CMOD,#06 
CCAPM2,#42H 
CCAP2H,#0 
CR 


timer input external 
put the module 
in PWM mode. 
o provides 
100% duty cycle 
(5V) 
turn timer on 


END 
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PLO 
DIRECTION 


PL4 
SPEED 


83C51fA 
ON/Off 


PL6 
fEEDBACK 
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MOTOR 
ASSEMBLY 


Figure 6. Simplified 
Circuit Diagram 
of a Closed 
Loop System 


This configuration, a closed loop circuit, takes up only 
three I/O pins. The line controlling direction can be a 
regular port pin but the speed control line must be one 
of the port 1 pins which corresponds to a PCA module 
selected for PWM. Depending on how the feedback is 
generated and processed, it could be connected to a 
regular I/O, an external interrupt, or a PCA module. 
Feedback is discussed in more detail in the feedback 
section of this application note. 


The diagram in Appendix A is an example of a DC 
motor circuit which has been built and bench-tested. 


DRIVER 
CIRCUIT 


Although some DC motors operate at 5 volts or less, 
the 83C51FA can not supply the necessary current to 
drive a motor directly. The minimum current require- 
ments of any practical motor is higher than any micro- 
controller can supply. Depending on the size and rat- 
ings of the motor, a suitable driver must be selected to 
take the control signal from the 83C51FA and deliver 
the necessary voltage and current to the motor. 


A motor draws its maximum current when it is fully 
loaded and starts from a stand still condition. This fac- 
tor must be taken into account when choosing a driver. 
However, if the application requires reversing the mo- 
tor, the current demand will even be higher. As the 
motor's speed increases, it's power consumption 
de- 
creases. Once the speed of a motor reaches a steady 
state, the current depends on the load and the voltage 
across the motor. 


Standard motor drivers are available in many current 
and voltage ratings. One example is the L293 series 
which can output up to 1 ampere per channel with a 
supply voltage of 36 v. It has separate logic supply and 
takes logical input (0 or I) to enable or disable each 
channel. 
There 
are four channels 
per device. The 
L293D also includes clamping diodes needed for pro- 
tecting the driver against the back EMF generated dur- 
ing the reversing of motor. 


NOISE CONSIDERATIONS 


Motors generate enough electrical noise to upset the 
performance of the controller. The source of the noise 
could be from the switching of the driver circuits or the 
motor itself. Whatever the cause of the noise may be, it 
must be isolated or bypassed. 


Isolating the microcontroller from the driver circuit is 
helpful in keeping the noise limited. 


Bypass capacitors help a great deal in suppressing the 
noise. They must be added to the power and ground 
(Figure 7 diagram a), on the driver circuit (diagram b), 
on the motor 
terminals 
(diagram 
c), and 
on the 
83C51FA (diagram d). The capacitors must be as close 
to the component as possible. In fact the best location is 
under the chip or on top of it if packaging allows. The 
diagrams in figure 7 show the location and some typical 
values for the bypass capacitors. 
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Figure 7. Typical 
Locations 
and Values for Bypass Capacitors 


OPEN LOOP & CLOSED 
LOOP 
SYSTEMS 


There are two types of motor control systems: open 
loop and closed loop. 


In the open loop system the controller outputs a signal 
to turn the motor on/otT or to change the direction of 
the rotation based on an input that does not come from 
the motor. For example, the position of a manual or 
timer switch becomes the input to the controller, which 
varies the input to the motor. In another case, the con- 
troller may take input from data tables in the program 
to run, vary the speed, reverse direction, or stop the 
motor. 
. 


Closed loop systems can use one or more of the above 
mentioned examples for the open loop system, plus at 
least one feedback signal from the motor. The feedback 
signal provides such information 
as speed, position, 


and/or direction of motion. 


Many applications require that a motor run at a con- 
stant speed. The controller has to continuously make 
adjustments 
to keep the speed within the limits. In 
some cases the speed of the motor is synchronized to 
another motor or moving part or the system. 


Depending 
on 
the 
type 
of 
feedback 
signal, 
the 
83C51FA may have to use other modules of the PCA 
along with other on-chip peripherals such as Timer/ 
Counters, Serial Port, and the interrupt system to pre- 
cisely control a DC motor. 


The example in the following section uses one PCA 
module to generate PWM, and another module (in cap- 
ture mode) to receive feedback from a DC motor. 


FEEDBACK 


The feedback comes from a sensing device which can 
detect motion. The sensing device may be an optical 
encoder, infrared detector, Hall etTectsensor, etc. De- 
pending on the application, one or more of the above 
mentioned sensing devices may be suitable. 


The optical sensors should be encapsulated for better 
reliability. If they are not enclosed, factors such as am- 
bient light, dust, and dirt can lessen their sensitivity. 


Hall etTectsensors are insensitive to any type of light. 
They change logic levels going into and coming out of a 
magnetic field. The sensing device is normally mounted 
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on some stationary part of the system and the magnet is 
installed on the rotating part. The potential problem 
with the Hall effect sensors are that if the gap between 
the magnet and the sensing device is too big, the sens- 
ing device may not be affected by the magnetic field. 
Also the number of magnets is limited which means 
fewer feedback pulses will be provided. 


Whatever the means of sensing, the result is a signal 
which is fed to the controller. The 83C51FA can use 
the feedback signal to determine the speed and position 
of the motor. Then it can make adjustments to increase 
or decrease the speed, reverse the direction, or stop the 
motor. 


In the following example module 3 of PCA is set up to 
perform in the capture mode. In this mode module 3 
will receive feedback signals from a Hall effect transis- 
tor fixed behind a wheel which is mounted on the shaft 
of a DC motor. Two magnets are embedded on this 
wheel in equal distances from each other (180 degrees 
apart). Every time that the Hall effect transistor passes 
through the magnetic field, it generates a pulse. 


The signal is input to Pl.6 which is the external inter- 
face for module 3 of the PCA. In this example, module 
3 is programmed to capture on the rising edge of the 


input signal. The time between the two captures corre- 
sponds to '/2 of a revolution. Thus, two consecutive 
captures can provide enough information to calculate 
the speed of the motor as explained in the next para- 
graph. By storing the value of the capture registers each 
time, and comparing it to its previous value, the con- 
troller can constantly measure and adjust the speed of 
the motor. Using this method one can run a motor at a 
precise speed, or synchronize it to another event. 


In the PCA interrupt service routine, each capture val- 
ue is stored in temporary locations to be used in a sub- 
tract operation. Subtracting the first capture from the 
second one will yield a 16-bit result. The resultant val- 
ue, which will be referred to as "Result" in the rest of 
this document, is in PCA timer counts. An actual RPM 
can be calculated from Result. Although the 83C51FA 
can do the calculation, it would be much faster to pro- 
vide a lookup table within the code. The table will con- 
tain values which have been calculated for a possible 
range of Results. 


The 'following code is an example of how to measure 
the period 
of a signal input 
to module 
3 of the 
83C51FA. The diagram in figure 8 shows how the peri- 
od corresponds to the rotation of the wheel. In the dia- 
gram "T" is the period and "t" is the time that the 
magnet is passing in front of the Hall effect transistor. 
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EFFECT 
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2 
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Figure 8. The Output 
Waveform 
of the Hall Effect Transistor 
as It goes Through 
the Magnetic 
Field 
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FLAG 
BIT 
0 
HLBYTE_TMP 
DATA 
45H 
LO_BYTE_TMP 
DATA 
46H 
HI_BYTE_RESULT 
DATA 
47H 
LO_BYTE_RESULT 
DATA 
48H 


ORG 
OOH 
JMP 
BEGIN 


ORG 
33H 
JMP 
PCA_ISR 


BEGIN: 
MOV 
CMOD,#O 
MOV 
CCAPM3,#21H 
MOV 
CCAP3H,#9AH 
SETB 
IP.6 
MOV 
IE,#OCOH 
CLR 
FLAG 
SETB 
CR 


PCA_ISR: 
JB 
SETB 
MOV 
MOV 
CLR 
RETI 
CAP_2: 
CLR 
MOV 
SUBB 
MOV 
MOV 
SUBB 
MOV 
CLR 


test flag 


SET PCA TIMER 
InPUT fOSC/12. 
MODULE 
3 IN POSITIVE 
CAPTURE MODE. 
PWM AT 60 PERCENT 
DUTY CYCLE. 
SET PCA INT. AT HIGH PRIORITY. 
ENABLE 
PCA INTERRUPT. 


TURN PCA TIMER ON. 


FLAG,CAP_2 
; FLAG BIT IS SET TO SIGNIFY 
1st 
FLAG 
; CAPTURE 
COMPLETE. 
HI_BYTE_TMP,CCAP3H; 
SAVE FOR NEXT CALCULATION. 
LO_BYTE_TMP,CCAP3L 
CCF3 
; RESET PCA INT. FLA~ MODULE 
3 


C 
A,CCAP3L 
A,LO_BYTE_TMP 
LO_BYTE_RESULT,A 
A,CCAP3H 
A,HLBYTE_TMP 
HI_BYTE_RESULT,A 
IE.6 


FOR SUBTRACT 
OPERATION. 
SUBTRACT 
OLD CAPTURE FROM NEW CAPTURE. 


SUBTRACTION 
RESULT 
OF LOW BYTE. 


HIGH BYTE SUBTRACTION. 
SUBTRACTION 
RESULT 
OF HIGH BYTE. 
DISABLE 
PCA INTERRUPT. 


In this example 
only one measurement 
is taken. 
That is why 
the PCA interrupt 
is disabled 
in the above 
line of instruction. 


RELPCA: 
CLR 
RETI 
END 


CCF3 
; RESET PCA INT. FLAG MODULE 
3 


SOFTWARE/CPU 
OVERHEAD 


It takes the 83C51FA no more than 250 bytes of code 
to control a DC motor. That is to run the motor at 
various speeds, monitor the feedback, use electrical 
braking, and even run it in steps. However, the CPU 
time spent on the above tasks can add up to 70 to 75% 
of the total time available (clock frequency 12 MHz). 


can be done in less than 30 instructions. Thus, in an 
open loop system, the controller spends an insignificant 
amount of time on controlling the motor. However, in a 
closed loop system the controller has to continuously 
monitor the speed and adjust it according to the pro- 
gram and the feedback. 


The section of software which turns the motor on and 
off, or sets the speed is very short. In fact, all of that 


The rest of this section talks about electrical braking, 
stepping a DC motor, and offers examples of code to 
implement these techniques. 
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ELECTRICAL 
BRAKING 


Once a DC motor is running, it picks up momentum. 
Turning off the voltage to the motor does not make it 
stop immediately because the momentum will keep it 
turning. After the voltage is shut off, the momentum 
will gradually wear off due to friction. If the application 
does not require an abrupt stop, then by removing the 
driving voltage, the motor can be brought to a gradual 
stop. 


An abrupt 
stop may be essential to an application 
where the motor must run a few turns and stop very 
quickly 
at 
a 
predetermined 
point. 
This 
could 
be 
achieved by electrical braking. 


Electrical braking is done by reversing the direction of 
the motor. In order to run in reverse direction, the mo- 
tor has to stop first, at which time the driving voltage is 
eliminated so that the motor does not start in the new 
direction. Therefore the length of time that the revers- 
ing voltage is applied must be precisely calculated to 
ensure a quick stop while not starting it in the reverse 
direction. 


There is no simple formula to calculate when to start, 
and how long to maintain braking. It varies from motor 
to motor llnd application to application. But it can be 
perfected through trial and error. 


In a closed loop system, the feedback can be used to 
determine where or when to start braking and when to 
discontinue. 


During the electrical braking, or any time that the mo- 
tor is being reversed, it draws its maximum current. To 
a motor which is turning at any speed, reversing is a 
heavy load. The current demand of a motor, when it 
has been reversed,is much higher than when it has just 
been powered on. 


The following shows a code sample for electrical brak- 2 
ing on a DC motor. The code is designed for the hard- 
ware shown in Appendix A. The subroutine DELAY 
provides the period that the reverse voltage is applied to 
the motor. The code for this subroutine is available in 
the TIME DELAYS section of this document. 


BEGIN: 
MOV 
MOV 
SETB 


CMOD.#O 
CCAPM1.#42H 
CR 


SET PCA TIMER INPUT fOSC/12. 
SETTING THE MODULE TO PWM MODE. 
PCA TIMER RUN. 


DRIVE MOTOR CLOCKWISE 
CLR 
Pl.O 
MOV 
CCAPIH.#OO 
Pl.0 AND THE PWM OF MODULE 
1- 
CONTROL THE SPEED AND DIRECTION. 


00 IN THIS REGISTER PUTS OUT MAX PWM 
(LOGICAL 1) 
CALL 
STOP_MOTOR 


REVERSING 
THE MOTOR. 
STOP_MOTOR: 
SETB 
MOV 
CALL 
CLR 
RET 


Pl.O 
CCAPIH.#OFFH 
DELAY 
Pl.O 
WAITING 
FOR 0.5 SECOND. 
REDUCING VOLTAGE 
TO O. 
RETURN FROM SUBROUTINE. 
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Using the 83C51FA, it is possible to run a simple DC 
motor in small steps. The resolution of the steps will be 
as high as the resolution of the encoder. If this resolu- 
tion is sufficient, here is a technique to run a DC motor 
in steps. 


Using a gear box to gear down the motor will increase 
the resolution of steps. However, putting too much load 
through the gears will cause sluggish starts and stops. 


Electrical braking is used in order to stop the motor at 
each step. Therefore, the routine that runs the motor in 
steps will consist ofturning it on with full force, waiting 
for certain period, and stopping it as fast as possible. 
The wait period depends on the number of steps per 
revolution. 


As the steps and the intervals between them become 
smaller, the average current demand of the motor in- 
creases. This is because the motor is operated at its 
maximum torque condition every time it starts to rotate 
and every time it is reversed for electrical braking. 


The following code sample shows a continuous loop 
which runs the motor in steps. The number of steps per 
revolution depends on the duration of the delay gener- 
ated by DELAY subroutine. Subroutine WAIT pro- 
vides the time between the steps. 


Subroutine DELAY is the period of time that the mo- 
tor is kept in reverse. This period must be determined 
through trial and error for each type of motor and sys- 
tem. 


TIME DELAYS 


While the 83C5lFA is controlling a motor it must fre- 
quently wait for the motor to move to certain position 
before it can proceed with the next task. For example, 
in the case of electrical braking when the controller 
reverses the polarity of voltage across the motor, de- 
pending on the type, size, and the speed of the motor, it 
may have up to a second of CPU time before it will 
turn the motor off. 


The wait may be implemented in different ways. Any of 
the Timer/Counters 
or unused PCA modules could be 
utilized to provide accurate timing. The advantage in 
using the timers is that while the timer is counting, the 
processor can be taking care of some other tasks. When 
the timer times out and generates an interrupt the proc- 
essor will go back and continue servicing the motor. 


If there are no timers or PCA modules available for this 
purpose, a software timer maybe set up by decrement- 
ing some of the internal registers. In this method the 
processor will be tied up counting up or down and will 
not be able to do anything else. An example of such a 
timer is: 


LOOP: 
CLR 
MOV 
Pl.O 
CCAPlH,#O 
SET DIRECTION 
CLOCKWISE 
MA]{ PWM 


The above instruction 
sets the motor running clockwise. 
The controller 
can 
be dOing other tasks if need be, or just stay in a wait loop, then stop the 
motor as shown below. 


SETB 
MOV 
CALL 
CLR 
CALL 
JMP 


Pl.O 
CCAPlH,#OFFH 
DELAY 
Pl.O 
WAIT 
LOOP 


,. 
; REVERSING 
THE MOTOR. 


WAIT FOR IT TO STOP. 
REDUCE 
VOLTAGE 
TO O. 
TIME BEFORE 
NEXT 
STEP. 
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DELAY: 
MOV 
MOV 
DELALLOOP: 
DJNZ 
DJNZ 
RET 


R4,#25 
R5,#255 
(decimal) 
(decimal) 


R5,DELALLOOP 
R4,DELALLOOP 


Subroutine 
DELAY 
provides approximately 
6.4 ms 


with a 12 MHz clock or 4.8 milliseconds with a 16 
MHz clock. The length of this delay can be controlled 
by loading smaller or larger values to R4 to vary from 
260 microseconds up to 65 milliseconds at 12 MHz or 
48 milliseconds at 16 MHz oscillator frequency. Larger 
delays may be obtained by cascading another register 
and creating an outer loop to this one. 


Let us assume that it will take a motor 500 milliseconds 
to stop from its CW rotation and we are going to use 
Timer/Counter 
0 to provide the wait period. Subrou- 
tine DELA Yl will keep track of this timing. Module I 
of PCA is selected to provide the PWM. 


Pl.O 
CCAPlH,#O 
•• 
ORG 
OBH 
JMP 
TIMER_INTERRUPT_ROUTINE 


CLR 
MOV 


BUSLLOOP: 
CALL 
CALL 
CALL 
JNB 


SETB 
MOV 
CALL 
CLR 


DELAY!: 
SETB 
SETB 
MOV 
MOV 


SET DIRECTION 
CW 
MA]{PWM 


MONITOR_DISPLAY 
SCAN_KELBOARD 
SCAN_INPULLINES 
STOP_FLAG, BUSY_LOOP 


Pl.O 
CCAPlH,#OFFH 
DELAY 
Pl.O 


REVERSING 
THE MOTOR 


WAIT TILL MOTOR STOPS 
REDUCE VOLTAGE TO 0 


Now the motor is running and the controller can do other tasks. 
Some typical tasks are called in the following segment. 


STOP_FLAG gets set by a feedback signal and denotes that the motor must 
stop. 


EA 
ETO 
TLO,#OD8H 
THO,#5EH 


enable timer 0 interrupt 
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RETI 


CONCLUSION 


SETB 
TRO 
MOV 
R7,#8 
; timer 0 must roll over 


timer 0 on 


.'keep track of how many times 


continue performing 
other tasks 


MONITOR_LOOP: 
CALL 
CALL 
CALL 
JB 
RET 


MONITOR_DISPLAY 
SCAN_KEY-BOARD 
SCAN_INPUT_LINES 
TRO,MONITOR_LOOP 


TIMER_INTERRUPT_ROUTINE: 
DJNZ 
R7,FULL_COUNT 
CLR 
TRO 


To implement a 500 milliseconds delay, timer 0 is used 
here. In mode I timer 0 is a 16-bit timer which takes 
65.535 milliseconds at 12 MHz to roll over. Dividing 
500 milliseconds to 65.535 shows that timer has to 
overflow more than 7 times but less than 8 times. How 
much more than 7 times? The following calculation 
yields the initial load value of the timer. 


500 +- 65.535 = 7.2695 taking it backward 


65.535 x 7 = 458.745 milliseconds 


500 - 458.745 = 41.255 millisecondsor 41255 
microseconds. 


In hexadecimal it is A127H. The initial load value is 
the complement of this value which is 5ED8H. 


The 83C51FA with all its on-chip peripherals is a sys- 
tem on one chip. It can simplify the design of a control 
board and reduce the chip count. Up to 5 DC motors 
can be controlled while doing other tasks such as moni- 
toring feedback lines, human interfacing (scanning a 
keyboard, displaying information), and communicating 
with other processors. The MCS-51 powerful instruc- 
tion set provides maximum flexibility with minimum 
hardware. 


With its onboard program memory capability, the need 
for the external EPROM and address latch is eliminat- 
ed. The 83C51FA can have up to 8K bytes of code and 
the 83C51FB can have up to 16K bytes of code on- 
board. 


This microcontroller can be used in industrial, com- 
mercial, and automotive applications. 
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APPENDIX 
A 


Figure A-I shows a symbolic view of the L293B driver. 
This driver has 4 channels but only two are shown here. 
Note the inputs A and B and how they are related to 
each other. You can input the PWM to either one of 
the inputs and by toggling the other input start or stop 
the motor. While running, the PWM input controls the 


speed. Pin PI.4 corresponds to module I of the peA, 
and pin Pl.O is used as a regular I/O pin. 


Figure A-2 shows the schematic of the motor driver, 
motor, feedback path, and the supporting components. 


Counter 
ClockwJse 
270622-6 
• 


L293B 
.rtrt; 


PWM(Pl.4) 


Port Pln(P1.0)---F~ 
~~ 
__ 
--l_ 


A - 


--- 


When A= B. motor 
stops 


When A'" B. motor 
runs 


B 
.: 


Clockwise 


off 
off 


Figure A·1. The L293B Motor Driver 
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::r: Ycc 
Vcc 
Vcc 
10).lF 
40 
9 
31 
1 
8 
2 
7 
L293 
4 
5 
9 
10 
6 


VCC 
11 
14 
NC 
NC 
- 
10K 
DRIVER 
- 
- 


All diodes 
are the same and could 
be any of the 1N4000 
series. 


270622-7 


Figure A-2. Full Schematic 
of a Motor-Control 
System 
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The 83CI52 is an 8OC51BHbased microcontroller with 
DMA capabilities and a high speed, multi-protocol, 
synchronous serial communication interface called the 
Global Serial Channel (GSC). The GSC uses packe- 
tized data frames that consist of a beginning of frame 
(BOP) flag, address byte(s), data byte(s), a Cyclic Re- 
dundancy Check (CRC), and an End Of Frame (EOp) 
flag. An example of this type of packet is shown in 
Figure 
1. Most 8OCl52 users will be familiar with 
UARTs, another type of serial interface. Figures I and 
2 compare the two types of frames. The UART uses 
start and stop bits with a data byte between as shown in 
Figure 2. The 83CI52 retains the standard MCS@-51 
UART. 


The 83CI52 will be referred to as the "Cl 52" through- 
out this application note to refer ~o the device. This 


application note deals with initializing and running the 
GSC in CSMA/CD mode only. Carrier Sense Multiple 
Access with Collision Detection (CSMA/CD) is a com- 
munication protocol that allows two or more stations to 
share a common transmission medium by sensing when 
the link is idle or busy (Carrier Sense). While in the 
process of transmission, each station monitors its own 
transmission to identify if and when a collision occurs. 
When a collision occurs, each station involved in the 
transmission executes a backofT algorithm and reat- 
tempts transmission (Collision Detection). This access 
method allows all stations an equal chance to transmit 
its own packet and thus is referred to as a "peer-to- 
peer" 
type 
protocol 
(Multiple 
Access). 
Even 
in 
CSMA/CD 
mode, the user has several variations that 
can be implemented. Table I summarizes the various 
CSMA/CD 
options available. Most of these variations 
will be discussed in this application note. 


~""' 
II"' 
"""X J,r 
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BOr 
I 
DATA 
I 
EOr 


~. 
16 BITS 
I 
16.32 
BITS I 


8. 32. 64 BITS 
ANY NUMBEROr OCTETS 
2 BITS 


270720-1 


Figure 
1. Packetlzed 
Frame 


STOP 
BIT 


Figure 2. UART Byte 


270720-2 
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Table 
1. CSMA/CD 
Variations 
Supported 
by C152 


CSMA/CD 
Parameter 
Options 
Supported 
by Hardware 


Preamble 
8-Bits 
32-Bits 
64-Bits 


Acknowledgement 
Hardware 
Software 


Backoff 
Algorithm 
Normal 
Alternate 
Deterministic 


CRC 
16-Bit 
32-Bit 


Address 
Recognition 
8-Bit 
16-Bit 
S/W Extendable 


Address 
Masking 
8-Bit 
16-Bit 
I 


Jam Type 
D.C. 
CRC 


GSC Servicing 
CPU 
DMA 


Data Source (Transmitter) 
External 
RAM 
Internal RAM 
SFR 


Data Destination 
(Receiver) 
External 
RAM 
Internal RAM 
SFR 


GSC Interface 
Direct 
Buffers 


Baud Rate 
1.709 KPBS (minimum) 
2.062 MPBS (maximum) 


# Collisions 
Permitted 
Ot08 


# of Slots (Deterministic 
Only) 
1 to 63 


Time Slot 
1 to 256 BITs 


IFS 
2 to 256 BITs 


In this application note initializing the GSC is covered 
first. Starting, maintaining, and ending transmissions 
and receptions will then be discussed. Included in these 
sections will be how interrupts are generated, the soft- 
ware needed to respond to interrupts, and restarting the 
process. There are four interrupts used in conjunction 
with the GSC. They are: Transmit Valid, Transmit Er- 
ror, Receive Valid, and Receive Error. A complete soft- 
ware example is shown in Appendix A. Included in the 
software are comments describing what and why cer- 
tain sections of code are needed. 


Figures 3 and 4 are flow charts that show the entire 
process of using the CI52 GSC under CPU or DMA 
control. 
Both flow charts 
begin with initialization 
which is described in the next section. Each step in the 
flow charts will be described. In general, the text com- 
bines CPU and DMA control of the GSC and discusses 
pros and cons of each. 


These flow charts were created from lab experiments 
performed with the C152. The purpose of the lab exper- 
iments was to implement a CSMA/CD 
link, over 
which data could be passed from one station to another. 
As a source for data to transmit and a method to dis- 
play the data received, two terminals were used. Con- 
necting two terminals together would not normally be 
encountered in an actual application. However. con- 
necting two terminals together provided a convenient 
configuration on which to develop the necessary soft- 
ware. Connecting two terminals also created a base 


from which the user could implement many different 
designs utilizing the software provided in Appendix A. 


The final experiment consisted of two parts: I) data 
received by the UART to be transmitted by the GSC 
and 2) data received by the GSC to be transmitted by 
the UART. In both cases a terminal was connected to 
the UART 
on each C152 and the GSC was under 
DMA control. There were eight external 120 byte buff- 
ers available. Four buffers were used to store the data 
received by the UART and four buffers used to store 
the data received by the GSC. 


As data is received from the UART each byte is exam- 
ined, placed in an external buffer and a counter incre- 
mented. Each byte is examined to see if it equals an 
ASCII "carriage return" (ODH). If a match occurs, the 
program assumes it is the end of a line and the end of 
the current buffer. Once a carriage return is detected, a 
line feed is added and the byte count incremented. The 
counter is then used to load the byte count register for 
the appropriate DMA channel. Once a buffer is closed 
it's flagged as having data available for the GSC to 
transmit. If the next buffer was not filled with data 
waiting to be transmitted by the GSC, it is made avail- 
able for receiving the next line. Once the GSC transmits 
the entire packet the buffer is flagged as empty and 
available for storing new data from the UART. 


When a packet is received by the GSC, the data is 
placed in an external buffer. When the packet ends, the 


2-250 


intel· 
AP-429 


This has all been subjected to limited testing in the lab 
and verified to work with two terminals. The software 
has only been developed to the point that the terminals 


may display each other's outgoing messages and no far- 
ther. This means that some error conditions are not 
resolved with the current version of the software. For 
instance, if two terminals transmit data at approximate- 
ly the same time, both messages may be displayed, even 
if the received data occurs within the middle of a sen- 
tence being typed. For reasons such as this, the soft- 
ware and hardware presented should not be used for a 
production product without thorough testing in the ac- 
tual application. 


number of bytes received is calculated. The current 
buffer is marked to indicate that the data is ready for 
output by the DART. The calculated byte count is used 
to identify how many bytes the DART should send to 
the terminal. When the DART sends the proper num- 
ber of bytes, the butTer is made available so that the 
GSC may store data in it. 


CPU Only 


270720-3 


Figure 3. GSC CPU Flow Chart 
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Figure 3. GSC CPU Flow Chart (Continued) 
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Figure 3. GSC CPU Flow Chart (Continued) 
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t-lAIN 
PROGRAt-l 
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Figure 4. GSC DMA Flow Chart 
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Figure 4. GSC DMA Flow Chart (Continued) 
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Xt,41T VALID 1Nl 
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RETl 
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Figure 4. GSC DMA Flow Chart (Continued) 
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During initialization, user software sets up the hard- 
ware in the GSC so that communication may begin and 
institute the parameters specified by the protocol. This 
can further be sub-divided into two more sections. The 
first deals with those items which will vary according to 
the protocol being implemented, referred to as protocol 
dependent. The second section deals with those items 
that need to be accomplished in the same manner re- 
gardless of the protocol and are referred to as protocol 
independent. Table 2 shows those items of initialization 
which are protocol dependent. Once set up, the items in 
Table 2 do not have to be repeated when starting a new 
reception or transmission. 


Table 2. Protocol 
Dependent 
Initialization 


baud rate 
preamble 
length 
backoff 
mode (random or deterministic) 
GRG 
interframe 
space (IFS) 
type of jamming 
signal used 
slot time 
addressing 
enabling 
Hardware 
Based Acknowledge 
(HBA) 


Table 
2 introduces 
two 
new terms 
that 
previous 
CSMA/CD users may not be familiar with; Hardware 
Based Acknowledge (HBA) and Deterministic Colli- 
sion Resolution (OCR). HBA is a method in which the 
GSC receiver hardware will acknowledge the reception 
of a valid frame and OCR is a collision resolution algo- 
rithm in which the user assigns a specific slot number 
to each station on the link. HBA will be covered in its 
own section, located later in this document. For a de- 
scription on OCR or more information on HBA, please 
refer to the 83CI52 Hardware Description in the 8-bit 
Embedded Controller Handbook (order # 270645). 


Table 3 shows items which are protocol independent. 
All of the items in Table 3, except for determining how 
the GSC is controlled, will need to be repeated after 
each GSC operation, before a reception or transmission 
starts again. 


Table 3. Protocol Independent Initialization 


clearing 
the collision 
counter 
register 
control 
of the GSG 
initializing 
DMA (only if used) 
initializing 
counters 
and pointers 
enabling 
the receiver and receive interrupts 
enabling 
the transmitter 
and transmit 
interrupts 


INITIALIZATION 
(PROTOCOL 
DEPENDENT) 


This section deals with those items which are part of 
initialization which vary according to the protocol be- 
ing implemented. These parameters 
will typically be 
dictated by rules of the protocol or hardware environ- 
ment. In addition, some parameters will vary according 
to the software implemented by the programmer. For 
instance, interframe space (IFS) is one of the parame- 
ters dependent on other software developed to imple- 
ment a protocol with the C152. 


BAUD RATE-When 
initializing the GSC baud rate 
there are two major considerations. The first is that the 
GSC baud rate can only be programmed in multiples of 
1/8 the oscillator frequency when using the internal 
2 


baud rate generator as shown in the formula given be- 
low. If a I MBPS rate is desired, the oscillator frequen- 
cy must be 16 MHz or 8 MHz. This becomes less crit- 
ical when the GSC baud rate is much lower than the 
desired oscillator frequency. 


Fosc 
GSC baud rate = (BAUD + 1) x 8 


UART baud rate _ 
(2smod) (Fosc) 
(Mode3) 
(256 - 
TH1) x 384 


The second major consideration only matters if the 
UART is used. In this case, when deciding on GSC 
baud rate and oscillator frequency the effect on the 
UART baud rate must be understood. As shown in the 
formula above, when using a timer in mode 3, baud 
rates generated for the UART are in multiples of 1/384 
the oscillator 
frequency. This means that 
standard 
UART baud rates such as 9600, 2400, 1200, etc. and 
common GSC baud rates such as 2 MBPS, I MBPS, 
and 640 KBPS, cannot be reached with any single oscil- 
lator frequency. This can be worked around with meth- 
ods such as externally clocking the timers. Externally 
clocking the GSC cannot be done when CSMA/CD 
is 
selected. For instance, the maximum oscillator frequen- 
cy that can be used to achieve a standard UART baud 
rate of 9600 is 14.7456 MHz, which works out to a 
maximum GSC baud rate of 1.8432 MBPS which can 
be further divided down by multiples of 8. The program 
example in Appendix A uses these values. 
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To select a desired baud rate, the Special Function Reg- 
ister BAUD is loaded with an appropriate number ac- 
cording to the previously given formula. For instance: 


MOV BAUD.#O 
;selects a baud rate 
;of 1/8 the oscillator 
;frequency 
or: 


MOV BAUD.#l 
;selects a baud rate 
;of 1/16 the oscillator 
;frequency 


at the other extreme: 


MOV BAUD.#OFFH 
;selects a baud rate 
;of 1/2048 the 
;oscillator 
frequency 
;(7.2K @ 14.7456 MHz) 


PREAMBLE 
LENGTH-A 
preamble 
serves 
four 
functions in CSMA/CD 
mode: to provide synchroniza- 
tion for the following frame, to contain the Beginning 
Of Frame flag (BOF), to let other stations on the link 
know that the link is being used, and to provide a win- 
dow where collisions may occur and automatically re- 
attempt transmission (backofl). Figure 5 shows what an 
eight-bit preamble would look like. 


The Cl52 receiver will synchronize to the first tran- 
sition and resynchronize on every following transition. 
For this reason a minimum preamble length can be 
used. On the Cl52 the minimum preamble length is 8- 
bits. However, due to network topography, other devic- 
es used, or the protocol being implemented, a larger 
number of transitions may be required. In these cases 
the Cl52 can be programmed for either a 32- or 64-bit 
preamble. 


To select an 8-bit preamble: 


GMOD = XXXXXOIX 


To select a 32-bit preamble: 


GMOD = XXXXXIOX 


To select a 64-bit preamble: 
GMOD = XXXXXIIX 


BACKOFF 
MODE-The 
Cl52 
has three types of 
backoff modes: Normal 
Backoff, Alternate 
Backoff, 


and Deterministic Backoff. Normal backoff and alter- 
nate backoff are very similar and the only difference 
between them is when the slot timer begins counting 
time slots. 


In normal backoff each station randomly chooses a slot 
based on the number of collisions that have previously 
occurred. After the idle (EOF) is detected, the inter- 
frame space timer and slot time timer begin at the same 
time. Since all devices are prevented from beginning a 
transmission during the interframe space, that amount 
of time is taken away from a device which has chosen 
slot O. When a slot time is significantly larger than the 
interframe space, this should pose no problem as slot 0 
will still provide a window for the device to begin trans- 
mission. There is a problem when the interframe space 
is larger than the slot time. In this case, if a device 
chooses slot 0, it will not be allowed to transmit because 
the interframe space has not yet expired. This decreases 
efficiency of the backoff algorithm and reduces band- 
width. Normal backoff should be used when the slot 
time is greater than the interframe space period. 


In alternate backoff, after the idle is detected, only the 
interframe space timer begins. When the interframe 
space timer expires, the slot time timer begins. This 
results in extending the total amount of time spent in 
the backoff algorithm but preserves the entire amount 
of time for each slot that may be selected. Alternate 
backoff is recommended when the slot time is less than 
or equal to the interframe space period. 


The deterministic backoff mode is a new resolution 
mode introduced by the C152. Deterministic backoff 
utilizes peer-to-peer communication 
while in normal 
transmission mode, and a prioritized or a deterministic 
algorithm while performing the resolution. Determi- 
nistic backoff operates by following standard CSMA 
rules when attempting to transmit a packet for the first 
time. However, if a collision is detected each station is 


WAVEFORM 


LOGIC 


LEVEL 
10101011 
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Figure 5. 8-Blt Preamble 
(also HBA Waveform) 
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restricted to only transmit during its assigned slot. The 
slot number is assigned by the user and up to 63 slots 
are available. A more detailed description on determi- 
nistic backofT is in the 8OCl52 Hardware Description 
chapter in the 8-bit Embedded Controller Handbook. 
Deterministic backofT is recommended if there are 64 
stations or less in a network and the user wishes to 
remove the uncertainty that arises when using one of 
the other two random resolution methods already de- 
scribed. Another reason for using deterministic resolu- 
tion is if a user wishes to assign a priority to one sta- 
tion's messages over that of another station's during the 
collision resolution period. The user should be aware 
that most CSMAlCD protocols that already have stan- 
dards associated with them preclude the use of determi- 
nistic backofT. 


To select normal backofT: 
GMOD 
= XOOXXXXX 
MYSLOT = XOXXXXXX 


To select alternate backofT: 


GMOD = XIIXXXXX 
MYSLOT = XOXXXXXX 


To select deterministic backofT: 


GMOD = XIIXXXXX 
MYSLOT = XIXXXXXX 


CRC-The 
CI52 ofTersa choice of two types ofCRC. 


One type of CRC is CRC-CCITT 
(16-bit) used in 
HDLC (Reference I). The second CRC available is 
named AUTODIN-II 
(32-bit) which is used in 802.3 
(Reference 2). The following formulas give the CRC 
generating polynomial of each. 


CRC-CCITT 
= XI6 + XI2 + X5 + 


AUTODIN-II 
= X32 + X26 + X23 + 
X22 + XI6 + XI2 + 
XII + XIO + X8 + 
X7 + X5 + X4 + 
X2+X+I 


The selection of which CRC to use is normally dictated 
by the protocol being implemented. When selecting a 
CRC, the user should remember that the CRC length 
also determines the jam time, which in turn will afTect 
the slot time. 


To select the 16-bit CRe: 
GMOD = XXXXO;.;:XX 


To select the 32-bit CRC: 


GMOD = XXXXIXXX 


INTERFRAME 
SPACE-The 
interframe space pro- 
vides a period of time for the receiver and physical me- 
dium to fully recover from a previous reception and be 
prepared to accept a new message. To fulfill these re- 
quirements the value programmed into IFS should be 
greater than or equal to the "turn around" 
time plus 
round trip propagation time. "Turn around" time is the 
amount of time it takes for a receiver to be re-enabled 
after having just received a previous packet. Calculat- 
ing worst case turn around time is very complicated 
when the GSC is under CPU control. This is because 
the Receive Done bit (RDN), which signifies the end of 
a received packet, does not generate an interrupt. The 
user is required to periodically poll Receive Done to 
ascertain when incoming packets are complete. Since 
the polling sequence is sometimes altered by interrupts, 
these delays must also be taken into account when de- 
ciding what interframe space will be used. As an alter- 
native, the user could choose to set-up a timer that will 
periodically poll the receive done bit and give a more 
reliable idea of what the turn around time will be. This 
will require that the timer interrupt be assigned a high- 
er priority than any of the other interrupts. Since the 
RDN bit will be set approximately two bit times after 
the last CRC bit is received, in some situations it is 
possible to add a delay to a receive valid interrupt and 
check Receive Done just prior to leaving the routine. 
As a last resort a user could ignore the maximum re- 
sponse time and instead pick a number that works most 
of the time. The only negative result of doing this is 
that some frames may be missed. If acknowledgements 
are used, that frame would be retransmitted. However, 
if acknowledgements are not used, the data would be 
lost forever. 


The programming quantum for interframe space is in 
bit times where a bit time is equal to l/baud 
rate. The 
only hardware restrictions the CI52 places on inter- 
frame space is that the number programmed must be 
even and the maximum value is 256 bit times. Other 
than that, the user can decide what interframe space 
value will be used. The interframe space should be the 
same for all stations on any given network. 


To program the interframe space: 
IFS = nnnnnnnO 


where nnnnnnnO = number of bit times programmed 
by the user. 


The following two examples show the actual code the 
C152 will execute in response to a receive interrupt. 
Only those portions of the code associated with servic- 
ing the interrupt are shown. Added to this software, on 
the left edge, is the number of machine cycles it takes to 
execute each instruction. With this extra information 
the required interframe space can be calculated by to- 
taling the number of machine cycles. 
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The first example 
gives the flow used for a valid GSC 
reception 
and the other 
example 
shows the steps taken 
to service 
an invalid 
reception. 
These 
examples 
were 
created 
by 
first 
implementing 
a working 
prototype. 
Once completed, 
the software 
used to service the appro- 
priate 
interrupt 
was pulled out, selecting 
the worst case 
(longest) 
flow. 
Finally, 
each 
step 
was 
sequentially 
pieced 
together 
to 
demonstrate 
how 
the 
application 
services an interrupt. 
These software 
fragments 
are tak- 
en from the program 
in Appendix 
A. 


The total number 
of machine 
cycles it takes to service a 
valid reception 
(59 cycles) 
or an invalid 
reception 
(115 
cycles) 
is also given. 
As shown, 
an invalid 
reception 
takes 
the 
longest 
amount 
of time 
to service. 
To 
115 
cycles 
we add 
maximum 
interrupt 
latency, 
which 
is 9 
machine 
cycles. The total comes out to be 124 machine 
cycles. It should 
be mentioned 
that the typical 
interrupt 
latency 
in the CI52 
would 
be about 
5 machine 
cycles. 


A 9 machine 
cycle latency 
can only occur 
if the inter- 
rupt 
happens 
during 
an access 
to an interrupt 
register 
followed 
by a multiply 
or divide 
instruction 
and 
as- 
sumes 
that 
the receive 
error 
interrupt 
is the only high 
priority 
interrupt. 


A 
bit 
time 
works 
out 
to 
be 
8 
oscillator 
periods 
(BAUD 
= 0) in this example. 
To calculate 
the number 
to load 
into 
IFS 
the 
following 
formula 
is used. 
"12" 
comes 
about 
from 
the 
12 oscillator 
periods 
that 
make 
up a machine 
cycle. 


IFS = 12 x (" of machine cycles to service the interrupt) 
(" of oscillator periods per bit time) 


This works 
out to be: 


(12 x 124)/8 
= 186 


This 
number 
should 
have 
a guardband 
added 
in case 
minor 
changes 
must be made 
in the routines. 
Since the 
only 
other 
enabled 
interrupt 
is the 
UART, 
a small 
guardband 
of 10 was used. The interframe 
space chosen 


is 196. 
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(# of 
machine 
LOC 
OBJ 
LINE 
SOURCE 
cycles 
002B 
358 
ORG 
2BH 
359 
GSC_REC_VALID: 
(2). 
002B 
020568 
360 
JMP 
GSC_VALID_REC 
361 
1680 
GSC_VALID_REC: 
(2) 
0568 
C082 
1682 
PUSH 
DPL 
(2) 
056A 
C083 
1683 
PUSH 
DPH 
(2) 
056C 
COEO 
1684 
PUSH 
ACC 
(2) 
056E 
CODO 
1685 
PUSH 
PSW 
(2) 
0570 
7lBO 
1688 
CALL 
NEW_BUFFER2_IN 
1689 
1031 
NEW_BUFFER2_IN: 
(2) 
03BO 
207343 
1064 
JB GSC_IN_MSB.GSC_IN_2 
1067 
1168 
GSC_IN_2D_2A: 
(2) 
03F6 
20721E 
1170 
JB GSC_IN_LSB.GSC_IN_2 
1172 
1173 
GSC_IN_2D: 
(2) 
03F9 
2074F6 
1175 
JB BUF2D_ACTIVE.BUFFER 
(2) 
03FC 
758200 
1179 
MOV 
DPL.#LOW 
(BUF2C_ST 
(2) 
03FF 
758303 
1180 
MOV 
DPH.#HIGH 
(BUF2C_S 
(1) 
0402 
C3 
1184 
CLR 
C 
(1) 
0403 
7476 
1186 
MOV 
A.#(MAX_LENGTH) 
- 
(1) 
0405 
95F2 
1192 
SUBB 
A.BCRLl 
(2) 
0407 
FO 
1194 
MOVX 
@DPTR.A 
(1) 
0408 
D275 
1197 
SETB 
BUF2C_ACTIVE 
(1) 
040A 
D272 
1202 
SETB 
GSC_IN_LSB 
(1) 
040C 
D273 
1203 
SETB 
GSC_IN_MSB 
(2) 
040E 
757981 
1206 
MOV 
GSC_INPUT_LOW.#LOW 
(2) 
0411 
757803 
1207 
MOV 
GSC_INPUT_HIGH.#HI 
(2) 
0414 
020432 
1211 
JMP 
NEW_BUF2_IN_END 
1212 
1251 
NEW_BUF2_IN_END: 
(2) 
0432 
8579D2 
1253 
MOV 
DARLl.GSC_INPUT_LO 
(2) 
0435 
8578D3 
1254 
MOV 
DARHl.GSC_INPUT_HI 
(2) 
0438 
75F300 
1258 
MOV 
BCRHl.#O 
(2) 
043B 
75F278 
1259 
MOV 
BCRLl.#MAX_LENGTH 
(2) 
043E 
22 
1261 
RET 
1263 
(1) 
0572 
439301 
1693 
ORL 
DCONl.#Ol 
(2) 
0575 
D2E9 
1695 
SETB 
GREN 
(2) 
0577 
DODO 
1697 
POP 
PSW 
(2) 
0579 
DOEO 
1698 
POP 
ACC 
(2) 
057B 
D083 
1699 
POP 
DPH 
(2) 
057D 
D082 
1700 
POP 
DPL 
(2) 
057F 
32 
1702 
RETI 


59 TOTAL 
CYCLES 


Example 
1. GSC Receive 
Valid Service 
Routine 
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(# of 
machine 
LOC 
OBJ 
LINE 
SOURCE 
cycles 
0033 
362 
ORG 33H 
363 
GSC_REC_ERROR: 
(2) 
0033 
020580 
364 
JMP GSC_ERROR_REC 
365 
1703 
GSC_ERROR_REC: 
(2) 
0580 
C082 
1705 
PUSH DPL 
(2) 
0582 
C083 
1706 
PUSH DPH 
(2) 
0584 
COEO 
1707 
PUSH ACC 
(2) 
0586 
CODO 
1708 
PUSH PSW 
1735 
RCABT_CHECK: 
(2) 
0588 
30EE07 
1736 
JNB RCABT,OVR_CHECK 
1737 
1744 
OVR_CHECK: 
(2) 
0592 
30EF07 
1745 
JNB OVR,CRC_CHECK 
1746 
1753 
CRC_CHECK: 
(2) 
059C 
30EC07 
1754 
JNB CRCE,AE_CHECK 
(2) 
059F 
78E7 • 
1756 
MOV ERROR_POINTER,#CRC 
(2) 
05A1 
5175 
1758 
CALL INCREMENT_COUNTER 
1759 
560 
INCREMENT_COUNTER: 
(1) 
0275 
D3 
562 
SETB C 
(1) 
0276 
7F06 
564 
MOV R7,#6 
565 
566 
INC_COUNT_LOOP: 
(1*6) 
0278 
E6 
568 
MOV A,@ERROR_POINTER 
(1*6) 
0279 
3400 
570 
ADDC A,#O 
(1*6) 
027B 
F6 
572 
MOV @ERROR_POINTER,A 
(1*6) 
027C 
18 
574 
DEC ERROR_POINTER 
(2*6) 
027D 
DFF9 
576 
DJNZ R7,INC_COUNT_LOOP 
(2) 
027F 
4001 
578 
JC COUNTER_OVERFLOW 
588 
589 
COUNTER_OVERFLOW: 
(2) 
0282 
22 
591 
RET 
592 
(2) 
0281 
22 
587 
RET 
588 
(2) 
05A3 
0205AA 
1760 
JMP REC_ERROR_COUNT_END 
1761 
1767 
REC_ERROR_COUNT_END: 
(2) 
05AA 
71BO 
1772 
CALL NEW_BUFFER2_IN 
1773 
1031 
NEW_BUFFER2_IN: 
1063 
(2) 
03BO 
207343 
1064 
JB GSC_IN_MSB,GSC_IN_2 


1168 
GSC_IN_2D_2A: 
(2) 
03F6 
20721E 
1170 
JB GSC_IN_LSB,GSC_IN_2 
1171 


Example 
2. GSC Receive 
Error Service 
Routine 


2-262 


intel· 
Ap·429 


(# of 
machine 
LOC 
OBJ 
LINE 
SOURCE 
cycles 
1172 
ORG 33H 
1173 
GSC_IN_2D: 
(2) 
03F9 
2074F6 
1175 
JB BUF2D_ACTIVE,BUFFER 
(2) 
03FC 
758200 
1179 
MOV DPL,#LOW 
(BUF2C_ST 
(2) 
03FF 
758303 
1180 
MOV DPH,#HIGH 
(BUF2C_S 
(1) 
0402 
C3 
1184 
CLR C 
(1) 
0403 
7476 
1186 
MOV A,#(MAX_LENGTH) 
- 
(1) 
0405 
95F2 
1192 
SUBB A,BCRLl 
(2) 
0407 
FO 
1194 
MOVX @DPTR,A 
(1) 
0408 
D275 
1197 
SETB BUF2C_ACTIVE 
(1) 
040A 
D272 
1202 
SETB GSC_IN_LSB 


(1) 
040C 
D273 
1203 
SETB GSC_IN_MSB 
(2) 
040E 
757981 
1206 
MOV GSC_INPUT_LOW,#LOW 


(2) 
0411 
757803 
1207 
MOV GSC_INPUT_HIGH,#HI 
(2) 
0414 
020432 
1211 
JMP NEW_BUF2_IN_END 
1212 
1251 
NEW_BUF2_IN_END: 
(2) 
0432 
8579D2 
1253 
MOV DARL1,GSC_INPUT_LO 
(2) 
0435 
8578D3 
1254 
MOV DARH1,GSC_INPUT_HI 
(2) 
0438 
75F300 
1258 
MOV BCRH1,#0 
(2) 
043B 
75F278 
1259 
MOV BCRL1,#MAX_LENGTH 
(2) 
043E 
22 
1261 
RET 
1262 
(2) 
05AC 
439301 
1774 
ORL DCOtH,#Ol 
(1) 
05AF 
D2E9 
1776 
SETB GREN 
(2) 
05Bl 
DODO 
1778 
POP PSW 
(2) 
05B3 
DOEO 
1779 
POP ACC 
(2) 
05B5 
D083 
1780 
POP DPH 
(2) 
05B7 
D082 
1781 
POP DPL 
(2) 
05B9 
32 
1783 
RETI 


115 TOTAL Cycles 


Example 
2. GSC Receive 
Error Service 
Routine (Continued) 


JAMMING 
SIGNAL-The 
purpose of a jam is to in- 
sure all stations on a link detect that a collision has 
occurred and reject that frame. To meet this need, the 
C152 offers two types of jamming signals. One type of 
jam is the D.C. jam (Figure 6) and another type is 
called the CRC (Figure 7) jam. A jam is forced by the 
TxD pin after a collision is detected but after the pre- 
amble ends if the preamble is not yet complete. The 
D.C. jam forces a constant logic "0" for a period of 
time equal to the CRC length. The CRC jam takes the 
CRC calculated up to the point when a collision occurs, 
complements the CRC, and transmits that pattern. The 
CRC jam should be used when A.C. coupling is used in 


a network. A.C. coupling normally implies that pulse 
transformers or capacitors are used to connect to the 
serial link. In these types of circuit interfaces, the D.C. 
jam may not be passed through reliably. One drawback 
of the CRC jam is that it does not always guarantee 
that all stations on a link will detect the jamming signal 
as there are no Manchester code violations inherent in 
the waveform. The D.C. jam is recommended whenever 
it can be used since this type of jam will always be 
detected by forcing Manchester code violations. Some 
protocols specify a specific type of jam signal that 
should be used and the user will have to decide if the 
C152 can fu1fillthose requirements. 


D.C. JAM 
::+-i +++++-+-+-r-+-+++++-+-II 


270720-12 


Figure 6. D.C. Jam 
2-263 


intel· 
AP-429 


I 
I 
:0: 1:0:0: 1:0: 1 1: 1:0:0: 1:0:0:0:0: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
:1:0: 1:1:0: 1:00:0: 
1:1:0: 1:1:1: 1: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
JAM 
WAVEFORM 


... 


:::lE 
>= 
t: 
ID 


CRC 
JAM 
CALCULATED 
CRC 


INVERTED 
CRC 


270720-13 


Figure 
7. CRC Jam 


To select D.C. jam: 
MYSLOT =-IXXXXXXX 


To select CRC jam: 


MYSLOT = OXXXXXXX 


SLOT TIME-In 
CSMA/CD 
networks a slot time 
should be equal to or larger than the sum of round trip 
propagation time plus maximum jam time. The slot 
time is used in the backoff algorithm as a rescheduling 
quantum. The slot time is programmed in bit times and 
in the C152 can vary from 1 to 256. 


To program the slot time: 


SLOITM 
= nnnnnnnn 


ADDRESSING-When 
discussing the subject of ad- 
dressing with respect to the C152, the subject should be 
broken down into three major topics. These topics are: 
address length, assignment of addresses, and address 
masking. 


Address Length-The 
C152 gives a user a choice of 
either 8 or 16bits of address recognition. To select 8-bit 
addressing the user must set the AL bit in GMOD to O. 
Setting AL to 1 selects 16-bit addressing. Address rec- 
ognition can be extended with software by examining 
subsequent bytes for a match. The only part of the GSC 
hardware that utilizes address length is the receiver. 
The receiver uses address length to determine when an 
incoming packet matches a user assigned address. Since 
transmission of addresses is done under software con- 
trol, the transmitter does not use the address length bit. 
All bits following BOF are loaded into RFIFO, includ- 
ing address. The transmit circuitry is involved with ad- 
dressing only ifHBA is used. In this case, when HBA is 
selected, the transmitter must know whether or not the 
sending address was even or odd. Even addresses re- 
quire an acknowledgement back and odd addresses do 
not. 


When transmitting, the user must insert a destination 
address in the frame to be transmitted. This is done by 
loading the appropriate address as the first byte or two 
bytes of data. If a source (sending) address is also to be 
sent, the user must place that address into the proper 
position within a packet according to the protocol being 
implemented. 


To select 8-bit addresses: 


GMOD = XXXOXXXX 


To select 16-bit addresses: 


GMOD = XXXIXXXX 


Address Assignment-When 
assigning an address to a 
station, there are several factors to consider. To begin 
with, there are four 8-bit address registers in the C152: 
ADRO, ADRl, ADR2, and ADR3. These registers are 
initialized to 00 after a valid reset. For this reason it is 
recommended that no assigned addresses should equal 
O.Also, since there are four address registers, a user has 
a minimum of two addresses which can be assigned to 
each station when using 16-bit addressing or four ad- 
dresses when using 8-bit addressing. Those registers not 
used do not need to be initialized. When using 16-bit 
addresses ADRl:ADRO 
form one 16-bit address and 
ADR3:ADR2 
form a second address. The C152 will 
always recognize an address consisting of all Is, which 
is considered a "broadcast" 
address. An address con- 
sisting of all Is should not be assigned to any individual 
station. 


There are many methods used to assign addresses. 
Some suggestions are: reading of a switch, addresses 
contained in actual program code, assignment by an- 
other node, or negotiated with the system. As men- 
tioned earlier, if HBA is being used then the LSB of the 
address must be 0 when acknowledgements are expect- 
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ed. Since more than one address can be assigned per 
station it is possible to use or not use HBA within the 
same station. This would work by assigning one address 
that would be even for when acknowledgements are re- 
quired and another assigned address would be odd for 
those occasions when acknowledgements are not need- 
ed. 


To assign an 8-bit address: 


ADRO = nnnnnnnn 


and optionally: 


ADRl 
xxxxxxxx 
ADR2 
yyyyyyyy 
ADR3 
zzzzzzzz 


To assign a 16-bit address: 


ADRO 
nnnnnnnn 
(lower byte) 
ADRl = 
xxxxxxxx 
(upper byte) 


and optionally: 


ADR2 
yyyyyyyy 
(lower byte) 
ADR3 = 
zzzzzzzz (upper byte) 


where xxxxxxxx, yyyyyyyy, zzzzzzzz are addresses to 
be assigned. 


In this example there are 5 nodes (A, B, C, D, and E) 
signed to each peripheral: bit I to terminals, bit 2 to 
with up to 4 common peripherals. The peripherals 
keyboards, bit 3 to printers, and bit 4 to modems. 


are: terminals, keyboards, printers, and modems. As- 
Figure 8 shows how this addressing is mapped. 


suming 8-bit addressing, a specific address bit is as- 


ADDRESS 
I 
BIT7 
I 
BIT6 
I 
BIT5 
I 
BIT 4 
I 
BI[3 
I 
BIT2 
~1 
I 
BITO 
I 


I 
I 
I 
I 
I 
I 


N.U. 
N.U. 
N.U. 
MODEM 
KEYBOARD 
GROUP 


PRINTER 
TERMINAL 
ADDR 
N.U. = NOT USED 


Figure 8. Group Addressing 
Map 


Bit 0 is used to differentiate between group addresses 
The next step is to assign each station's address and 
and individual addresses. If bit 0 = I, then the ad- 
address mask. These are determined by the attached 
dress is a group address, if bit 0 = 0, then the address 
peripherals. A I is placed in the address register bit 
is an individual address. This also complies with the 
and address mask register bit if that station has an 
HBA requirements ifHBA is enabled. Table 4 defines 
appropriate device. A 1 in the address register is not 
which stations have which peripherals. 
used since it is masked out, but will make it easier for 
a person not familiar with this specific software to 
Table 4. Peripheral 
Assignment 
for Example 3 
follow the program. 


Station A: 
Terminal, 
Keyboard 


Station B: 
Printer, Modem 
Station C: 
Terminal 
Station 0: 
Printer 
Station 
E: 
Terminal, 
Keyboard, 
Printer, Modem 


Address 
Address 
Mask 


BIT I 
7 I 6 I 5 I 
4 I 3 I 2 I 
1 I 
0 I 
I 
7 I 6 I 5 I 
4 I 3 I 
2 I 
1 I 
0 


A: 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
1 
1 
0 
B: 
0 
0 
0 
1 
1 
0 
0 
1 
0 
0 
0 
1 
1 
0 
0 
0 
C: 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0: 
0 
0 
0 
0 
1 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
E: 
0 
0 
0 
1 
1 
1 
1 
1 
0 
0 
0 
1 
1 
1 
1 
0 


EXAMPLE 
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Address Masking-The 
CI52 has two 8-bit address 
mask registers named AMSKO and AMSK I. Bits in 
AMSKO correspond 
to bits in ADRO and bits in 
AMSKI correspond to bits in ADRI. Placing a I into 
any bit position in AMSKn causes the corresponding 
bit in ADRn to be disregarded when searching for an 
address match. 


To implement address masking: 
AMSKO = nnnnnnnn 


and optionally: 
AMSK I = nnnnnnnn 


where n = I for a "don't care address bit" 
or n = 0 for a "do care address bit" 


There are two main uses for the address masking capa- 
bilities of the C152. The first and simplest use is to 
mask off all address bits. In this mode the C152 will 
receive all messages. This type of reception is called 
"promiscuous" mode. The promiscuous mode could be 
used where all traffic would be monitored by a supervi- 
sory node to determine traffic patterns or to classify 
what information is being transferred between which 
nodes. 


A second use of masking registers is to group various 
nodes together. Typically, stations are grouped together 
which have something in common, such as functions or 
location. Another term used when discussing group ad- 
dresses is "multi-cast" addressing. Example e3 demon- 
strates how multi-cast addressing might be used. 


Finally, to communicate with any station that has a 
printer, the addressסס001001 would be sent and sta- 
tions B, D, and E would receive the data. There are 
some limitations to using this type of scheme. Some of 
the more obvious are: the number of groupings is limit- 
ed to the number of address bits minus I, and it is not 
possible to address those stations that have a combina- 
tion of attached peripherals, e.g., those stations with 
keyboards AND 
terminals. These problems can be 
solved using more elaborate addressing schemes. 


HBA-Hardware 
Based Acknowledge 
(HBA) 
is a 
hardware 
implemented 
acknowledgment 
mechanism. 
The acknowledgement consists of a standalone pream- 
ble. An example of a preamble is shown in Figure 5. An 
acknowledgment will be returned by the receiver if: 


• no hardware 
detectable errors are found in the 
frame 


• the address is an individual address (LSB = 0) 
• the transmitter is enabled (TEN = I) 
• HBA is set 


An originating transmitter will expect and accept the 
acknowledgment if: 


• HBA is set 
• the receiver is enabled (GREN = I) 
• the address sent out was an individual 
address 
(LSB = 0) 


If a partial or corrupted preamble 'is received or the 
preamble is not completed within the interframe space, 
the NOACK bit is set by the station that originally 
initiated transmission. HBA is a user selectable option 
which must be enabled after a reset. 


The HBA method informs the original transmitter that 
a packet was received with no detected errors which 
saves the overhead and time that would normally be 
required to send a software generated acknowledgment 
for a valid reception. Some functions that other ac- 
knowledgment schemes implement yet are not encom- 
passed when using HBA with a CI52 is to identify 
packets which are out of sequence or frames which are 
of a wrong type. 


To enable HBA: 


RSTAT = XXXXXXXl 


INITIALIZATION-PROTOCOL 
INDEPENDENT 


Discussion so far has centered on those elements of ini- 
tialization which will vary according to the protocol 
being implemented. As such, the protocol in many cas- 
es will dictate what values to use for initialization. In 
addition, there are some parameters set during initiali- 
zation that will remain the same regardless of which 
protocol is being implemented. There are also some pa- 
rameters which may vary for reasons other than which 
protocol is being used. These parameters are grouped 
together to form the protocol independent initialization 
functions. The following sections cover these elements 
of initia1ization. The discussion of initialization param- 
eters is complete when the text covering "Starting, 
Maintaining, and Ending Transmissions" begins. 


CLEARING 
COLLISION 
COUNTER-A 
transmis- 
sion collision detect counter (TCDCNT) keeps track of 
the number of collisions that have occurred. It does this 
by shifting a I into the LSB for each collision that oc- 
curs 
during 
transmission 
of the 
preamble. 
When 
TCDCNT overflows, the CI52 stops transmitting and 
sets TCDT. Setting TCDT signals that too many colli- 
sions have occurred and can cause an interrupt. TCDT 
also is set if a collision occurs after the GSC has ac- 
cessed TFIFO, During normal transmission, TCDCNT 
can be read by user software to determine the number 
of collisions, if any, that have occurred. Before starting 
the second and subsequent transmissions, it is possible 
that TCDCNT already has bits shifted in from a previ- 
ous transmission. This would cause TCDCNT to over- 
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flow prematurely. In order to preserve the full band- 
width of 8 retransmissions, TCDCNT must be cleared 
prior to beginning any new transmission. 


To clear the collision counter: 
TCDCNT = 0 


CONTROL 
OF THE GSC-"Control 
of the GSC" 
specifies how bytes are loaded into the transmitter 
(TFIFO) and unloaded from the receiver (RFIFO). A 
user has the choice of moving data to or from the GSC 
under control of either user software or the DMA 
channels. 


CPU Control-CPU 
control is the simplest method of 


_servicing the GSC and allows the most control. The 
major drawback to CPU control is that a significant 
amount of time is spent moving data from the source to 
the destination, 
incrementing 
pointers and counters, 
checking flags, and determining when the end of data 
occurs. In addition, how the GSC interrupts function 
differs from when the GSC is under CPU control than 
when the GSC is under DMA control. Under CPU 
control, valid GSC interrupts occur when either RFNE 
(Receive Fifo Not Empty) or TFNF 
(Transmit Fifo 
Not Full) are set. The transmit error and most of the 
receive error interrupts still function the same regard- 
less of which type of control is used on the GSC. The 
only difference in how receive error interrupts operate 
is that the UR (UnderRun) bit for the receiver is opera- 
tional when the GSC is under DMA control. UR is 
disabled when under CPU control. 


DMA 
Control-DMA 
control relieves the CPU of 
much of the overhead associated with serving the GSC 
and allows faster baud rates. However, the reader must 
realize that more details about a "yet to be transmitted 
packet" must be known to properly initialize the DMA 
channels prior to starting a transmission. In some situa- 
tions, especially at high baud rates, the user must take 
into account DMA cycles that occur asynchronously 
and without any user control or knowledge. This could 
possibly disrupt other time critical tasks the CI52 is 
performing. There may be no indication to a user that 
other ongoing tasks are being interrupted by DMA cy- 
cles taking over the bus and momentarily 
stopping 
CPU action. 


When the DMA is used to service the GSC, the DMA 
channels will also need to be initialized and the GSC 
interrupts configured to operate in DMA mode. The 
main advantages of using DMA control is time saved 
and interrupts occur only when there is an error or 
when the GSC operation (receive or transmit) is done. 
This removes the necessity of continuously 
polling 
RDN and TDN bits to determine when a GSC opera- 
tion is complete. 


One of the most important facts to remember when 
deciding how to service the GSC is that unless the GSC 
baud rate is relatively low compared to the CPU oscil- 
lator frequency, the only method that can keep up with 
the receiver or transmitter is DMA control As a rule of 
thumb, if a user is willing to use 100% of available 
bandwidth of the CI52 and no other interrupts are en- 
abled besides the GSC, the maximum baud rate works 
out to be approximately 4.5% of the oscillator frequen- 
cy. This is based on a 9 instruction cycle interrupt la- 
tency, moving a byte of data, return from interrupt and 
executing one more instruction before the next GSC 
byte is transmitted 
or received. At an oscillator fre- 
quency of 16 MHz, this works out to 720K bits per 
second. There are many steps a user could take to in- 
crease the baud rate when the GSC is under CPU con- 
trol as this scenario is only a simple situation using 
worst 
case assumptions. 
Taking 
into 
account 
the 
amount of time available for the CPU to service the 
GSC as more tasks are required by the service routines 
or the CPU would further lower the maximum baud 
rate. For instance, if a user intended that GSC support 
only took 10% of available CPU time, this would re- 
duce the effective baud rate by a factor of ten, making 
the maximum bit rate 72K. This 10% figure is an aver- 
age over the period it takes to complete a frame. Situa- 
tions might arise such that spurious GSC demand cy- 
cles would require much more than 10% of available 
time for short intervals. 


INITIALIZING 
DMA-Since 
CSMA/CD is selected, 
it is by definition half-duplex. In half-duplex mode, 
only one DMA channel is needed to service both trans- 
mitter and receiver. However, it is simpler and easier to 
explain if both DMA channels are used. The following 
text is written under an assumption that both DMA 
channels will be used to service the GSC. Regardless of 
whether the DMA channel is servicing the receiver or 
transmitter, 
the 
DMA 
DONE 
interrupt 
generally 
should not be enabled. Also, the DMA bit in TSTAT 
must always be set. The GSC valid transmit and valid 
receive interrupts 
occur when RDN or TDN is set. 
This also eliminates a need to poll RDN or TDN to 
determine when a reception or transmission has ended, 
as is necessary when the GSC is under CPU control. 


The DMA channel servicing the transmitter must have: 


Destination Address = TFIFO (085H) 
Increment Destination Address (IDA) = 0 
Destination Address Space (DAS) = I 
Demand Mode (OM) = I 
Transfer Mode (TM) = 0 


The source of data can be SFR space, internal RAM or 
external RAM. The byte count must be equal to the 
number of bytes to be transmitted, as this determines 
when a packet ends. TEN should be set before the 
DMA GO bit. It takes one bit time after TEN is set 
before the transmitter 
is enabled. The transmit valid 
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interrupt 
should 
be enabled 
after 
TEN 
is set. 
Since 
CSMA/CD 
is half 
duplex, 
it 
doesn't 
matter 
which 
DMA 
channel 
services 
the receiver 
or transmitter, 
as 
only one DMA 
channel 
will be active at any time. 


The DMA 
channel 
servicing 
the receiver 
must 
have: 
Source 
Address 
= RFIFO 
(OF4H) 
ISA = 0 
SAS = 1 
DM 
= I 
TM = 0 


The 
destination 
for data 
can 
be SFR 
space, 
internal 
RAM 
or external 
RAM. 
The byte count 
must be equal 
to or greater 
than 
the number 
of bytes 
to be received. 
Setting 
the byte count 
to OFFFFH 
(64K) 
is one way of 
covering 
all packet 
lengths. 
GREN 
should 
be set after 
the DMA 
GO bit. The receive valid interrupt 
should be 
enabled 
after 
GREN 
is set. It takes 
one bit time after 
GREN 
is set before 
the receiver 
is enabled 
and for the 
error bits and RDN 
to be cleared. 
Before GREN 
is set, 


the 
user 
software 
should 
ensure 
that 
the 
RFIFO 
is 
cleared. 
Setting 
GREN 
does not clear the receive FIFO 
as stated 
in the hardware 
description. 


INITIALIZING 
COUNTERS 
AND 
POINTERS: 


Whether 
using DMA 
or CPU 
control, 
pointers 
will be 
required 
to load 
the correct 
bytes 
for the transmitter 
and 
to store 
received 
bytes 
in their 
proper 
location. 


Counters 
are required 
when 
the GSC 
is under 
DMA 
control 
in order 
to keep the DMA 
channel 
active 
dur- 
ing the 
reception 
of an entire 
frame 
and 
to identify 
when a transmitted 
frame 
is to be ended. 
Counters 
are 
optional 
if the 
CPU 
is used 
to service 
the 
GSC, 
al- 
though 
its usefulness 
might 
be questioned. 


When 
the GSC is under 
DMA 
control, 
the data point- 
ers used are destination 
address 
registers 
(DARLn 
and 
DARHn) 
for the DMA 
channel 
responsible 
for the re- 
ceiver 
and 
source 
address 
registers 
(SARLn 
and 
SARHn) 
for the DMA 
channel 
servicing 
the transmit- 
ter. The counters 
used are byte count 
registers 
(BCRLn 
and BCRHn) 
for the appropriate 
DMA 
channel. 


The 
byte 
count 
for 
the 
transmitting 
DMA 
channel 
must 
be known 
and 
loaded 
prior 
to beginning 
actual 
transmission. 
Transmission 
begins when TEN 
and GO 
are set. The reason the byte count must be known 
prior 
to transmission 
is that when the counter 
reaches 
0, the 
DMA 
stops loading 
data into TFIFO, 
and once TFIFO 
is emptied 
the 
GSC 
assumes 
a transmitted 
packet 
is 
complete. 
For the receiver 
the byte count 
can be set to 
the frame length 
if known 
prior to starting 
reception 
or 
the byte count 
can be set to a maximum 
frame 
packet 
length 
that will ever be received. 
Another 
alternative 
is 
to set the byte 
count 
equal 
to OFFFFH. 
This 
option 
may 
be chosen 
if the 
length 
of received 
packets 
are 
totally 
unknown. 
If OFFFFH 
is used, 
the 
user 
must 
make 
sure that 
there 
is some method 
to accommodate 
this many 
bytes. 
If maximum 
buffer 
size is a limiting 
factor, 
then that 
would 
be used. 


When 
the GSC is under 
CPU control, 
internal 
RAM 
is 
typically 
used for pointers 
and counters. 
These pointers 
and 
counters 
would 
be updated 
by software 
for each 
byte 
that 
is received 
or transmitted. 
An 
interrupt 
is 
generated 
as long as there 
is at least 
one byte 
in the 
receive FIFO. 
An interrupt 
is also generated 
as long as 
there is room for one byte in the transmit 
FIFO. 
It is in 
the interrupt 
service routine 
that counters 
and pointers 
are updated 
and data is transferred 
to or from the GSC 
FIFOs. 
One 
advantage 
of 
CPU 
control 
is that 
the 
length 
of received 
or transmitted 
packets 
need not be 
known 
prior 
to the start 
of GSC 
activities. 
When 
the 
GSC 
is under 
CPU 
control, 
user 
software 
determines 
when 
a transmission 
has 
ended. 
For 
moving 
targets, 
CPU 
control 
allows 
the 
user 
software 
to 
determine 
where to store received 
data at the time it is transferred 
to RFIFO. 


So far only 
initialization 
of the 
GSC 
and 
DMA 
has 
been explained. 
In order 
to use the GSC, 
the receiver, 
transmitter, 
and 
associated 
interrupts 
need 
to be en- 
abled. 
These 
are covered 
in the following 
section. 


ENABLING 
RECEIVER 
AND 
RECEIVER 
INTER- 
RUPTS--There 
are two receiver 
interrupt 
enable 
bits, 
EGSRV 
(Receive 
Valid) 
and EGSRE 
(Receive 
Error) 
and one bit to enable 
the receiver 
(GREN). 
The inter- 
rupts should 
always be enabled 
whenever 
the receiver 
is 
enabled. 
Once 
this is done, 
a user 
can 
wait 
for inter- 
rupts 
to occur 
and then service 
the GSC receiver. 
The 
conditions 
which 
will cause the CPU 
to vector 
to GSC 
receiver 
interrupt 
service 
routines 
are described 
in the 
8-Bit Embedded 
Controller 
Handbook. 


In most CSMAlCD 
applications, 
GSC receivers 
will be 
enabled 
all the time once the CI52 
has been initialized. 
The only time the receiver 
will not be enabled 
is when a 
reception 
is completed 
or a receive error 
occurs. 
When 
this happens, 
the GSC receiver hardware 
clears GREN, 
which 
disables 
the receiver. 
The receiver 
must 
then 
be 
re-enabled 
by software 
before it is ready to accept 
a new 
frame. 
One way to do this when under 
DMA 
control 
is 
to set the receiver 
enable 
bit (GREN) 
in the receiver 
interrupt 
service routine. 
Similarly, 
the GSC receive in- 
terrupts 
should 
always be enabled 
and remain 
so except 
for the period 
of time that 
it takes 
to service 
an inter- 
rupt. 


Once set, the GSC receiver 
interrupt 
enable bits always 
remain 
set unless 
cleared 
by user software. 
About 
the 
only valid reason 
for clearing 
the receiver 
interrupt 
en- 
able bits is so that 
certain 
sections 
of code will not be 
disrupted 
by GSC 
activities. 
If the interrupts 
are dis- 
abled while the receiver 
is enabled, 
the amount 
of time 
the 
interrupts 
are 
disabled 
should 
not 
exceed 
24 bit 
times. 
If the interrupts 
are disabled 
for a longer 
period 
of time, the receive 
FIFO 
may be over written. 


2-268 


intel· 
AP·429 


It is a good practice to enable the GSC receiver inter- 
rupts prior to enabling the receiver when under CPU 
control. Another alternative is to clear the EA bit while 
enabling the GSC receiver and receiver interrupts. 
However, this could increase interrupt latency. If some- 
thing like this is not done, a higher priority interrupt 
may alter the program flow immediately after the re- 
ceiver is enabled and prior to enabling the interrupts. 
This in turn could cause the receiver to overflow. When 
the receiver is under DMA control the situation is dif- 
ferent. First, the interrupts cannot be enabled before 
the receiver because if RDN is set from a previous re- 
ception, the receive valid service routine will be invoked 
but no reception has yet taken place. The correct se- 
quence when under DMA control would be to set the 
DMA GO bit, enable the receiver, then enable the re- 
ceiver interrupts. In this case the worst that could hap- 
pen is a slow response to RDN getting set. Even this 
can be worked around by making receive valid the only 
high priority interrupt. 


To enable the receiver interrupt enable bits and the re- 
ceiver this sequence should be followed: 


lENI 
= XXXXXXIl 
RSTAT = XXXXXXIX 


or if under DMA control: 


DCONn = XXXXXXXl 
RSTAT = XXXXXXIX 
IENl 
= XXXXXXll 


ENABLING 
TRANSMITTER 
AND 
TRANSMIT 
INTERRUPTS-There 
are two transmit interrupt en- 
able 
bits-EGSTV 
(Transmit 
Valid) 
and 
EGSTE 
(Transmit Error) and one transmitter enable bit-TEN 
(Transmitter ENable). The interrupts should always be 
enabled whenever the transmitter is enabled. Once this 
is done, a user can wait for interrupts to occur and then 
service the GSC transmitter. 
Conditions which will 


cause the CPU to vector to GSC transmit interrupt 
service routines are described in the 8-Bit Embedded 
Controller Handbook. 


Compared with the receiver, opposite conditions exist 
concerning when the transmitter is operational and the 
sequence of enabling transmitter versus transmit inter- 
rupts. First, the transmitter and its interrupts are dis- 
abled all of the time except on those occasions when a 


transmission is desired. The user's application deter- 
mines when a transmission is needed. Status of the mes- 
sage, how full a buffer is, or how long since the last 
message was sent are typical criteria used to judge when 
a transmission will be started. 


When a transmission is complete, the interrupts and the 
transmitter should be disabled. This is particularly true 
for the transmit valid interrupt 
as TFIFO 
will most 
likely be empty and TFNF (Transmit FIFO Not Full) 
will be set. TFNF = 1 is the source of transmit valid 
interrupts when the GSC is serviced under CPU con- 
trol. 


The transmitter should be enabled before enabling the 
transmitter interrupts. If the GSC is under CPU con- 
trol and the interrupts are enabled first, TFIFO may be 
loaded with data in response to TFNF being set. When 
TEN is set, data already loaded into TFIFO would be 
cleared. Consequently, data meant to be transmitted 
would be lost. If the GSC is under DMA control, it is 
possible that an interrupt 
would be generated in re- 
sponse to TDN being set from the previous transmis- 
sion, yet no transmission has even started since the in- 
terrupts were enabled. If using the DMA channels to 
service the transmitter, TEN must be set before the GO 
bit for the DMA channel is set. If not, the DMA chan- 
nels could load TFIFO with data, and when TEN is set 
that data would be lost. 


The correct sequence to enable the transmitter and its 
interrupt enable bits is: 


SETB TEN 
SETB EGSTE 
SETB EGSTV 


or if under DMA control: 


SETB TEN 
SETB EGSTE 
SETB EGSTV 
ORL DCONn,#Ol 


Once all initialization tasks shown so far are completed, 
reception and transmission may commence. The pro- 
cess of starting, maintaining, and ending transmissions 
or receptions is covered next. 
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STARTING, 
MAINTAINING, 
AND 
ENDING 
TRANSMISSIONS 


Prior to starting a transmission, the user will need to set 
TEN. This enables the transmitter, resets TDN, clears 
all transmit error bits and sets up TFIFO as if it were 
empty (all bytes in TFIFO are lost) after a GSC bit 
clock occurs. Once TEN is set, actual transmission be- 
gins when a byte is loaded into TFIFO. Figure 9 is a 
block diagram of the GSC transmitter and shows how 
it functions. Once a byte has entered TFIFO, transmis- 
sion begins. The first step is for the GSC to determine if 
the link is idle and interframe space has expired. Actu- 
ally, this occurs continuously, even when not transmit- 
ting, but transmit circuitry checks to make sure these 
conditions exist before transmitting. If these two condi- 


tions are not met, the Cl52 will wait until they are. 
Once interframe space has expired, DEN is forced low • 
for one bit time prior to the GSC emitting a preamble 
and BOF. About the time the BOF is output, a byte 
from TFIFO is transferred to the shift register. As bits 
are shifted out this register, they pass by the CRC gen- 
erator, which updates the current CRC value. Bits then 
enter the data encoder which forms them into Man- 
chester coded waveforms and out TxD. If TFIFO is 
empty when the shift register goes to grab another byte, 
the GSC assumes it is the end of data. To complete a 
frame, bits in the CRC generator are passed through 
the data encoder and the EOF is appended. One part of 
the block diagram in Figure 9 is the transmit control 
sequencer. The transmit control sequencer's purpose is 
to determine which state the transmitter is in such as 
Idle, Preamble, Data, or CRC. To perform this func- 
tion it has connections to all circuits in the transmitter. 
These connections are not shown in order to make the 
diagram easier to read. 


If the transmitter is under CPU control the first byte is 
loaded with user software. TFIFO should be filled and 
counters and pointers updated before proceeding with 
any other tasks required by the CPU. There is room for 
up to three bytes in TFIFO. 
Before loading the first 
byte, users should examine TDN to ensure that any 
previous transmissions have completed. If TEN is set 
before the end of a transmission, that transmission is 
aborted without appending a CRC and EOF but the 
interframe space will still be enforced before starting 
again. A user can identify when TFIFO is full by exam- 
ining TFNF (Transmit Fifo Not Full). TFNF will al- 
ways remain at a logic 1 as long as there is room for at 
least one more byte in TFIFO. There is a one machine 
cycle latency from when a byte is loaded into TFIFO 
until TFNF 
is updated. Because of this latency, the 
status of TFNF should not be checked immediately fol- 
lowing the instruction that loaded TFIFO but should 
be examined two or more instructions later. Whenever 
TFNF is set, an interrupt will be generated if EGSTV is 
set. In response to the interrupt, bytes should be loaded 
into TFIFO 
until TFNF 
is cleared and update any 
pointers or counters. 


Once the user is through with transmitting bytes for the 
current 
frame, 
the 
GSC 
transmit 
valid 
interrupt 
(EGSTV) should be disabled. This is to prevent the 
program flow from being interrupted 
by unnecessary 
GSC demands as TFNF will remain set all the time. 
The GSC transmit error interrupt (EGSTE) must re- 
main enabled as transmit errors can still occur. While 
under CPU control there is no interrupt associated with 
transmit done (TDN) so a user must periodically poll 
this bit to determine when actual transmission is com- 
plete. After the last byte in TFIFO is transmitted there 
is a delay until TDN is set. This delay will be equal to 
the CRC length plus approximately 1.5 bit times for the 
EOF. The CRC is appended after the end of data by 
GSC hardware. 
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Figure 9. Transmitter 
Block Diagram 
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To start a transmission when the GSC is under DMA 
control, users should first enable the transmitter by set- 
ting TEN, then set the GO bit for the appropriate 
DMA channel. Before the GO bit is set users must 
initialize the GSC and DMA. Thereafter, the DMA 
loads the first byte that begins actual transmission and 
keeps the transmit FIFO full until the end of transmis- 
sion. In this case, transmission ends when the byte 
count reaches 0, which means the length of the message 
to be transmitted must be known before transmission 
begins. 


The DMA channel examines TFNF to determine when 
the transmitter needs servicing. When a byte is trans- 
ferred into TFIFO, the DMA channel takes control of 
the internal bus and the CPU is held off for one ma- 
chine cycle. This is the only overhead associated with 
the actual transmission when under DMA control. This 
is significantly less than the overhead associated with 
each byte that must be loaded by software when the 
GSC is under CPU control. When the DMA is servic- 
ing the transmitter, at least one machine cycle occurs 
between each DMA load. This prevents the DMA from 
hogging the internal bus when servicing the transmit- 
ter. It takes five machine cycles to load three bytes to 
initially fill TFIFO. When transmission ends, TDN will 
be set and when the GSC is under DMA control it is 
the setting of TDN that begins the GSC interrupt serv- 
ice routine. 


The discussion so far assumes there are no errors dur- 
ing transmission of a frame. However, in CSMA/CD 
there is always a possibility of an error occurring and 
part of maintaining transmission is servicing those er- 
rors. In the C152 when an error is detected an error bit 
is set. At the same time the error bit is set, TEN is 
cleared which disables the transmitter. Types of errors 


that can occur are: collision detection errors (TCDT), 
no acknowledgement errors (NOACK) (if HBA is en- 
abled), and underrun errors (UR) (if the DMA chan- 
nels are used to service the transmitter). After setting 
the error bit, the C152 jumps to the transmit error vec- 
tor if EGSTE (Transmit Error enable) is set. Depend- 
ing on the protocol implemented, a user may wish to 
take some specific response to an error but in almost all 
cases the transmitter will be re-enabled and the same 
data retransmitted. 
This requires that counters and 
pointers be initialized, the transmitter 
enabled, and 
TFIFO filled. Another frequent action taken is to log 
the type of error for later analysis or to keep track of 
specific trends. Once transmission is restarted, the same 
flow is followed as before, as if no error occurred. 


STARTING, 
MAINTAINING, 
AND 
ENDING 
RECEPTIONS 


In most applications, the receiver is always enabled and 
reception begins when the first byte is loaded into 
RFIFO. Figure 10 shows a block diagram of the receiv- 
er. 


As indicated in Figure 10, before the first byte is loaded 
into RFIFO, the address is checked for a matching ad- 
dress assigned by ADRn. A user can disable address 
recognition by writing all 1s to the address mask regis- 
ter(s), AMSKn. In this mode all frames with a valid 
BOF will be received. When the first byte is loaded into 
RFIFO, RFNE is set. If the address does match, there 
is a delay of about 24 or 40 bit times from reception of 
the first bit until a byte is loaded into RFIFO depend- 
ing on which CRC is chosen. This is due to CRC strip 
circuitry and the bits required to fill up the shift regis- 
ter. 


Rrtro 
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Figure 10. Receiver 
Block Diagram 
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When the GSC is being serviced by the CPU, an inter- 
rupt is generated when RFNE is set and if EGSRV is 
enabled. The user typically responds to an interrupt by 
removing one byte from RFIFO and storing it some- 
where else. The user should check RFNE before leav- 
ing the interrupt.service routine to see if more than one 
byte was loaded in to RFIFO. While under CPU con- 
trol, there is no interrupt generated when reception is 
complete although receive done (RDN) is set. When 
RDN is set, the receiver is disabled and user software 
has to re-enable it. To determine when a frame has 
ended, the user must periodically poll RDN. After a 
frame has ended, the user will normally reinitialize 
pointers, reset counters, and enable the receiver. RDN 
will not be set when the last byte is transferred to 
RFIFO because the EOF will not be recognized yet. It 
takes approximately 1.7 bit times of link inactivity for 
the EOF to be recognized. 


When the GSC is controlled by the DMA channels an 
interrupt is generated when RDN is set for a valid re- 
ception. At this point all a user needs to do is to set the 
source address registers, set the byte count, set the GO 
bit, and enable the receiver. Whenever the GSC receiv- 
er is being serviced by the DMA channels, the GO bit 
should be set before the receiver enable bit, GREN. 
This is to ensure that the DMA channel is active when- 
ever the receiver is enabled. If the receiver is enabled 
before the DMA channel, it is possible that an interrupt 
would alter the program flow. An interrupt could delay 
setting the GO bit so that data is received while the 
DMA channel is prevented from servicing the GSC. 
Consequently, an overrun error occurs. 


For the GSC receiver, as in the transmitter, an error is 
always possible. Conditions that set the error bits are 
the same regardless of how the receiver is being serv- 
iced. Possible errors are: receiver collision (RCABT), 
CRC error (CRCE), overrun (OVR), and alignment er- 
ror (AE). 


The only type of error that user software can take ac- 
tions to prevent is an overrun error. In this case, when 
an overrun error occurs it is because the receiver could 
not be serviced fast enough. Under DMA control, the 
only way this could happen is if the other DMA chan- 
nel prevented servicing the GSC by the DMA or the 
user cleared the GO bit. Solutions to these problems are 
to turn otT the second DMA channel when receiving 
and not mess around with the GO bit during reception. 
To determine if the GSC is receiving a packet, the byte 
count of the appropriate DMA channel can be exam- 
ined. If the GSC is under CPU control and an overrun 
occurs it is because there are too many other tasks the 
CPU is doing or the baud rate is just too high for the 
CPU to keep up. A solution to this problem is to either 
cut back on the number of tasks the CPU must perform 


while a packet is being received or to switch to DMA 
control of the GSC. 


In all other cases, about all the CI52 can do when a 
receive error occurs is to log the type of error, discard 
the data already received, and to re-enable the receiver 
for the next packet. These actions would also be taken 
for an overrun error. 


SUMMARY 


Hopefully, this application note has given the reader 
some insight on how to set up the GSC parameters, 
how to transmit or receive a packet, and how to re- 
spond to error conditions that may arise. The process of 
obtaining data for transmission or what to do with data 
received has been left open as much as possible as these 
vary widely from application to application. In some 
cases, all the data will be managed by another, more 
powerful processor. In this situation, the user will have 
to implement another interface between the main proc- 
essor and the C152. 
. 


Although the whole process of using the CI52 may at 
first, seem confusing and complicated, breaking down 
this process into steps may make utilizing the CI52 
much simpler. One suggestion of the steps to follow is: 


I) INITIALIZATION 
A) 
Baud rate 
B) 
Preamble 
C) 
BackotT 
D) 
CRC 
E) 
Interframe space 
F) 
Jamming signal 
G) 
Slot time 
H) Addressing 
I) 
Acknowledgment 
1) 
Clearing the collision counter 
K) Controlling the GSC 
L) 
DMA initialization (if used) 
M) Counter and pointer setup 
N) 
Enabling the GSC 
0) 
Enabling the interrupts 


2) TRANSMITTING/RECEIVING 
PACKETS 
A) 
Starting transmission/reception 
B) 
Maintaining GSC operations 
C) 
Ending transmission/reception 
D) 
Responding to errors 


These steps can be used as a checklist to ensure that the 
minimum set of functions have been implemented that 
will allow the GSC to be used in almost any applica- 
tion. The list also demonstrates that the bulk of the 
tasks the' user must implement is in initializing the 
GSC. Once initialization is accomplished, there is com- 
paratively little work left to implement an application. 
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APPENDIX 
A 
SOFTWARE 
EXAMPLE 


The following example demonstrates how the DMA 
can be used to service the GSC in a specific environ- 
ment. Figure II shows a diagram of the hardware used. 
As shown, the UART is used as a source and destina- 
tion for data transferred by the GSC. Also shown in 
Figure II are some DIP switches. These DIP switches 
determine 
source 
and 
destination 
addresses. 
The 
switches are read only once after a reset. The hardware 
environment is shown for informational purposes only 
and is not necessarily a real application that would be 
implemented by a user. Even so, with some minor 
changes, similar circuits might be used, requiring corre- 
sponding changes to be made in the software. 


This program has been written with the assumption 
that a terminal will be connected to the UART. As 
such, only ASCII data can be transferred and each 
block of data is delineated by a carriage return (ODH) 
and line feed (OAH). As data is received by the UART 
it is stored in one of four rotating butTers.This data will 
later be transmitted by the GSC to other C152s. Data 
received by the GSC is stored in one of four ditTerent 
rotating butTers. This data will be transmitted by the 


UART to a terminal. IK of external data RAM is con- 
nected to the Cl 52 to serve as storage butTers. Conse- 
quently, each butTer is one-eighth of available external 
RAM, or 128 bytes. This provides up to one line of 120 
characters for each butTer. Also, each butTer will store 
additional 
information 
such as destination 
address, 


source address, and message length. When a line of 
characters is complete, a flag will be set to signify to the 
GSC that that butTer is to be transmitted. Conversely, 
when a packet received by the GSC is complete, a flag 
is set to identify that butTer is to be output through the 
UART to a terminal. Whenever access to one butTer is 
complete, the software manipulates pointers so the next 
butTeris used. If all 4 butTersare full, data for that type 
of butTer is no longer accepted until another butTer is 
available. 


Note that this program uses both DMA channels, one 
for the receiver and one for the transmitter on the GSC. 
A program could have been written using only one 
DMA channel. Using both channels has made the pro- 
gram much simpler and shortened the time it takes to 
change from transmitting to receiving. 
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intel· 
AP-429 


P4 
Ycc 


8XC152JA 


X8 
,. 


TxD 


Ycc 


X8 
•••••••••••• 
••••••••••• 
RxD 
•••••••••• 
••••••••• 


GTxD 
LATCH 
ALE 


lKk8 


RAt.t 


PO 
GRxD 


P2 


Ri) 


WR 


•••••••••••• 
••••••••••• 
•••••••••• 
••••••••• 


Vee 


X8 


X8 


lKk8 


RAt.t 


8XC152JA 


TxD 


GTxD 


RxD 


GRxD 


ALE 


PO 


P2 


Ri) 


WR 


rT'T1"'T'T"T"T'"- 
Vcc 


Figure 11. Hardware 
Envlronmentfor 
Software 
Example 
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LOC 
DB.! 
LINE 
SOURCE 


1 
SXREF 
2 
$NDLIST 
165 
0000 
166 
GSC_BAUD_RATE 
EOU 
0 
.GSC 
baud 
rat. 
~ 
1. ~MBPs 
167 
OOFC 
168 
LSC_BAUD_RATE 
EOU 
OFCH 
; LSe 
baud 
rat. 
:si 
9. b+C. baud 
.at 
169 
; 14. 7456 
MH. 
170 
0014 
171 
IFS_PERIOD· 
EOU 
20 
;numb~r 
of 
bit 
times 
~.p.ratlng 


172 
i frames 
173 
0003 
174 
BUFIA_S1RT_ADOR 
EOU 
003H 
lbuffer 
lA's 
starting 
address 
for 
175 
istoring 
data 
<0 
= • 
of 
b~tes. 
176 
; 1 :: dest 
addr. 
2 = 
src 
addr) 
177 
0083 
178 
BUFIB_STRT_ADDR 
EOU 
OB3H 
.buffer 
18's 
starting 
address 
for 
179 
.storing 
data 
(SOH 
z 
• 
of 
b~t.s. 
IBO 
; 81 
"" d•• t 
addr. 
82 
.• src 
add,.) 


I\) 
I 


181 
~ 
N 
0103 
IB2 
BUFIC_STRT_ADDR 
EOU 
103H 
.buffer 
te's 
starting 
address 
for 


"U 


IB3 
istoring 
d.ta 
(lOOH =. 
of 
bVte •• 
I 
.." 
.100 


01 
IB4 
; 101 
,.,. d•• t 
addr. 
102 
a 
src 
add,.) 
N 
18:1 
CD 


0183 
181. 
BUFID_STRT_ADDR 
EOU 
183H 
.buffer 
ID'. 
starting 
addre,s 
for 
187 
lstoring 
data 
(lBOH 
-. 
of 
bvte •• 


188 
; 181 
~ d.lt 
addr. 
182 
• 
ST'C 
add,,) 
189 
0201 
190 
BUF2A_STRT 
_ADDR 
EOU 
201H 
•buffer 
2A's 
starting 
address 
for 
191 
istoring 
d.ta 
(20OH 
-. 
of 
bVt •• ) 
192 
0281 
193 
BUF2B_SlRT_ADDR 
EaU 
281H 
.buffer 
28'. 
starting 
address 
'or 
194 
Jstoring 
d.ta 
(28OH 
-. 
of 
bvtes) 
195 
0301 
196 
BUF2C_SlRT_ADOR 
EaU 
301H 
lbuffer 
2C's 
starting 
address 
for 
197 
I storing 
data 
(300H 
s 
• 
of 
bvtes) 
198 
0381 
199 
BUF2D_STRT_AODR 
EaU 
381H 
lbuffer 
2D's 
starting 
address 
for 
200 
jstoring 
data 
(38OH 
•• 
of 
b~te5) 
201 
OOBO 
202 
~TACK_OFFSEl 
EOU 
80H 
lstart 
.tack 
at 
upper 
128 
bVte§ 
203 
0000 
204 
CR 
Eau 
OOH 
iASCl1 
e,uivalent 
for 
carrl •• e 
205 
;return 
201. 
OOOA 
207 
L1NEJEED 
EOU 
OAH 
IASCII 
e,uiv.lent 
for 
line-feed 
208 
REG 
209 
ERROR]OINlER 
EaU 
RO 
iRO 
holds 
the 
address 
th~t 
points 


210 
Ita 
the 
n •• t 
error 
location 
to 


211 
j incre.ent 


212 


270720-17 
I 


MCS-'1 
MACRO 
ASSEMBLER 
APPNOTl 
10/19/88 
PA(lF 


DOS 
3.30 
(038-N) 
MCS-51 
MACRO 
ASSEMBLER. 
V2.2 
OB.!ECT MODULE 
PLACED 
IN 
APPNOT1.0B.! 
ASSE~BLER 
INVOKED 
BY: 
C:\ASM51\ASM51. 
EXE 
APPNOT1.PQM 


_. 
cC 
• 


OOFF 


OOF'I 


OOF3 


OOED 


00E7 


OOEI 
I 
I\) 
N 
.....• 
I 


OODB 
en 


OOD' 


OOCF 


007F 


007E 


oo7D 


OO7C 


oo7B 
007A 


MCS-51 
MACRO 
ASSEMBLER 


LOC 
OB.! 


0078 


UR_COUNTER 
DATA 
OFFH 
.RAM 
locAtions 
OFAH 
to 
OFFH 
.~e 


.•u •• d 
to 
k•• p • 
101 
of 
the. 
of 
iUR .~~D~. (on1U 
tran •• jt 
I'''ror) 


01,/11 
_COUNTER 
DATA 
(\lA_COUNTER) - 6 
; RM 
locations 
OF4H to 
OF9H ' •• p 
i. log 
of 
the. 
0' overrun 
errors 


RCABT_COUNTER 
DATA 
(OVA_COUNTER) 
- 6 
;R~ 
locations 
OEEH 
to 
OF3H 
k•• p 


,. 
log 
of 
the. 
a •• 
~OTt error. 


AE_COUNTER 
DATA 
(RCABT_COUNTER) - 
6 
i RM 
locations 
OEBH to 
OEDH 11•• , 


Ja 
la, 
of 
the. 
of 
align •• nt 
errars 


CRCE_COUNTER 
DATA 
(AE_COUNTER) 
- 6 
;R~ 
locations 
0E2H 
to 
0E7H 
'•• p 


Ja 
101 
of 
the. 
of 
CRe 
.rrors 


LDNQ_COUNTER 
DATA 
(CRCE_CWNTER) 
- 6 
J RNi 
locations 
OEIH to 
ODCH Ir •• 
, 


•• 
log 0' the. 
of received 
I 
)0 


_pack.ts 
that ar. 
too 
long 
"tJ, 


"" 
TCDT_COUNTER 
DATA 
(LDNO_COUNTER) 
- 6 
;R~ 
locations 
ODSH 
to 
ODOH 
'•• p 
to.) 
J. 
101 of 
the. 
o' TeDT 
.rrors 
eD 


NOACK_COUNTER 
DATA 
(TCDT_COUNTER) 
- 6 
; RM 
locations 
OD"" 
to 
ODOH •.•• p 
J. 
101 
of 
the 
• 
a. 
NOItCK 
."TO.••5 


NEXT _LOCATION 
DATA 
(NQACK_COUNTER) 
- 
6 
; "e •• r-ve 6 
bVt •• 
for 
NOACK counte r- 


APPNOTl 
10/19/98 
PAIIE 
2 


LINE 
SOURCE 


213 
214 
215 
216 
217 
218 
21'1 
220 
221 
222 
223 
224 
2~5 
226 
227 
228 
22'1 
230 
231 
232 
233 
234 
23' 
236 
237 
238 
23'1 
240 
241 
242 
243 
244 
24' 
246 
247 
248 
24'1 
250 
251 
252 
253 
254 
25:; 
256 
257 
258 
25'1 
260 
261 
262 
263 
264 
265 
266 
267 


MAXJ-ENl:TH 
EOU 
120 
i ••• 
tau_ 
length 
_ 
(received) 
p.cket 


IC8n 
b. - aust 
.lwe~. b. 1••• 
then 


j2~~•• 
'" H/W11.it.tio" 
is 
128 
;••••••••••••.••••••••••••••••••••••• 
**••••••••••••••••••••••••••••••••••••••••• 


;------------------------------------------------------------------------------ 


IN_BYTE_COUNT 
DATA 
7FH 
Inu.b.~ 
of 'vt •• 
LSC 
received 
.hich 
,deterain ••• 
0' bVt •• for 
CSC 
to 


itren •• it 


OUT_BYTE_COUNT 
DATA 
(IN BYTE 
COUNT) 
-1 
InuMber 
0' 'vt •• QSe 
received 
which 


- 
- 
.deterain 
••• 
of 'vt •• 
for 
LSC 
to 


,tT.n •• it 


QSC_DEST_ADDR 
DATA 
(OUT_BYTE_COUNT)-1 
i destination 
.dd" ••• 
" •• d froa 


,DIP 
.witch •• 
(loed.d 
on RESET) 


QSC_SRC_AODR 
DATA 
(QSC_DEST_ADDR) 
-1 
i_oure 
•• 
ddr ••• r••d froa DIP 


i ••• itche. 
(loaded 
on RESET) 


LSC_INPUT_LOW 
DATA 
LSC_INPUT_HIQH 
DATA 
(QSC_SRC_ADDR) 
-I 
(LSC_INPUT_LOW) 
- 
1 leanteins 
the .ddr ••• where 
the 


in.lt 
LSC 
received 
'vt •• 
111 
b. 


; .tor.cI .t 


270720-18 


_. 
er 
• 


MCS-51 
MACRO 
ASSEMBLER 


LOC 
OB'" 
LINE 


0079 
21.8 
0079 
21.9 
270 
271 
272 
0077 
273 
0071. 
274 
275 
271. 
0075 
277 
278 
279 
002F 
280 
281 
282 
002E 
283 
284 
285 
281. 
287 
007F 
288 
289 
290 


I\) 
I 


007E 
291 
N 
292 
-.J 
293 
-.J 
0070 
294 
295 
291. 
007C 
297 
298 
299 
007B 
300 
301 
302 
303 
007A 
304 
305 
306 
307 
0079 
308 
309 
310 
311 
0078 
312 
313 
314 
315 
0077 
316 
317 
318 
0071. 
319 
320 
321 
0075 
322 


APPNOTl 


SOURCE 


GSC_INPUT_LOW 
DATA 
GSC_INPUT_HIGH 
DATA 


LSC 
OUTPUT 
LOW 
DATA 
LSC:::OUTPUT:::HIGH DATA 


LSC_OUT_COUNTER 
DATA 


BUFFER 
I_CONTROL 
DATA 


BUFFER2_CONTROL 
DATA 


10/19/88 
PAGE 
3 


(LSC_INPUT_HIGH) 
- 
1 
(~SC 
INPUT 
LOW) - 
1 
i contains 
the 
addf'.s~ 
wher. 
the 
- 
- 
.next 
CSC 
received 
b~t. 
will 
be 


J stored 
at 


BIT 
7FH 


BIT 
(BUFID_ACTlVE) 
- 
1 


(GSC 
INPUT 
HIGH) 
-1 
(LSe-OUTPUT 
LOW) 
-1 
;contains 
the 
addres~ 
where 
the 
- 
- 
i next 
bVte 
for 
the 
LSC to 
XII'it 


2FH 


(LSC_OUTPUT_HIQHJ-l 
icontains 
the 
number 
of 
bVte 
for 
; the 
LSe 
to 
I •• 
t 


ibVte 
that 
bu,fe,.. 
1 
control 
blts 
; are 
in 


2EH 


BIT 
(BUFIC_ACTIVE) 
- 
I 


BIT 
(BUFIB_ACTlVE) 
- 
1 


BIT 
(BUFIA_ACTIVE) 
- 
1 


BIT 
(GSC_OUT_MSB) 
- 
1 


BIT 
(GSC_OUT_LSB) 
- 
1 


BIT 
(LSC_IN_MSB) 
- 
1 


BIT 
(LSC_IN_LSB) 
- 


BIT 
(BUF2A_ACTIVE) 
- 
1 


BIT 
(BUF2B_ACTIVE) 
- 
I 


;---*-_••••• __._-------_ •••••••••••••••••••••••••••••••••••..•••••..•••••••...• 


ibVte 
that 
buffer 
2 
control 
bits 


i are 
in 


BUFID_ACTlVE 


BUF 1C _ACTI VE 


BUFIB_ACTlVE 


BUFIA_ACTlVE 


GSC_OUT 
_MSB 


GSC_OUT 
_LSB 


LSC_IN_MSB 


LSC_IN_LSB 


BUF2A_ACTiVE 


BUF2B_ACTIVE 


BUF2C_ACTlVE 


i indicator 
for 
when 
buffer 
10 
has 
id.ta 
for 
esc 


; indicator 
for 
when 
buffe,.. le 
has 
; data 
for 
GSC 


; indicator 
for 
when 
buffe,.. 
ID 
has 
idat. 
for 
GSC 


i indicator 
for 
when 
buffer 
lA 
h~s 
.data 
for 
OSC 


;second 
of 
t~o 
bits 
that 
identif~ 
i.hich 
buffer 
i~ 
the 
current 
GSC 
, output 
buff~r 


.first 
of 
t.o 
bits 
th.t 
id.ntif~ 
;.hich 
buffer 
is 
the 
current 
GSe 
; output 
buff.,.. 


,second 
of 
two 
bits 
th~t 
identif~ 
,~hich 
buffer 
is 
the 
current 
LSe 


i input 
buffer 


; fir~t 
of 
t~o 
bits 
th~t 
id.ntif~ 
;which 
buffer 
is 
the 
current 
LSe 
i input 
buffer 


; indicator 
For 
when 
buffer 
2A 
h~s 
•da t. 
foT' LSe 


; indicator 
for 
when 
buffer 
28 
has 


;data 
Fot" LSC 


; indicator 
for 
when 
buffer 
2C 
has 
270720-19 
11 


_.er 


8 


~l'~N 
CO 


MCS-Sl 
MACRO 
ASSEMBLER 


LOC 
OB.J 
LINE 


323 
324 
0074 
325 
326 
327 
0073 
328 
329 
330 
331 
0072 
332 
333 
334 
335 
0071 
336 
337 
338 
339 
0070 
340 
341 
342 
343 
006F 
344 
345 
006E 
346 
I\) 


I 


347 
N 
348 
-..j 
349 
CD 
350 
351 
0000 
352 
0000 
020100 
353 
354 
0023 
355 
0023 
0205BA 
356 
357 
0028 
358 
359 
002B 
020568 
360 
361 
0033 
362 
363 
0033 
020580 
364 
365 
0043 
366 
367 
0043 
0204M 
368 
369 
0049 
370 
371 
0048 
0204E3 
372 
373 
0053 
374 
375 
0053 
02061C 
376 
377 


APPNOTI 


SOURCE 


BUF2D_ACTlV£ 
BIT 
(BUF2C_ACTlVE) 
- 
1 


QSC_IN_MSB 
BIT 
(BUF2D_ACTIVE) 
- 
1 


GSC_IN_LSB 
BIT 
(GSC_IN_MSB) 
- 
1 


LSC_OUT 
_MSD 
BIT 
(GSC_IN_LSB) 
- 
1 


LSC_OUT 
_LSB 
BIT 
(LSC_OUT_MSD) 
- 
1 


FIRST3SC_OUT 
BIT 
(LSC_OUT_LSB) 
- 
1 


LSC_ACTlVE 
BIT 
(FIRST_QSC_OUT) 
-I 


10/19/88 
PAQE 
4 


,dat. 
for 
LSe 


i indicator 
for 
when 
buffer 
20 
ha, 


idilt. 
foT' LSe 


isecond 
of 
two 
bits 
th.t 
id.ntif~ 


,which 
buffe" 
is 
the 
current 
GSC 


; input 
bu'fer 


;'irst 
of 
two 
bits 
that 
id.ntlf~ 


;which 
buffer 
il 
the 
current 
OSC 


i input 
buffer 


;.econd 
of 
two 
bits 
that 
id.ntl'~ 


;which 
buffeT' 
is 
the 
current 
Lse 


; output 
buffer 


.first 
of 
two 
bits 
th.t 
id.ntif~ 


iwhich 
buffer 
is 
the 
current 
Lse 


; output 
buff.r· 


; indicator 
'OT 
first 
OSC 
I~it 


;.**********.** ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *** 


; indicator 
th.t 
LSC 
is 
outputting 


iil 
received 
packet 


START: 
ORQ 
0 


.JMP INITIALIZATION 


ORQ 
23H 


.JMP LSC_SERVICE 


ORQ 
2BH 
QSC_REC_VALID: 


.JMP QSC_vALID_REC 


ORQ 
33H 
QSC_REC_ERRIlR: 


.!MP 
GSC_ERROR_REC 


ORQ 
43H 
QSC_X"IT 
_VALID: 


.!MP 
QSC_VALID_XMIT 


ORG 
4DH 
QSC_XMIT_ERRDR: 


.!MP 
GSC_ERROR_XMIT 


ORQ 
53H 
DMAI 
DONE: 


JMp 
DMAl_SERVICE 


270720-20 


_.er 
• 


~ 
'tJ.~~ 
ID 


I\) 
N 
.....• 
co 


0131 
12043F 


LOC 
OB" 


MCS-51 
MACRO 
ASSEMBLER 


LINE 


APPNOTl 


SOURCE 


378 
379 
380 
381 
382 
383 
384 
385 
38b 
387 
388 
389 
390 
391 
392 
393 
394 
395 
39b 
397 
398 
399 
400 
401 
402 
403 
404 
405 
40b 
407 
408 
409 
410 
411 
412 
413 
414 
415 
41b 
417 
418 
419 
420 
421 
422 
423 
424 
425 
42b 
427 
428 
429 
430 
431 
432 


ORI: lOOH 
INITIALIZATION: 


MaV 
SP •• STAC~_OFFSET 


CALL 
ADDRESS_DETERMINATION 


CALL 
I:SC_INIT 


CALL 
LSC_INIT 


CALL 
I:ENERIC_INIT 


CALL 
INTERRUPT_ENABLE 


MAIN: 


"B 
BUFIA_ACTIVE.BUFFERI_START 


"B 
BUFIB_ACTIVE.BUFFERI_START 


"B 
BUFIC_ACTIVE.BUFFERI_START 


"B 
BUFID_ACTIVE.BUFFERI_START 


"B 
BUF2A_ACTIVE.BUFFER2_START 


"B 
BUF2B_ACTIVE.BUFFER2_START 


"B 
BUF2C_ACTIVE.BUFFER2_START 


"B 
BUF2D_ACTIVE.BUFFER2_START. 


""" 
MAIN 


BUFFER 
I_START: 


CALL 
NEW_BUFFER 
I_OUT 


""" 
MAIN 


BUFFER2_ST 
ART: 


CALL 
NEW_BUFFER2_OUT 


10119/88 
PAQE 


0100 


0100 
758180 


0103 
120243 


OIOb 
120200 


0109 
120234 


OIOC 
12025B 


OIOF 
120250 


0112 
207CI7 


0115 
207DI4 


0118 
207EII 


0118 
207FOE 


OIlE 
207710 


0121 
207bOD 


0124 
20750A 


0127 
207407 


012A 
DOEb 


012C 
12032F 


012F 
BOEI 


5 


;start 
stack 
.t 
user 
deFined 
addr 


isetup 
addressing 
(onl~ 
done 


;RESET> 


i initialization 
for 
QSC 


i initialization 
for 
LSe 


;general 
initialization 
not 
dealing 


iwith 
interrupts. 
QSC. 
or 
LSe 


ienable 
i~t.rrupt. 


ise. 
if 
buffer 
lA 
has 
so •• thing 


ita 
tTans_it 
out 
GSC 


is •• 
if 
buffer 
18 
has 
so•• thing 


.to 
tTans_it 
out 
GSC 


is •• 
if 
buffer 
le 
has 
so •• thing 


Ita 
tr.n~.it 
out 
QSC 


is •• 
if 
buffer 
ID 
has 
so •• thing 


; to 
t"ans.i 
tout 
QSC 


is •• 
if 
buffer 
2A 
has 
so •• thing 
;to 
tTans_it 
out 
LSC 


is •• 
if 
buffer 
28 
ha. 
so •• thing 
ita 
tT_ns.it 
out 
LSC 


is •• 
if 
buffer 
2C 
has 
so •• thing 


ito 
tr.n •• it 
out 
LSC 


;s •• 
if 
buffer 
2D h.s 
~o •• thing 


ito 
tr.n •• it 
out 
LSC 


;this 
routine 
s~ould 
st.rt 
• 


.tr.ns.ission 
if. 
buffer 
is 
full 


.this 
routine 
st.rts 
_ 
tr.ns.ission 
270720-21 
I 


_.er 


8 


:.l'~~ 
CO 


MCS-51 
MACRO 
ASSEMBLER 


LOC 
OBJ 
LINE 


433 
434 
435 
0134 
800C 
436 
437 
0200 
438 
439 
=1 
440 


=1 
441 


0200 
759400 
=1 
442 


=1 
443 
0203 
758402 
=1 
444 


=1 
445 


=1 
446 
0206 
75-'414 
-I 
447 


=1 
44B 
0209 
750400 
=1 
449 


=1 
450 
020C 
0208 
=1 
451 


=1 
452 
020E 
75C285 
-I 
453 
=1 
454 
0211 
759298 
-I 
455 


=1 
456 
I\) 
I 


-I 
457 
~ 
0214 
75B2F4 
-I 
458 
Cl) 
-I 
459 
0 
0217 
75F300 
-I 
460 
021A 
75F278 
-I 
461 
=1 
462 


-I 
463 
0210 
759369 
-I 
464 


=1 
465 
=1 
466 
-I 
467 


-I 
468 
0220 
857C95 
-I 
469 


=1 
470 
0223 
757901 
-I 
471 
0226 
757802 
-I 
472 


=1 
473 


=1 
474 
0229 
857902 
-I 
475 
022C 
857803 
-I 
476 


=1 
477 
=1 
478 
022F 
02E9 
=1 
479 


-I 
480 
0231 
026F 
=1 
481 


=1 
482 


=1 
483 
0233 
22 
=1 
484 
485 
=1 
486 


0234 
7580FC 
-I 
487 


APPNOTl 
10/19/88 
6 
PAgE 


SO\IRCE 


.out 
the 
LSe 
if 
on. 
of 
the 
buffers 


; i. 
'u11 


JMP 
MAIN 


ORQ 
200H 


+1 
.INCLUDE 
(QSCINIT 
SRC> 
GSC_INIT 


MOY 
BAUD .•GSC_BAUD_RATE 


MOV 
GI"tOD .• 
02H 
· lnlt 
for 
CSMA/CD. 
B-bit 
pr •• ftllbl •. 


,lb-bit 
eRC. 
a-bit 
addr.s 
•• ~ 


MOY 
IFS •• IFS_PERIOD 
.lnlt 
IFS 
'or 
period 
betw.en 
Frames 


MOV TCDCNT .• 
O 
.clpar 
co111s10n 
count.r 


SETB 
Ilf1A 
· lnlt 
esc 
interrupts 
for 
DMA 


MOY 
DARLO •• TFIFO 
.OMAO 
WIll 
service 
TFIFO 


MOY 
DCONO •• 10011000B 
; lnlt 
Dt1AO 
with 
SFR 
as 
d.st 
.•• 
t 
RAM 


· as 
sourc e , 
serial 
port 
d•.• and 
mode 


MOY 
SARLI •• RFIFO 
,OMA1 
Will 
.erVlce 
RFIFO 


MOY 
BCRHI.IIO 
MOY 
BCRLI.llMAX_LENOTH 
.load 
OMA 
bqte 
count 
with 
,..ximu~ 
; ...•ss.g. 
length 


MOY 
DCONI.IIOIIOIOOIB 
,1"it 
DMAl 
with 
elt 
RAf1 a. 
de,t. 


j SFR ••. 
lource 
.• 
eri.1 
port 
d••• 
nd 


illode. 
and set 
GO bit. 


MOY 
ADRO.gSC_SRC_ADDR 


MOY 
QSC_INPUT_LOW 
••LOW 
(BUF2A_STRT_ADDR) 
MOY 
GSC_INPUT_HIGH 
•• HIQH 
(BUF2A_STRT_AODR) 


; init 
CSC 
input 
a4dresI 
Ito,..~g. 


MOY 
OARLI.QSC_INPUT_LOW 
MOY 
OARHI.~SC_INPUT_HIQH 
; init 
Dt1A 
destination 
add"ess 
to 


;~atch 
CSC 
input 
add"e 
••• 
to,..age 


SETB 
QREN 
ien.ble 
"eceive" 


SETB 
FIRST_Q5C_OUT 
; ,et 
indic.to" 
that 
fi".t 
OSC 
•• it 


ih.s 
not 
vet 
occurred 


RET 


+1 
.INCLUOE 
(LSCINIT.SRC> 
LSC_INIT: 


MOY 
THI.ILSC_BAUO_RATE 
;setup 
ti •• "l 
to 
generate 
LSe 
baud 
270720-22 


_.l 
• 


~ 
'U 
I~~ 
CC 


MCS-51 
MACRO 
ASSEMBLER 


LOC 
OBJ 
LINE 


=1 
4BB 
0237 
43B920 
=1 
4B9 
023A 
~3892F 
=1 
490 
=1 
491 
0230 
759B'0 
=1 
492 
=1 
493 
=1 
494 
0240 
D2BE 
=1 
495 
=1 
49b 
0242 
22 
=1 
497 
49B 
=1 
499 
=1 
500 
0243 
S390lF 
=1 
501 
=1 
502 
0246 
85C07C 
=1 
503 
=1 
504 
=1 
505 
0249 
439020 
=1 
50b 
=1 
507 
024C 
8'C07D 
=1 
SOB 
=1 
509 


=1 
510 
024F 
22 
=1 
511 
I\) 
I 


512 
N 
=1 
513 
~ 
=1 
514 


02~ 
D2C8 
=1 
515 


-I 
Sib 
0252 
D2C9 
=1 
517 
=1 
51B 


0254 
D2AC 
=1 
519 


=1 
520 
0256 
D2CC 
=1 
521 
=1 
!t22 
0258 
D2AF 
-1 
523 
=1 
:';24 
02511 22 
-I 
525 
-I 
526 
:';27 
=1 
528 
=1 
:';29 
025B 
752F00 
=1 
530 


-I 
531 
=1 
532 
=1 
533 
=1 
534 
02!;E 752EOO 
=1 
535 
=1 
536 
=1 
537 


=1 
538 
0261 
C26E 
=1 
539 
=1 
540 


=1 
541 
0263 
757003 
=1 
542 


APPNOTl 


SOURCE 


ORL 
TMOD ••OOIOOOOOB 
ANL 
TMOD ••00101111B 


MOV 
SCON •• 01oOIOOOOB 


SETB 
TRI 


RET 
+1 
.INCLUDE 
(INITADDR 
SRC) 
ADDRESS_DETERMINATION· 


ANL 
Pt. 
.IFH 


MQV 
GSC_SRC_ADDR.P4 


QRL 
PI •• 20H 


MQV 
CSC_DEST_ADDR.P4 


RET 
+1 
.INCLUDE 
(ENAINT.SRC) 
INTERRUPT_ENABLE: 


SETB 
EQSRV 


SETB 
EGSRE 


SETB 
ES 


SETB 
EDMAI 


SETB 
EA 


RET 


+1 
.INCLUDE 
(GENINIT.SRC) 
GENERIC_INIT: 


MOV 
BUFFERI_CDNTROL 
••O 


MOV 
BUFFER2_CONTROL 
•• 0 


CLR 
LSC_ACTlVE 


10/19/88 
PAGE 
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I in1t 
ti •• rt 
•• 
a-bit 
.uto-r~load 


isetup 
Lse 
as 
a-bit 
UART 
and 
enable 
;receive,.. 


istart 
ti •• r 
to 
g.n.ra~. baud 
rate 


;select 
output 
0 0' 
'138 


iread 
GSC 
receive 
address 
frOM 
; DIP 
,..-itch 
.1 


; ,.lect 
output 
1 of 
'138 


iread 
OSC 
x_it 
addr." 
from 
DIP 
iswitche2 
' 


i enable 
OSC receive 
VillI id 
inteTrupt 


ienabl. 
OSC 
receive 
error 
interrupt 


;.nabl. 
LSC 
interrupt 


; enable 
Df1Al done 
interrupt 


;en,abl. 
interrupts 


iinsure 
all 
b~ff.r 1 ~ctiv. 
bits 
;- 
0, 
current 
input 
and 
output 
;buffe r - 
lA 


iin.ur. 
all 
buffer 
2 
.ctive 
bits 


;= O. 
current 
input 
and 
output 


•buFfer 
- 
18 


;in5ure 
LSC 
ACTIVE 
2 
0 
before 
•starting 
.-reception 


MDV 
LSC_INPUT_LOW 
••LDW 
(BUFIA_STRT_ADDR) 
270720-23 
I 


_.er 
• 


•l'~ 
1'1) 
CO 


LOC 
OBJ 


I1CS-'1 
I'IACRO 
ABSEI1lILER 


02bb 
7:17AOO 


021>9 
7:17F02 


021>C 
7BCF 


021>E 
OB 


02bF 
7600 


0271 
89FFF'" 


0274 
22 


0275 
D3 
I\) 
I 
N 
0271> 
7FOl> 


ex> 
I\) 
I 
0278 
El> 


0279 
3400 


027B 
FI> 


027C 
18 


027D 
OFF9 


027F 
4001 


0281 
22 


0282 
08 


LIIE 


-1 
:143 


-1 
544 


-1 
54:1 


-1 
541> 


_I 
:147 


-1 
548 


-1 
:149 


-1 
550 


-1 
551 


-1 
552 


-1 
553 


-1 
554 


~1 
555 


-1 
551> 


-1 
:157 
-1 
558 


-1 
559 


-1 
5bO 


-1 
51>1 


-1 
5b2 


~1 
563 
564 
-+1 


-1 
565 


-1 
5bb 


-1 
567 


-1 
:>bII 


-1 
569 


-1 
570 


-1 
571 


-1 
572 


-1 
:173 


-1 
574 
-1 
575 


-1 
571> 
-1 
577 


-1 
578 


-1 
579 


-1 
580 
-1 
5111 


-1 
582 


-1 
5113 


-1 
5114 


-1 
511:1 


-1 
58b 


-1 
5117 


-1 
58B 


-1 
!IB9 


-1 
590 


-1 
591 


-1 
592 


=1 
593 


=1 
594 


-1 
595 


~1 
591> 


-1 
597 


APPIIOTl 


SOURCE 


10/19/88 
PME 
8 


1'10II 
IN_BYTE_COUNT 
•• 02 


1'10II LBC_INPUT_HIQH. 
~IQH 
(8IFI"'_STRT_"'DDRI 


I load 
add"••• 
point." 
• 
.,ith 
;.t•...ting 
.ddr ••• 
of 
lIu".r 
lA 


IIOV 
RO. _XT 
_LOCATION 


COUNTER_CLEAR: 


INC 
RO 


P'WJY eRO. 
eo 


CJIE 
RO•• OFFH. 
COUNTER_CLEAR 


RET 


.INCLUDE 
(CNTRINC. 
SRC I 
I NCREHENT _COUNTER: 


SETB 
C 


1'10II R7 •• 1> 


INC_COUNT_LODP: 


1'10II A • .eRROR_POINTER 


AIlDC 
A.IIO 


1'10II .eRROR~OINTER.", 


DEC 
ERROR~OINTER 


DJNZ 
R7.INC_COUNT_LODP 


JC 
COUNTER_OVERFLOW 


RET 


COUNTER_OVERFLOW: 


INC 
ERROR~OINTER 


J ."t. count 
initialil." 
to 2 


I beeeu •• 
d•• tination 
.nd 
SOUl'C. 


ladd" •••• 
d 11 t.lI;e 
'h'.t 
t.•o bVt•• 


I and counte,. 
t. 
not 
iner ••• nted. 


I cl ••.•. out 
erroT' 
counte", 


; loop until 
all 
count."s 
• 0 


; add 
1 on fi",st 
100, 


;. 
of 
b.,t •• 
in 
eaclt 
count." 
field 


; get 
bvte 
of 
count." 


; overflo. 
if 
C."'TV 
•• n•.•.• ted. 
Thi_ 
n••• 
1"1tl.11 .• put 
in 
to 
st~, 
the 


I flow 0' the 
P,"ol"•• 
if 
antJ 
o' 
the 


1.1"ro," 
count."s 
over,lowed 
with 
the 


i •• ,.ct.tton 
th.t 
the us." 
.ould 


; .odifll 
tt.. 
cod. 
-to 4u.p 
th. 
error 


; count 
content. 
and •.e-initializ. 
the 


; count.", 
locations. 


; point 
to 
•• b of 
count." 
Fi.ld 


270720-24 


_.er 


8 


~ 
'1J 
I.,. 
I\) 
CO 


I1<:B-51MCRO 
ABSEI1IILER 


i •••••••• 
*••••••••• 
····****··························· 
•••••.•.• **•••••••••••••• 


iThis 
•• ction 
u•••• 
bit 
.dd~.s••bl. control 
bvte 
to 
d.terMine 
~hich buffers 
;.1". active 
(cont.in. 
d.t. 
for 
QSC to 
output), 
the 
1•• t 
buff.", 
u•• d bV the 
LSe 


J input, 
and 
the 
l •• t 
buf'e,. 
u.ed 
btJ the 
QSC output. 


I 
jThe 
control 
bVte 
is 
d.fined 
.1 
'0110wI: 


LOC 
OB,) 
LINE 


OOl93 76FF 
-I 
599 


-I 
599 
OOl95 OB 
-I 
600 
~I 
601 
OOl96 76FF 
~I 
600l 


-I 
603 
OOl99 09 
-I 
604 


cl 
605 
OOl99 76FF 
-I 
606 
=1 
607 
OOl98 09 
-I 
609 
-I 
609 
OOl9C 76FF 
-1 
610 
=1 
611 
OOl9E 09 
=1 
612 
=1 
613 
OOlBF 76FF 
=1 
614 


-I 
615 
OOl91 OB 
=1 
616 


=1 
1017 
OOl9Ol76FF 
=1 
619 


=1 
619 
OOl94 90FE 
·1 
6OlO 


-1 
621 
I\J 
I 


-1 
620l 
N 
623 
+1 
CD 
I 
-1 
624 
W 
-I 
625 
-I 
626 
-I 
627 
-I 
629 
-I 
629 


-I 
1030 
-I 
631 


-I 
630l 
-I 
633 


-I 
634 
-I 
635 
=1 
636 
-I 
637 
=1 
639 


-I 
639 


·1 
640 


-I 
641 
=1 
640l 
=1 
643 
~I 
644 


-I 
645 


-I 
646 


=1 
1047 


=1 
649 


-I 
649 


-I 
650 


-I 
1051 


=1 
650l 


1 
1 


~1-B-I~T--7--I~B~I~T~6--I-=B71=T-=5~I~B~I~T~4~I--B-l~~~~~~i-o-: 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 


BUFFER 
IC 
1 
BUFFER 
lA 
ACTlIIE 
1 
ACTJIIE 
BUFFER 
IB 
1 
QBC 
OUT 
I1SB 
ACTJIIE 
- 
- 
BUFIC_ACT 


APPNOT! 


SOURCE 


MaY 
I£RROR_POINTER 
••OFFH 


INC ERROR_POINTER 


MaY 
I£RROR_POINTER 
••OFFH 


INC ERROR-POINTER 


MaY 
I£RROR_POINTER 
••OFFH 


INC ERROR-POINTER 


MOV 
.ERROR_POINTER 
••OFFH 


INC ERROR_POINTER 


MaY.ERROR_POINTER 
••OFFH 


INC ERROR_POINTER 


MaY 
I£RROR_POINTER 
••OFFH 


.ItV' 
• 


.INCLUDE 
(BUFII'IQT.SRC) 
NEW_BUFFER 
I_IN: 


1 
BUFFER 
ID 


ACTlIIE 


10/19/99 
PAIlE 
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land 
.to,...OFFH 


JPoint 
to 
n.lt 
bVte 
of 
coutne1" 
'i.1d 


i.nd 
Ito"'e 
OFFH 


ipoint 
to 
".It 
bVt. 
of 
counter 
field 


iand 
Itore 
OFFH 


'point 
to 
n.lt 
bVt. 0' 
counter 
'ield 


i and 
Itore 
OFFH 


;point 
to 
next 
bWte 
of 
caunter 
'ield 


;And 
stoT'e 
OFFH 


.point 
to 
next 
bWt. 
of 
counter 
field 


'And 
.tore 
OFFH 


.if 
the 
error 
counters 
over'low 
the 


;progr 
•• 
continu 
•• 
to 
loop 
.t 
thi~ 
• location 
until 
H/W 
re •• ts 
the 
device. 


00 
- BUFFER 
lA 
01 
- BUFFER 
IB 
10 - BUFFER 
IC 
11 - BUFFER 
ID 
------1------ 


LAST 
BUFFER 
USED 
BY QSC 
FOR OUTPUT 


1 


LABT 
BUFFER 
USED 
BY LBC 
FOR 
INPUT 


LBC_IN_I1SB 


BUF 1A_ACT 
1 
QSC_OUT_LSB 


1 
LBC_IN_I1SB 


270720-25 
I 


_.er 
• 


» 
'U. 


""N 
CD 


LOC 
OBJ 


MCS-51 
MACRO 
ASSEMBLER 


0296 
20794E 


0299 
207B23 


029C 
207D43 


02'1F 75B200 
02A2 7:)8300 


l\) 
02A5 
E57F 
N 
ex> 
02A7 
FO 
./>. 


02A8 
A3 


02A'1 E57D 


02AB 
FO 


02AC 
A3 


02AD 
ES7C 


02AF 
FO 


02BO 
D27C 


02B2 
C27'1 
02B4 
D278 


02B6 
757B83 
02B9 
757AOO 


LINE 


-1 
653 
=1 
654 
-I 
655 
-I 
6S6 
=1 
657 
-I 
65B 
=1 
65'1 
-I 
660 
=1 
b61 
=1 
662 
-I 
663 
=1 
1.1.4 
=1 
665 
=1 
1.61. 
=1 
1.1.7 
=1 
66B 
=1 
669 


=1 
670 


=1 
671 
=1 
1.72 


=1 
1.73 


=1 
674 


=1 
675 


=1 
676 


=1 
677 


=1 
678 
=1 
67'1 
=1 
680 


-1 
681 
-I 
682 
=1 
6B3 
=1 
684 


-I 
685 
=1 
686 
=1 
6B7 
=1 
688 
=1 
6B9 
=1 
6'10 
=1 
6'11 
=1 
692 
=1 
693 
=1 
6'14 
=1 
6'15 


-1 
696 
=1 
6'17 
=1 
6'1B 
=1 
6'1'1 


=1 
700 


=1 
701 


=1 
702 
=1 
703 
=1 
704 
=1 
70S 


=1 
706 


=1 
707 


APPNOTl 
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SOURCE 


BUFID_ACT 
BUF1B_ACT 


i*** •• *** •••••• ••• •••••••••••••••••••••••••••••••••••• 
••••••••••••••••••••••••• 


JB 
LSC_IN_MSB.LSC_IN_1D_1A 
iif'LSe 
IN I1SB'" 
1 
(le 
or 
10), 
,then 
the 
; •• t 
bulfer 
to 
be 
u~.d 


.• ust 
be 
10 
O~ 
lA. 


JB 
LSC_IN_LSB. 
LSe 
IN 
le 
. l' 
Lse_IN 
= 
018 
then 
ne.t 
buffer 


; for 
LSe 
to 
use 
IS 
le 


LSC_IN_1B 
. 1f 
Lse_IN 
= 
008 
(onl~ 
co_bin.tion 


,l.'t) 
then 
n.lt 
bu"e.,. 
to 
use 
IS 


, lB 


JB 
BUF1D_ACTIVE, 
BUFFERS 
1 FULL 
,1f 
buffe'" 
18 
1S 
active 
then 
the 


.ese 
has 
not ,.t .•ptied 
it 
.nd 


.all 
the 
buffers 
.ust 
be 
full 


MOV 
DPl .• LOW 
CBUF1A_STRT_ADDR} 
- 3 
MOV 
DPH •• 
HIGH 
(BUF 
IA_STRT 
__ADOR) 
;setup 
DPTR 
to 
point 
.t 
the 


.beginning 
of 
buffer 
lA 
(first 
b~t. 


.should 
contain 
nu_be.,. 
of 
bvtes 


MOV 
A. IN_BYTE_COUNT 


MOVX 
eDPTR. A 


j load 
ace 
with 
bllt. 
count 
foT' 
HOVX 


i_tore 
b~t. count 
.t 
first 
b~t. 0' 


i buffeT' 
lA 


INC 
DPTR 
;DPTR 
now 
points 
to 
~h.re the 


lde.tination 
addre •• 
should 
b. 


MOV 
A.QSC_DEST_ADDR 
1get 
stoT'ed 
d.stination 
address 


I10VX .DPTR. A 
i$tore 
destination 
addr 
in 
XR~ 


INC 
DPTR 
iDPTR 
now 
points 
to 
~her. 
source 


.add",.ss 
should 
be 
stored 


MOV 
A.QSC_SRC_ADDR 
;get 
stoTed 
source 
address 


I10VX .DPTR. A 
i.tore 
destination 
addr 
in 
XRAH 


SETB 
BUFIA_ACTIYE 
indicate 
th.t 
nUFIA 
has 
data 
to 
b. 
output 
b~ 
the 
~SC and 
that 
the 
LSe 
has 
moved 
on 
to 
the 
nelt 
buffer 


CLR 
LSC_IN_IISB 
SETB 
LSC_IN_LSB 
iset 
flags 
to 
indicate 
that 
the 


;curT'ent 
input 
buffer 
('or 
LSC) 


iis 
18 


MOV 
LSC_INPUT_LOW 
••LOW 
(BUFIB_STRT_ADDR) 
MOV 
LSC_INPUT_HIGH 
•• HIQH 
(BUF1B_STRT_ADDR) 


j load 
starting 
address 
of 
buffer 
270720-26 


_.er 
• 


» 
'U 
I.•.. 
N 
CD 


MCS-51 
MACRO 
ASSEMBLER 


LOC 
OB.! 
LINE 


-I 
708 


-I 
709 
02BC 
020320 
=1 
710 
~I 
711 


=1 
712 


-I 
713 


-I 
714 
02BF 
207E20 
-I 
715 


=1 
716 


=1 
717 
=1 
718 
02C2 
758280 
=1 
719 
02C:! 758300 
=1 
720 


-I 
721 


=1 
722 


=1 
723 
02Ca 
E57F 
=1 
724 


=1 
725 
02CA 
FO 
=1 
726 


-I 
7'27 


=1 
728 
02CB 
A3 
=1 
729 


-I 
730 


I 


-I 
731 
I\) 
02CC 
E:l70 
-I 
732 
N 
-I 
733 
CO 
02CE 
FO 
-I 
734 
(11 


-I 
735 
02CF 
A3 
-I 
736 
=1 
737 


-I 
738 
0200 
E:l7C 
-I 
739 


-I 
740 
0202 
FO 
=1 
741 


-I 
742 
0203 
0270 
-I 
743 


=1 
744 


=1 
745 


-I 
746 


-I 
747 
0205 
C278 
-I 
748 
0207 
0279 
-I 
749 


=1 
750 


=1 
751 
0209 
757B03 
-I 
752 
020C 
"7AOI 
-I 
7:13 


-I 
754 


-I 
755 


=1 
756 


020F 
020320 
=1 
757 


=1 
758 


=1 
759 


=1 
760 


02E2 
12032E 
=1 
761 


=1 
762 


APPNOTl 


SOURCE 


.!MP NEW_BUFI_IN_ENO 


LSC_IN_IC- 


.!B BUFIC_ACTIVE.BUFFERS_I_FULL 


MOV 
DPl •• LOW 
<BUFIB 
STRT 
AODR) 
- 3 
MOV 
DPH .•HIGH 
(OUFIH_STRT_ADDR) 


MOV 
A. IN_BVTE_COUNT 


MOVX 
@OP1R.A 


INC 
OPTR 


MOV 
A.GSC_OEST_AOOR 


I10VX eDPTR. A 


INC 
OPTR 


MOV 
A. QSC_SRC_AOOR 


I10VX eOPTR. A 


SETB 
BUFIB_ACTIVE 


CLR 
LSC_IN_LSB 
SETB 
LSC_IN_MSB 


10/19/88 
PAQE 
11 


, IB 


; if 
buffer 
le 
is 
active 
then 
the 


lose 
ha. 
not 
~.t 
•• ptied 
it 
and 


.a11 
the 
buffer, 
must 
be 
full 


;setup 
DPTR 
to 
point 
at 
the 


,beginning 
of 
buffer 
18 
(first 
b~t. 


; should 
contain 
number 
of 
b~t.s 


,load 
ace 
with 
b~t. 
count 
for 
HOVX 


.store 
b~t. 
count 
at 
first 
b~t. 
of 


. buffer 
18 


.DPTR 
now 
pOInts 
to 
where 
the 


.destlnatlon 
address 
should 
be 


.get 
stored 
destination 
address 


; store 
de.tlnatlon 
addr 
in 
XRAM 


.DPTR 
now 
points 
to 
where 
source 


;.ddr.~s should 
b. 
stored 


;get 
stored 
source 
address 


istor. 
de.tination 
add~ 
in 
XRAM 


indicate 
that 
BUF1C 
ha5 
data 
to 
be 
output 
b~ 
the 
QSC 
and 
that 
the 
LSe 
has 
Moved 
on 
to 
the 
next 
buffer 


/set 
flags 
to 
indicate 
that 
the 
icurrent 
input 
buffer 
(for 
LSC) 


;i.IC 


MOV 
LSC 
INPUT 
LOW ••LOW 
(BUFIC 
STRT 
AOORI 
MOV 
LSC-INPUT-HIGH 
•• HIGH 
(BUFIC 
STRT 
AODR) 


- 
- 
- 
- 
J load 
5tarting 
addres5 
of 
buffer 


,IC 


.JI1P 
NEW_BUF 
I_I N_ENO 


BUFFERS_IJULL: 


CALL 
IRET 
; if 
the 
buffers 
are 
full. 
th@ 
pg'" 


Iwill 
be 
locked 
in 
the 
LSe 
service 
270720-27 


_. 
€: 
• 


~l' 
.c>o 
fI) 
CD 


LOC 
OB.l 


MCS-'I 
MACRO 
ASSEMBLER 


DOlE' BOAF 


02E7 
207823 


02EA 
207FF' 


02ED 
758200 
02FO 
7'8301 
I 


";-l 
I\) 
CD 
I 
Cl 
02F3 
E'7F 


00lF' FO 


02F6 
A3 


02F7 
E'7D 


00lF<;I 
FO 


02FA 
A3 


02FB 
E'7C 


OOlFD FO 


02FE 
D27E 


0300 
D278 
0302 
D27<;! 


0304 
757BB3 


LINE 


~I 
763 
:1 
764 
al 
765 
:1 
766 
=1 
767 
=1 
768 
=1 
76<;1 
=1 
770 
cl 
771 
=1 
772 
=1 
773 
=1 
774 
~I 
775 
=1 
776 
=1 
777 
=1 
778 
=1 
77<;1 
~I 
780 
=1 
7BI 
:1 
7B2 
:1 
7B3 
:1 
7B4 
=1 
7B' 
=1 
7B6 
cl 
7B7 
-I 
7BB 
~I 
7B<;I 
cl 
7<;10 
cl 
7<;11 
=1 
7<;12 
=1 
7<;13 
-I 
7<;14 
al 
7<;1' 
-I 
7<;16 
-I 
797 
=1 
798 
=1 
79<;1 


-I 
BOO 
al 
BOI 
=1 
802 
=1 
803 


-I 
804 
=1 
805 
=1 
B06 
=1 
807 
=1 
BOB 
=1 
809 
=1 
BIO 
=1 
811 
=1 
BIOI 
=1 
BI3 
=1 
BI4 


cl 
BI5 
=1 
816 


=1 
BI7 


APPNOTl 


SOURCE 


.lMP NEW_BUFFER I_IN 


LSC_IN_ID_IA: 


.lB LSC_IN_LSB.LSC_IN_IA 


LSC_IN_ID: 


.lB BUFID_ACTIYE.BUFFERS 
I FULL 


MOll DPL. eUlW· (BUFIC STRT 
ADDR) 
- 3 
MOV 
DPH. eHiQH 
(BUFIC_STRT_ADDR) 


MOV 
A. iN_BYTE_COUNT 


MOIIX .DPTR.A 


iNe DPTR 


MOV 
A.QSC_DEST_ADDR 


MOVX 
.DPTR.A 


INC DPTR 


MOV 
A.QSC_SRC_ADDR 


I10VX .DPTR.A 


SETB 
BUFIC_ACTiYE 


SETB 
LSC_iN_LSB 
SETB 
LSC_iN_MaB 


MOV 
LSC_iNPUT_LOW.eLOW 
(BUFID_STRT_ADDR) 


10/19/B8 
12 
PAQE 


'Toutin. 
in 
.n 
Hinterrupt 
in 


I progr 
•••..• 
ode. 
If 
the 
DMA then 


; fr ••• 
up • 
buffer, 
th., 
interrupt 


;routine 
cannot 
cl •• r 
the 
buffer 


'active 
bit 
until 
the 
interrupt 


I (EOSTV/EQSTE·) is 
s.rviced 


.continue 
scanning 
active 
buffers 
.until 
on. 
is 
fr •• d 
up 


; if 
LSe_IN 
= 
11 then 
n.lt 
buff.r 


in.lt 
buf'.r 
is 
lA 


; if 
buff.r 
10 t. 
active 
then 
the 


lose 
ha. 
not 
vet 
•• ptied 
it 
and 


;.11 
the 
bu"e" 
•• 
vst 
b. 
full 


i •• tup 
DPTR 
to 
point 
at 
the 


.b.ginning 
0' 
bu,fe" 
le 
(first 
bVt. 


Jshould 
contain 
nu_be" 
0' 
b,t •• 


; load 
ace 
with 
blJt. 
count 
for 
f'1OVX 


istore 
bVt. 
count 
at 
first 
bVte 
of 


ibuffe,. 
lC 


iDPTR 
no~ 
points 
to _h.~.the 
ide.tination 
add~e ••• 
hould 
be 


;get 
stored 
destination 
Addre 
•• 


istore 
destination 
addr 
in 
XR~ 


iDPTR 
no~ 
points 
to 
where 
source 
;Add~ess 
should 
be 
.tored 


iget 
stored 
source 
AddresL 


; store 
destin.tion 
••dd" 
in 
XRNt 


indiCAte 
that 
8UF1C 
hAS 
d ••t•• to 
be 
output 
bV 
the 
QSC 
And 
that 
the 
LSe 
has 
_oved 
on 
to 
the 
nelt 
buffer 


iset 
fl.,. 
to 
indicate 
th.t 
the 


icurrent 
input 
buffe 
•. (for 
LSe) 


iis 
1D 


270720-28 


_.er 


& 


» 
"0 
I~ 
N 
CD 


~C5-'t 
MACRO 
ASSEMBLER 
10/19'S8 
PAGE 
13 
APPNOTI 


LOC 
OBJ 
LINE 
SOURCE 


0307 
757AOI 
=1 
818 
f10V 
LSC_INPU1_HICH 
•• 
HICH 
(BUFIO_.STR1_ADDR) 


=1 
819 
,load 
starting 
address 
of 
buf~er 


=1 
820 
, ID 


=1 
821 


030A 
020320 
=1 
822 
JMP 
NEW 
BUF 1 
IN 
FNO 


=1 
823 


=1 
824 
LSe 
IN 
1A 


=1 
825 


0300 
201C02 
=1 
826 
JB 
BUF 
lA 
AC T TV£".BVf='-=-ERS 
I 
-=-UlI 
· If 
buffer 
lA 
IS 
actIve 
thpn 
thp 


=1 
827 
.OSC 
has 
not 
~.t 
emptIed 
It 
and 


"I 
828 
.• 11 
the 
bu'~ers 
~ust 
b. 
full 


= 1 
82q 


0310 
158280 
' I 
830 
MOV 
OPt 
.• 
1 OW 
(BUFtU 
STRT 
AODRI 
3 
0313 
7~8301 
-I 
831 
MOV 
OPIL.HIGH 
COUF"IO 
STRT 
AOnR) 
·setup 
OP1R 
to 
pOint 
at 
the 


-I 
B32 
.beglnning 
of 
buf~er 
10 
<fIrst 
bytp 


01 
B33 
· should 
contain 
number 
of 
b~tes 


·1 
B34 
0316 
E57F 
01 
B35 
MOV 
A. 
IN_DYTE_COUN'r 
· load 
ace 
with 
byte 
count 
for 
MOVX 


=1 
B36 
031B 
FO 
= I 
B37 
I"IOVX 
.OPTR.A 
.store 
byte 
count 
at 
first 
byte 
of 


=1 
B3B 
·buffer 
lA 


=1 
B39 


0319 
A3 
=1 
840 
INC 
OP1R 
.DPTR 
now 
points 
to 
where 
the 


I\) 


I 


= I 
B41 
.destination 
address 
should 
be 
rU 
=1 
B42 


(X) 
031A 
E510 
=1 
843 
MOV 
A.GSC_DEST_AOOR 
,get 
stored 
destination 
address 
-.J 
~I 
B44 


031C 
FO 
zl 
845 
r10VX @OPTR. A 
istor. 
destination 
addr 
in 
XRAM 


=1 
846 
0310 
A3 
=1 
847 
INC 
OPTR 
;DPTR 
now 
points 
to 
where 
source 
=1 
848 
iaddre5s 
should 
b. 
stored 


=1 
849 
031E 
E57C 
~I 
850 
MDV 
A.GSC_SRC_AOOR 
;get 
stored 
source 
address 
=1 
851 
0320 
FO 
=1 
852 
!1OVX @DPTR. A 
; store 
destination 
add)- 
in 
XRAf"t 


=1 
853 
0321 
027F 
=1 
854 
SETB 
BUFIO_ACTIVE 
• indicate 
th.t 
BUFID 
has 
data 
to 


=1 
855 
Ib_ 
output 
b, 
the 
CSC 
and 
th.t 
the 
=1 
856 
;LSC 
h.s 
_oved 
on 
to 
th. 
next 


~I 
B:!7 
, buff.r 


=1 
B58 
0323 
C278 
=1 
859 
CLR 
LSC_IN_LSB 
;set 
fl_gs 
to 
indicate 
that 
the 
0325 
C279 
=1 
860 
CLR 
LSC_IN_MSB 
icurrent 
input 
buffer 
(for 
LSe) 


=1 
861 
; is 
lA 


=1 
862 


0327 
757B03 
=1 
8b3 
I10V LSC_I NPUT _LOW. 'LOW 
IBUF IA_S1RT _AODR ) 
032A 
75?AOO 
=1 
864 
MOV 
LSC_INPUT_HIGH 
•• HI~H 
IBUFIA_STRT_AODR) 


=1 
865 
i load 
starting 
address 
of 
buffer 


=1 
866 
, lA 


=1 
Bb7 


=1 
B68 
NEW_BUFI_IN_ENOo 


0320 22 
=1 
869 
RET 


=1 
B70 


=1 
B71 


=1 
B72 
IRETo 
270720-29 


_.er 
• 


~l'~ 
I\) 
CD 


I\)~ 
CD 
CD 


0355 0203Ab 


LOC 
OBJ 


MCS-SI 
MACRO 
ASSEMBLER 
APPNOTI 


LINE 
SOURCE 


10/19/BB 
PAGE 
14 


032E 32 


032F 30D903 


0332 0203AF 


0335 20D9FA 


0338 207B37 


033B 207,.1" 


033E 307CbE 


0341 900000 


0344 EO 


034S F5E2 


0347 75£300 


034,. ,.3 


034B 8M12A2 
034E 8583A3 


0351 C27B 
0353 D27,. 


=1 
873 
=1 
874 
=1 
87S 
=1 
876 
=1 
877 
-I 
878 
=1 
879 
=1 
BBO 
=1 
891 
=1 
BB2 
=1 
B83 
=1 
884 
=1 
B85 
=1 
BB6 
=1 
B87 
=1 
B88 
=1 
8B9 
=1 
B90 
=1 
B91 
=1 
B92 
=1 
893 
=1 
894 
=1 
895 
=1 
B96 
=1 
897 
=1 
B98 
cl 
899 
=1 
900 
cl 
901 
=1 
902 
-I 
903 
=1 
904 
=1 
90S 
-1 
906 
-I 
907 
-1 
90S 
=1 
909 
-I 
910 
-1 
911 
-I 
912 
-I 
913 
-1 
914 
-I 
91' 
=1 
916 
-I 
917 
=1 
919 
=1 
919 
-I 
920 
-I 
921 
=1 
922 
=1 
923 
=1 
924 


-I 
925 
=1 
926 
=1 
927 


RETI 


NEW_BUFFER 
I_OUT, 


JNB 
TEN.SECOND_TEN_CHEC~ 


TRANSMISSION_IN_PROQRESS 
JMP 
NOTHINGfOA._GSC 


SECOND 
TEN 
CHECK 
J8-TEN~TRANS~ISSION 
IN_PROGRESS 


JB 
GSC_OUT_MSB.GSC_OUT_IC_1D 


JB 
GSC_OUT_LSB, 
GSC_OUT_IB 


GSC_OUT_IA 


JNB 
BUFI,._ACTIVE.NOTHING_FOR_GSC 


MOV 
DPTR •• (BUFI,._9TRT_ADDRl 
-3 


I10VX A •• 
Dl'TR 


I10V 
BCRLO.A 


I10V 
BCRHO •• O 


IHe 
DPTR 


I10V 
SARLO.DPL 
I10V 
SARHO. 
DPH 


CLR 
GSC_OUT_MSB 
SE TB 
GSC_OUT_LSB 


J"P 
START_elSC_OUT 


elSC_OUT 
IS, 


i"e-en.ble 
interrupts 


do 
not 
st.rt 
.nothe" 
transm,s.ion 
if 
one 
is 
1n 
progr." 
(signified 
b~ 
TEN 
~ 
11 
but 
this 
should 
never 
h.ppen 


.do 
not 
start 
a 
new 
ase 
Imlt 
l' 
one 


· 11 
curr.ntJ~ 
In 
progress 


.second 
one 
In 
ca,e 
Interrupt 
during 
prevIous 
test 


.1' 
05C_OUT_1'tS0 
z 
1 then 
current 
· buffer 
IS 
le 
or 
10 


.1 f 
OSC_OUT 
= 
018 
then 
current 


· buffer 
I" 
18 


.1 f 
eSC_OUT = 
008 
then 
the 
bu"e" 


; is 
lA 


; if 
buffe" 
lA 
is 
not 
.ctive 
then 
ithe 
LSe 
hAS 
not 
~.t 
filled 
it 


i,ince 
the 
OSC 
eMptied 
it 
l.,t 


~la.d 
DPTR 
.ith 
.ddres, 
of 
b~te 
ith.t 
holds 
bVt. 
count 
for 
lA 


iget 
b~te 
count 
'or 
bu,fer 
lA 


; la.d 
DKA 
b~te count 
.ith 
length 
iaf 
.es'_ge 
to 
tr.ns.it 


;insu~e high 
bvte 
count 
- 0 
i (.hould 
.lre_dv 
be 
0) 


iDPTR 
now 
points 
.t 
dest 
.ddr 


I source 
_ddress 
'or 
st.rt 
0' 
;data 
to 
.end 


.indicate 
nelt 
output 
buffer 
will 


• be 
buffer 
18 


.routine 
that 
.t.rt, 
tr.nsmis.ion 


i if 
OSC_OUT 


; is 
18 
OlD 
then 
the 
buffer 


270720-30 


_.er 
~ 


~-0. 
•••• 
N 
CD 


MCS-'I 
MACRO 
ASSEMBLER 


LOC 
OB.) 


03'8 
3070'4 


03,B 
900080 


03'E 
EO 


03'F 
F'E2 


03bl 
7'E300 


03b4 
113 


03b5 
8'82A2 
03b8 
8'83A3 


03bB 
027B 
0360 
C27A 


I\)~ 
03bF 
0203Ab 
CO 
<0 


0372 207AIA 


037' 
307E37 


0378 
900100 


037B 
EO 


037C 
F5E2 


037E 
75E300 


0381 
A3 


0382 
8'82A2 
038' 
8583A3 


LINE 


-I 
928 


-I 
929 


-I 
930 
=1 
931 


=1 
932 


=1 
933 
=1 
"34 


=1 
93' 
=1 
93b 


=1 
937 


=1 
938 
=1 
939 


=1 
940 


=1 
941 


=1 
942 


=1 
943 


=1 
944 


=1 
945 


=1 
94b 


=1 
947 


=1 
948 


=1 
949 


=1 
9"0 


=1 
951 


-I 
952 


-I 
953 


-I 
9'4 


-I 
9" 


-I 
95b 


-I 
'157 


-I 
'1"8 
-I 
'15'1 
-I 
'1bO 
-I 
'1bl 
-I 
'1b2 
-I 
963 


-I 
'1b4 


-I 
'1b5 
-I 
'1bb 


-I 
'1b7 
=1 
'1b8 


-I 
'1b'1 


-I 
'170 


=1 
'171 
=1 
'172 


-I 
'173 


-I 
'174 


=1 
'175 
=1 
'17b 


-I 
'177 


-I 
'178 


=1 
'17'1 


-I 
'1B0 


-I 
'181 


=1 
982 


APPNOTI 


SOURCE 


.!NB BUFIB_ACTIVE.NOTHINQ_FOR_OSC 


MOV 
OPTR ••'BUFIB_STRT_AOOR) 
-3 


MOVX 
A •• 
DPTR 


MOV 
BCRLO.A 


MOV 
BCRHO ••O 


INC DPTR 


MOV 
SARLO. DPL 
MOV 
SARHO.OPH 


SETB 
~SC_OUT_MSB 
CLR 
QSC_OUT 
_LSD 


')MP START_QSC_OUT 


OSC_OUT _IC_IO: 


.)B ~SC_OUT_LSB.QSC_OUT_IO 


OSC_OUT_IC: 


.!NB BUFIC_ACTlVE. NOTHINQJDR_OSC 


MOV 
DPTR •• (BUFIC_STRT_AODR) 
-3 


MOVX 
A ••OPTR 


ttOV BCRLO.A 


ttOV BCRHO. eo 


INC OPTR 


1101ISARLOfOPL 
1101ISARHO.DPH 


1011'1/88 
PAOE " 


; iF 
buffe" 
18 
is 
not 
.ctive 
then 


.the 
LSe ha. not 
~.t 
filled 
it 


;s1nce 
the 
QSC 
.~pti.d 
it 
last 


; load 
OPTR with 
add".S5 
of 
b~te 


.that 
holds 
byte 
count 
for 
18 


.,.t 
byte 
count 
for 
buff.r 
18 


· load 
0f1A bVtp 
count 
with 
length 


,of 
m •• sage 
to 
transMit 


· )"IU". 
high 
byte 
count 
= 0 


,(should 
alr •• dy 
b. 
0) 


.DPTR 
now 
points 
at 
dpst 
addr 


.source 
address 
for 
start 
of 


.data 
to 
s.nd 


, indicate 
n.lt 
output 
buffer 
will 


· b. 
bu'fe" 
le 


.routln. 
that 
starts 
transmission 


.output 
bu"." 
will 
be 
ID 
if 


I OSC_OUT 
• 
liB 


; if 
QSC 
OUT 
• 
lOB 
then 
the 
buffer 


J is le - 


J i' 
bu'fer 
IC 
i. 
not 
active 
then 


,the 
LSe 
ha. 
not 
~.t 
ftlled 
it 
;since 
the 
OSC 
•• ptied 
it 
last 


i lOAd 
DPTR 
with 
address 
of 
bvte 


,that 
hold. 
bVte 
count 
for 
le 


Iget 
bVte 
count 
for 
buffer 
IC 


;load 
DMA 
bVte 
count 
~ith 
length 


lof 
••••• 
g. 
to 
tTans.it 


;insur. 
high 
bVt. 
count: 
0 


; (should 
aIT •• dv 
b. 
0) 


iDPTR 
now 
points 
at 
dest 
addr 


isource 
address 
for 
start 
of 
270720-31 
I 


_.er 
~ 


):0 
l' 
.co.~ 
CO 


MCS-51 MACROASSEMBLER 
APPNOTI 


LDC 
OB,) 
LINE 
SOURCE 


~I 
983 


-I 
984 
03BB D27B 
-I 
985 
SETB QSC_OUT_I'I5B 
03BA D27A 
-I 
9B6 
SETB elSC_OUT_LSB 


-I 
9B7 


-I 
9BB 
03BC 0203Ab 
-I 
9B9 
')MP START_elSC_OUT 


-I 
990 


=1 
9••1 
elSC_DVT_ID: 


=1 
••92 


-I 
••93 
03BF 307FID 
-I 
••••4 
.JNB BUFID_ACTIYE.NDTHINQ_FOR_elSC 


=1 
••••5 


=1 
996 


=1 
••97 
03"2 
"00180 
=1 
••••B 
I'IDV DPTR.aCBUFID_STRT_ADDRI 
-3 


-I 
999 


=1 
1000 
03"5 
EO 
=1 
1001 
I'IOVX A•• DPTR 


=1 
1002 
03"6 
F5E2 
=1 
1003 
I'IOV BCRLO.A 


=1 
1004 


-I 
1005 


I 


03••8 75E300 
=1 
1006 
MDV BCRHO.eo 
I\) 
-I 
1007 
N 
=1 
1008 
CD 
039B 
A3 
-I 
1009 
INC DPTR 
0 
-I 
1010 
039C B582A2 
-I 
1011 
I'IOV SARLO.DPL 
039F 
B5B3A3 
-I 
1012 
I'KIV SARHO.DPH 


-I 
1013 


=1 
1014 
03A2 
C27B 
~I 
1015 
CLR QSC_OUT_I'I5B 
03A4 
C27A 
-I 
1016 
CLR elSC_OUT_LSB 


-I 
1017 


-I 
10lB 


-I 
1019 
START_elSC_OUT: 


-I 
1020 
03Ab 
D2D9 
-I 
1021 
SETB TEN 


-I 
1022 
03AB D2CB 
-I 
1023 
SETB EClSTV 


-I 
1024 


=1 
1025 
03AA D2CD 
-I 
1026 
SETB EQSTE 


-I 
1027 
03AC 439201 
-I 
1028 
ORL DCONO.aOI 


-I 
1029 


-I 
1030 
NIlTHI NO_FDR_QSC: 


=1 
1031 
03AF 22 
-I 
1032 
RET 


-I 
1033 


~I 
1034 
1035 
+1 
.INCLUDE 
(BUF2t1CIT.SRCI 


-I 
1036 
NEW_BUFFER2_IN: 


=1 
1037 


IO/l9/BB 
PAOE 
16 


id.t. 
to 
send 


;indicate 
"elt 
output 
bu,fer 
will 


j b. 
buff." 
10 


;routin_ 
that 
starts 
trans~ission 


i if 
QSC_OUT - 
liB 
then 
the 
buffe" 


; is 
10 


. if 
buf'.r 
10 
is 
not 
active 
then 


. the 
LSC has 
not 
tlet 
filled 
it 


;sinc. 
the 
~ 
•• ptie_ 
it 
last 


; load 
DPTR with 
oaddrl'ss 
of 
bljte 


;that 
holds 
b~t. count 
for 
10 


Jget 
b~t. 
count 
for 
buff.r 
ID 


; load 
~ 
b~t. 
count 
~ith 
length 


; of 
•• s.a •• 
to t".,:, •• 1t 


; insur. 
hi,h 
bWt. 
count 
c 
0 


; (should 
.Ir •• dv 
b. 
0) 


iDPTR 
now 
points 
at 
d.st 
add" 


; lourc. 
add,...,. 
f01" .tart 
of 


; d.t. 
to 
•• nd 


; indicat. 
next 
output 
bu#f.~ 
will 
; be 
buffer 
lA 


.routine 
that 
start. 
trans_ission 


; enable 
QSC tran •• itter 


i enable 
Qse 
trans_it 
valid 
(TDtU 


; interrupt 


;enable 
Q5e 
tr.n._it 
error 
int 


; start 
DttA which 
starts 
d.ta 
output 


270720-32 


_.l 
• 


~ 
"'D.•• 
N 
CD 


I\) 
r\> 
~ 


03CO 7476 


LOC 
OBJ 


MCS-51 ~CRO 
ASSE"BLER 


LINE 


BUFFER 2C 
: 
BUFFER 2A 
ACTIVE 
: 
ACTIVE 
BUFFER 2D 
: 
BUFFER 2B 
: 
QSC_IN_~B 
: 
LSC_OUT_"SB 
: 
,. 


ACTIVE 
: 
ACTIVE 
: 
: 
: 
"tI 
BUF2Cj,CT 
: 
BUF2A_ACT 
GSC_IN_LSB 
LSC_OUT_~B 
, 
.11> 
: 
~ 
BUF2Dj'CT 
BUF2B_ACT 
ID 


APPNOTl 
10/19/88 
17 
PAQE 


SOURCE 


i*** ••••• ·.*··... *••• **••••••••••••••••• 
**••• **······· •••........ **** ••••••• **. 


iThi 
••• 
ction 
u•••• 
bit 
.ddr 
•••• 
bl. 
control 
b~t. 
to 
d.termine 
~hich 
buffers 


i,re 
.ctive 
(cont.ins 
d.t. 
for 
LSe 
to 
output), 
the 
l•• t 
bu'fer 
used 
by 
the 
LSe 


ifor 
output 
.• 
nd 
the 
1.st 
buffer 
us.d 
by 
the 
esc 
'or 
input 


iTh. 
control 
b~t. 
is 
defined 
•• 
folIo 
•• : 


00 
01 
10 
11 


BUFFER 2A 
BUFFER 2B 
BUFFER 2C 
BUFFER 2D 


03BO :107343 


03B3 20721E 


0386 
207639 


03B9 758:100 
03BC 759302 


039F 
C3 


-I 
1038 
-I 
103'1 
-I 
1040 
-I 
1041 


si 
1042 


-I 
1043 
=1 
1044 


~1 
1045 


-1 
1046 


11>'1 
1047 


=1 
1048 
=1 
1049 


=1 
1050 


-I 
1051 
=1 
1052 


=1 
1053 


=1 
1054 
=1 
1055 


=1 
1056 


a:-l 
1057 


=1 
1058 


=1 
105'1 


=1 
1060 


=1 
1061 


=1 
1062 


-I 
1063 


-I 
1064 


-I 
1065 


-I 
1066 
-I 
t067 


=1 
1068 
-1 
1069 
-I 
1070 
-I 
1071 
DI 
107:1 
-I 
1073 
=1 
1074 
-1 
1075 


-I 
1076 
-I 
1077 
-I 
1078 


-I 
1079 


=1 
1080 


-I 
lOBI 
-I 
IOB2 


-1 
IOB3 


=1 
1094 


=1 
1085 


=1 
1096 


=1 
1087 


=1 
IOB8 


-I 
1089 


=1 
1090 


-I 
10'11 


=1 
10'1:1 


LAST BUFFERUSED 
BY 
QSC 
FOR 
INPUT 
LAST BUFFER USED 
BV 
LSe 
FOR 
OUTPUT 
-'- 
, 
, 
, 


: 
BIT 
7 
: 
BIT 
6 
: 
BIT 
5 
: 
BIT 
4 
: 
BIT3:BIl~~I"TBI~--o-T 


------ ------:------:------:------:------,------:------: 
: 
: 
: 
: 
: 
: 
: 
: 


i 
••••• 
**•••••••••• ··.··············**················· 
.•..•.•.•••••••••.•. **••• 


JB GSC_IN_~B,QSC_IN_2D_2A 
i H gSC_IN_~B 
- 
1 (2C or 
2D), 


;th~n 
the 
nelt 
buff.r 
to 
be 
used 
; Must 
be 
2D 
OT 
2A. 


JB GSC_IN_LSB,OSC_IN_2C 
; if 
QSC 
IN 
- 
018 
then 
n~lt 
buffer 
,'or 
GSC 
to 
use 
is 
2C 


GSC_IN_2B: 
_I' 
QSC_IN 
= 008 
(onl~ 
combfn.tion 
ileft) 
then 
next 
buffe 
•. to 
use 
is 


i~ 


JB BUF2B_ACTlVE, BUFFERS_2]ULL 
; if 
buffer 
28 
is 
active 
then 
the 
.LSC 
has 
not 
~.t •••ptied 
it 
and 


;.11 
the 
buffers 
Nust 
be 
full 


"~V 
DPL,'LOW 
(BUF2A_STRT_ADDR) - 


"OV DPH,'HIQH 
(BUF2A_STRT_ADDR) 
isetup 
DPTR 
to 
point 
at 
the 
,beginning 
of 
buffer 
2A 
(first 
b~t. 


.should 
contain 
nu.ber 
of 
b~tes 


CLR 
C 
,for 
SUBB 


MOV A,' 
(~X_LENQTH) 
- 
2 
'Maximum 
packet 
length 
and 
the 
; initi.l 
value 
for 
BCRLl 
(-2 
270720-33 


11 


_.l 
• 


LDC 
DB.J 


MCS-'1 
MACROASSEMBLER 


LINE 


03C2 9:1F2 


03C4 FO 


03C:I 0277 


03C7 C273 
03C9 0272 


03CB 757981 
03CE 757902 


0301 
020432 
J\)ro 
CD 
J\) 
I 
0304 
207:11B 


0307 
7~290 
03DA 7~302 


0300 
C3 


030E 747b 


03E09:IF2 


03E2 FO 


03E3 D27b 


_I 
1093 
cl 
1094 
_I 
1095 
_I 
109b 
:1 
1097 
-I 
1098 
"'1 
1099 
=1 
1100 
cl 
1101 
-I 
1102 
cl 
1103 


:1 
1104 
:1 
1105 


:1 
110b 
:1 
1107 


;1 
1109 
=1 
1109 
:1 
1110 


:1 
1111 
cl 
1112 


cl 
1113 


:1 
1114 
:1 
1115 
=1 
l11b 
cl 
1117 


=1 
1119 
=1 
111'1 
=1 
1120 
_I 
1121 
_I 
1122 
-I 
1123 
-I 
1124 
-1 
1125 
-I 
112b 
-I 
1127 
_I 
1129 
-I 
112'1 
-I 
1130 
-I 
1131 
-I 
1132 
-I 
1133 
cl 
1134 
-I 
1135 
-I 
113b 
-I 
1137 
=1 
1138 


cl 
1139 
=1 
1140 
=1 
1141 
-I 
1142 


=1 
1143 


=1 
1144 


cl 
1145 


-I 
114b 


=1 
1147 


APPNOTI 


SOURCE 


SUBB A. BCRLI 


MOVX .DPTR.A 


SETB BVF2A_ACTIVE 


CLR CSC_IN_MSB 
SETB C:SC_IN_LSB 


10/19/99 
PAc:E 
19 


• subtracted 
becau 
•• 
first 
2 
b~t•• 


;.re 
the 
de.tination 
and 
source 


•• dd,. ••••• 


J load 
ace 
with 
bVte 
count 
for 
MOVX 


.store 
bVte 
count 
at 
first 
bVt. 
of 


; buf'er 
2A 


indicate 
that 
BUF2A 
has 
data 
to 
be 
output 
bV 
the 
Lse 
.nd 
that 
the 
ose 
ha. 
Moved 
on 
to 
the 
ne. 
t 
buffe" 


i •• t 
flags 
to 
lndicat. 
that 
the 


;current 
input 
buffer 
(for 
GSC) 
. is 
28 


!1OV CSC_INPUT_LOW.4ILOW(BVF2B_STRT_ADORI 
MOV QSC_INPUT_HIQH•• HICH 
(BVF2B_5TRT_AODR) 


I load 
starting 
addre.s 
of 
buffe,. 


i 2B 


; if 
buffe,. 
2C 
1. 
active 
then 
the 
,LSC 
h•• 
not 
vet 
•• ptied 
it 
and 


i.l1 
the 
buff.r •• 
u.t 
b. 
full 


I •• tup 
DPTR 
to 
point 
at 
the 
Ibeginning 
0' 
buf'.r 
28 
('irlt 
b~t. 


I.hould 
eont.in 
nu.b.~ of b~t•• 


J '01" 
SUII 


I •• ximu. 
p.et.t 
l.ngth 
.nd 
the 


liniti.l 
v.lu. 
for 
seRLI 
( 2 


I.ubtr.et.d 
b.e.u •• 
first 
2 
b~t •• 
'.1". 
the 
d•• tin.tion 
and 
lource 


i.ddr ••••• 


i lo.d 
ec c 
with 
b\lt. count 
for 
ttOvX 


iltore 
bvte 
count 
.t 
first 
b~te 
of 


i bufhr 
2B 


indic.te 
th.t 
BUF2B 
has 
dat. 
to 
be 
output 
bV 
the 
LSe 
and 
that 
the 
QSC 
has 
_oved 
on 
to 
the 
nelt 
buffer 


270720-34 


.JMP NEW_BVF2_IN_END 


C:SC_IN_2C: 


.IS SVF2C_ACTIVE. BVFFERS~_F\ILL 


MOV DPL. .LOW (BVF28_BTRT_ADIlRI 
- 
I 
MOV DPH•• HIQH (BVF2B_STRT_AODRI 


CLR C 


MOV A•• (MAX_LENQTHI - 
2 


SUBB ,.. BCRL! 


I'IOVX .DPTR.A 


SETB BVF2B_ACTIVE 


_.er 
• 


,. 
'U 
I~N 
CD 


I\)ro 
(0w 


0408 
D275 


LOC 
OB.! 


~CS-S\ 
~ACRO A8SE~BLER 


LINE 


APPNOTI 
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03E' 
C272 
03E7 D273 


03E9 7'7901 
03EC 7'7803 


03EF 020432 


03F2 712E 


03F4 aOBA 


03Fh 2072IE 


03F9 2074Fh 


03FC 759200 
03FF 758303 


0402 C3 


0403 
747h 


0405 
9SF2 


0407 FO 


cl 
1149 
=1 
1149 
=1 
1150 
-1 
1151 
=1 
1152 
=1 
1153 
=1 
1154 
=1 
1155 
=1 
!ISh 
=1 
1157 
=1 
1158 
=1 
1159 
~I 
1160 
=1 
1161 
::::1 
1162 
=1 
1163 
=1 
1164 
=1 
1165 
=1 
1166 


==1 
1167 


=1 
1168 


=1 
1169 
=1 
1170 
=1 
1171 
=\ 
1172 
=1 
1173 
-I 
1174 
=1 
117' 
=1 
1176 
RI 
1177 
Cl 
1179 
-I 
1179 
-I 
1190 
-I 
1181 
-I 
1182 
cl 
1193 


-I 
1184 
-I 
118' 
=1 
1186 
=1 
1197 
=1 
1188 
=1 
1189 
-I 
1190 
-I 
1191 
=1 
1192 


-I 
1193 
=1 
1194 
=1 
1195 
-I 
1196 
=1 
1197 
=1 
1198 


=1 
1199 


=1 
1200 


=1 
1201 


=\ 
1202 


SOURCE 


CLR QSC_IN_LSB 
SETB QSC_IN_~B 


.set 
flags 
to 
indicate 
that 
the 
;current 
input 
buffer 
('or 
QSC) 
; is 
2C 


MOV QSC INPUT LOW•• LOW (BUF2C STRT ADDR) 
MOV QSC:INPUT:HIQH •• HIQH (BUF2c_STRT_ADDR) 


; load 
~tarting 
addre5s 
0' 
buffer 


;~ 


.JI'tP NEW_BUF2_IN_END 


BUFFERS_2_FULL: 


CALL IRET 
if 
the 
buff.,,,s 
ar. 
full. 
the 
pgm 
~ill 
be 
locked 
in 
the 
GSC 
serV1C. 
routine"in 
an 
~int.rrupt 
in 
prog"" •• " .ode. 
If 
the 
Df1A then 
fr ••• 
up ,. buff.r. 
thl!' interrupt 
;routine 
Cannot 
cl •• r 
the 
buffer 
.active 
bit 
until 
the 
interrupt 


i (EQSRV/EQSRE) 
is 
serviced 


JMP NEW_BUFFER2_IN 
•continue 
scanning 
active 
buffers 
.until 
on. 
is 
freed 
up 


QSC .IN_2D_2A: 


.!B QSC_IN_LSB.QSC_IN_2A 
•i' QSC_IN. 
11 
then 
nelt 
buffer 
in.xt 
buff.r 
is 
2A 


QSC_IN_2D: 


.!B BUF2D_ACTIVE.BUFFERS_2_FULL 
; if 
buff 
•.•.2D 
is 
active 
th.n 
the 


iLSC 
has 
not 
~.t ••ptied 
it 
and 
,all 
the 
buffer 
•• 
u.t 
be 
full 


MOV DPL.4ILOW 
(BUF2C_STRT_ADDRI - 
MOV DPH•• HIQH (BUF~_STRT_ADDR) 
isetup 
DPTR 
to 
point 
at 
the 


;beginninl 
of 
buffe,. 
2C 
(first 
bVt. 


,should 
contain 
nu.ber 
of 
bVt •• 


CLR C 
; for 
SUSS 


MOV A•• (KAX_LENOTH) - 
2 
maxi_uM 
p.c •..•t 
length 
and 
the 
initial 
vaJue 
for 
SeRLl 
( 2 


subtracted 
bec.use 
fiT5t 
2 
blJt•• 


are 
the 
destination 
and 
source 
addre.se. 


SUBB A. BCRLI 
; loaet ace 
••ith 
bVte 
count 
for 
t10VX 


IIOVX eDPTR.A 
•store 
bVt. 
count 
at 
first 
bVte 
of 
; bufF.,. 
2C 


SETB B~~_ACTlVE 
; indicate 
that 
BUF2C has 
data 
to 
270720-35 
I 


_.er 


8 


~l' 
.co. 
~ . 


I\) 
N 
CD 
-I> 


042C 757901 
042F 757802 


LOC 
OB'" 


MCS-'I 
MACRO 
ASSEMBLER 


LINE 


APPNOTI 
10/19/88 
20 


270720-36 


040A D272 
040C D273 


040E 7'7981 
0411 7'7803 


0414 020432 


0417 2077D8 


041A 758280 
041D 758303 


0420 C3 


0421 7471. 


0423 9'F2 


042' 
FO 


0421. D274 


0428 C272 
042A C273 


-I 
1203 
-I 
1204 
-I 
120' 
=1 
120b 
-I 
1207 


-I 
1208 
-I 
1209 
-t 
1210 


:cl 
1211 
=1 
1212 
-I 
1213 


.••1 
1214 
=1 
1215 
=1 
1211. 


::cl 
1217 
=1 
1218 
=1 
1219 
-I 
1220 
=1 
1221 


=1 
1222 


=1 
1223 
=1 
1224 


=1 
1225 


=1 
1226 


=1 
1227 


=1 
1228 


-I 
1229 
=1 
1230 


-I 
1231 


-I 
1232 
=1 
1233 


-I 
1234 


-I 
1235 
=1 
1231> 
=1 
1237 


-I 
1238 
=1 
1239 
=1 
1240 
=1 
1241 


-1 
1242 
-I 
1243 


-I 
1244 
"1 
124~ 


-I 
1241. 


-I 
1247 
=1 
1248 


-I 
1249 


-I 
1250 
=1 
1251 
=1 
1252 


=1 
1253 


=1 
1254 


-I 
1255 


=1 
1251. 


=1 
1257 


PAGE 


SOURCE 


lb. 
output 
bV 
the 
LSC 
and 
that 
the 
IQse 
h •• 
_Dyed 
on 
to 
the 
n •• t 


,buffer 


SETB 
GSC_IN_LSB 
SETB 
GSC_IN_MSB 


,set 
flag5 
to 
indicate 
th.t 
the 


,current 
input 
buffer 
('or 
QSC) 


i is 
2D 


~V 
GSC_INPUT_LOW 
.•LOW 
(BUF2D_STRT_ADDR) 


~V 
QSC 
INPUT 
HJOH .• HIGH 
<BUF2D 
STRT 
ADDR) 


- 
- 
- 
- 
; load 
starting 
addr 
••• 0' 
bufFer 


.20 


..IMPNEW_BUF2_IN_END 


GSC_IN_2A 


"'B BUF2A_ACTIVE.BUFFERS 
2 
FULL 
; if 
bu'fer 
2A 
is 
active 
then 
the 


;LSC 
h.n 
not 
.•• t 
•• p t led 
it 
and 


ia11 
the 
buffers 
must 
b. 
full 


MaV 
DPL •• LOW 
(BUF20 
STRT 
ADDR) 
- 


MOV 
DPH .•HIGH 
(BUF2D_STRT_ADDR) 
i •• tup 
DPTR 
to 
point 
at 
the 


Ib.gin"i"g 
of 
buffer 
2D 
(first 
byte 


.should 
contain 
nu_ber 
of 
bytes 


CLR 
C 
,for 
SUBB 


~V 
A •• (MAX_LENGTH) 
- 2 
J~.limum 
packet 
length 
and 
the 


linitial 
value 
for 
BCRLl 
( 
:2 


;subtracted 
because 
first 
2 
bVtes 


lare 
the 
destination 
and 
SOUTce 


iaddres 
•• s 


SUBB 
A.BCRLI 
I load 
ace 
with 
bVte 
count 
for 
MOVX 


MOVX 
.OPTR.A 
lstore 
bvte 
count 
at 
first 
bVte 
of 
Ibuffer 
2A 


SETB 
BUF2D_ACTIVE 
I indicat. 
th.t 
BVF2D 
has 
data 
to 


Ibe 
output 
bV 
the 
LSe 
and 
th.t 
the 


lOse 
h.s 
_oved 
on 
to 
the 
ne.t 


;buffer 


CLR 
GSC_IN_LSB 
CLR 
ClSC_IN_HSB 


,s.t 
f1.gs 
to 
indicate 
that 
the 
;Current 
input 
buffer 
(for 
QSC) 


; is 
2A 


HOV 
QSC 
INPUT 
LOW •• LOW 
(BUF2A 
STRT 
ADDR) 
HOV 
QSC-INPUT-HIGH 
•• HIGH 
(BUF~A 
STRT 
ADDR) 
- 
- 
- 
- 
.load 
starting 
address 
of 
buffer 


.2A 


NEW_BUF2_IN_END: 


_.er 


8 


». 
'tI..•.. 
N 
CO 


HCS-'I 
~CRO 
ASSE~LER 
APPNOTI 


LOC 
08.) 
LINE 
SOURCE 


0432 
8'79D2 
-I 
12'8 
~ 
DARLI.gSC_INPUT_LOW 
043' 
8'78D3 
-I 
12'9 
P1OI/DARHb 
gSC_INPUT 
_HigH 


~I 
1260 


-I 
1261 


-I 
1262 
0438 
75FJOO 
-I 
1263 
~ 
8CRHI.I'O 
04387",278 
-I 
1264 
~ 
8CRLI.~X_LENQTH 


-I 
126' 
043E 
22 
-I 
1266 
RET 


~I 
1267 


-I 
1268 


-I 
1269 
NEW_8UFFER2_OUT: 


-I 
1270 
043F 
JObE03 
=1 
1271 
.!N8 LSC_ACTlI/E. SECOND_LSC_.CHECK 


-I 
1272 


-I 
1273 


-I 
1274 


-I 
1275 


=1 
1276 
LSC_XHI 
T_IN_PROI:RESS: 


0442 
0204A9 
-I 
1277 
.!HP NOTHING_FOR_LSC 


-I 
1278 


=1 
1279 


=1 
1280 
SECOND 
LSC 
CHECK: 


I 


044' 
20bEFA 
-I 
1281 
.)B-LSC=ACTIIIE.LSC_XHIT_IN_PROI:RESS 
I\) 
-I 
1282 
N 
-I 
1283 
<0 
0448 
207128 
-I 
1284 
.)8 LSC_OUT_HSB.LSC_OUT_0lC_2D 
c.n 


-I 
128' 


-I 
1286 
0448 
207014 
-I 
1287 
')B LSC_0UT_LSB.LSC_OUT_2B 


-I 
1288 


-I 
1289 


-I 
1;z<J() 
LSC_OUT 
.2A 


-I 
1291 
-I 
1292 
044E 
3077:18 
-I 
1293 
.!NB BUF2A_ACTIIIE. 
NOTHINQ_FOR_LSC 


-I 
1294 


-I 
129' 


-I 
1296 
0451 
D2bE 
-I 
1297 
SETB 
LSC_ACTlIIE 
-I 
1298 


-I 
1299 
04'3 
900200 
-I 
1300 
HOII DPTR •• 'BUF2A_STRT_ADDRI 
-I 


-I 
1301 


=1 
1302 
04'6 
EO 
-I 
1303 
HOIIX A. 4tDPTR 


-I 
1304 


04'7 
F,75 
-I 
130' 
HOII LSC_OUT_COUNTER.A 


-I 
1306 


-I 
1307 
0459 
0575 
-I 
1308 
INC 
LSC_OUT_COUNTER 


~I 
1309 


-I 
1310 


-I 
1311 


-I 
1312 
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; laad 
DKA 
de.tin.tion 
.dd~ess 
;~.gi.t.~•• it~ 
.t.~ting.dd~••• 


iO' current 
buffer 
.re. 


; load 
~ 
bvt. 
count 
with 
packet 


; ltmgth 


.do 
not 
start 
another 
transMission 
; if 
one 
ls 
1n 
progr 
••• 
(signified 


;b\! 
LSC_ACTIVE. 
1) 
but 
this 


;should 
n.ver 
happen 


.do 
not 
.tart 
• 
new 
LSe 
•• it 
if 
on. 


i is 
curr.ntl~ 
in 
progress 


.second 
one 
in 
ca.e 
interrupt 


.occurs 
during 
previous 
test 


it' 
LSe_OUT_MSB 
- 
1 then 
current 


i bu."e" 
i. 
2C 
Of' 
2D 


ii' 
LSC_OUT 
s 
018 
then 
current 


Jltuff ••. 
is 
28 


,if 
LSC_OUT 
- 008 
then 
the 
buff.~ 


;is 
2A 


iif 
buffe~ 2A i. 
not 
.ctive 
th.n 


.the 
OSC 
h•• 
not 
•••• 
t 
fill.d 
it 


;sine. 
the 
LSC 
•• ptied 
it 
lAst 


ishow 
thAt 
LSC 
is 
in 
the 
proc •• s 0' 
idoing 
A 
trAns.is.ion 


i10 
•• 
DPTR 
with 
Add~es. 
of 
b •••t. 
ith.t 
hold. 
b•••t. 
count 
for 
2A 


iget 
bVt. 
count 
for 
buffer 
2A 


.lo.d 
LSC 
bVt. 
counter 
with 
length 


iD' 
••••• 
g. 
to 
t~.n5.it 


incr~••nt.d 
beCAuse 
the 
counter 
is 
first 
d.c~•••nt.d 
before 
being 
t.sted 
(D~Z) 
when 
LSC 
begins 
to 
output 
d.tA 
270720-37 
I 


l 
• 


:. 
'1J 
I.••. 
N 
CD 


~ 
~ 


0481 
EO 


LOC 
OBJ 


MCS-S1 I1ACROASSEI1BLER 
APPNOTI 


SOUIICE 


CLR LSC_OUT_I1SB 
SETB LSC_OUT_LSB 


JI1P START_LSC_OUT 


LSC_OUT_2B . 


JNB BUF2B_ACTIVE.NOTHING_FOR_LSC 


SElB 
LSC_ACTIVE 


110\1DPTR•• CBUF2B_.STRT_AOOR.-I 


I'IO\IX A ••DPTR 


I1DV LSC_OUT_COUNTER.A 


INe 
LSC_OUT_COUNTER 


SETB LSC_OUT_1158 
CLR LSC_OUT_LS8 


.- 
START_LSC_OUT 


LSC_OUT_2C_20: 


J8 
LSC OUT_LSB.LSC_OUT_20 


LSC_OUT_2C : 


JN8 
BUF2C_ACTlVE. NOTHINC:YOR_LSC 


SET8 LSC_ACTlVE 


110V DPTR•• IBUF2C_STRT_AOOR> -I 


I1CVX A•• DPTR 
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045B C271 
04'0 
0270 


04'F 
02049E 


0462 
307644 


0465 
D26E 


0467 
900280 


046A 
EO 


046B 
F'75 


0460 
0575 


046F 
D271 
0471 
C270 


0473 
02049E 


0476 
207014 


0479 
307520 


047C 
D26E 


047E 
900300 


LINE 


~1 
1313 


-I 
1314 


~1 
1315 


:1 
1316 


:1 
1317 


:1 
1318 


-I 
1319 


-I 
1320 


-I 
1321 
=1 
1322 


=1 
1323 


=1 
1324 


=1 
1325 
=1 
1326 


=1 
1327 


=1 
1328 


=1 
1329 


=1 
1330 


=1 
1331 
=1 
1332 


=1 
1333 


=1 
1334 


=1 
133' 


-I 
1336 
=1 
1337 


=1 
1338 


-I 
1339 
-I 
1340 


-I 
1341 


~1 
1342 


-I 
1343 


-I 
1344 


-I 
1345 


~1 
1346 


-I 
1347 
:1 
1348 
~I 
1349 


-1 
1350 


-I 
1351 
=1 
1352 


-I 
1353 


=1 
13'4 


-I 
1355 


-I 
1356 
=1 
13'7 
:1 
13'8 


:1 
1359 


=1 
1360 


=1 
1361 


-I 
1362 


=1 
1363 


=1 
1364 


=1 
1365 


-I 
1366 


=1 
1367 


Jindic_'. 
n •• t 
output 
buffer 
will 


; b. 
buffer 
28 


Irout1ne 
th.t 
.t.",t. 
t",.nsml •• 10n 


.i' Lse 
OUT 
- 
018 
then 
the 
buffer 


; i" 
28 
- 


;i' 
buf'.r 
28 
is 
not 
.ctiv. 
then 
; th. 
QSC h.t. 
not 
vet 
'illed 
it 
; since 
the 
LSC ."'ptied 
it 
1•• t 


;.how 
th.t 
LSe 
is 
in 
the 
process 
of 
.doing,. 
1:",.n •• i •• ion 


· 10lld 
OPTR ..,i th 
.ddr 
••• 
of 
.",te 
.th.' 
holds 
bVt. 
count 
'or 
28 


;get 
bVt. 
count 
for 
buffer 
28 


· 10.d 
LSe 
bVte 
counter 
with 
length 


,0' 
••• 10.'. 
to 
t",_ns.it 


; incr ••• nted 
bee,.use 
the 
counter 


•i. 
first 
decr ••• nt.d 
b.fore 
being 


•tested 
(D.JNZ) when 
LSC 
be,ins 
to 


•output 
d.t. 


.indic.te 
nelt 
output 
buffer 
will 


•be 
buffer 
2C 


.routine 
th.t 
starts 
tran •• ission 


.if 
LSC_OUT 
- 
lIB 
then 
current 
.buffer 
i. 
2D 


;i' 
LSC_OUT 
- 
lOB 
then 
the 
buffer 
i is 
2C 


il' 
buffer 
2C 
i. 
not 
.ctive 
thin 
.th. 
QSC 
h•• 
not 
~et 
fill.d 
it 


,sine' 
the 
LSC 
e"'pti.d 
it 
l.st 


,show 
that 
LSC 
is 
in 
the 
process 
of 
;doing 
_ 
trans.ission 


; load 
DPTR 
~ith 
address 
of 
bVt • 
•th.t 
hold. 
bVte 
count 
for 
2C 


;llt 
bVt. 
count 
for 
buff.r 
2C~ 
270720-38 


_.l 
• 


~'tI.,.. 
N 
CD 


I1CS-51 "",CRD "'SSE/IlILER 
•••••PNDTI 


LDC 
DB.! 
LINE 
SOURCE 


-I 
1368 
0482 
F575 
:1 
1369 
I'KlY LSC_OUT_COUNTER•••• 
=1 
1370 
=1 
1371 
0494 
0575 
-I 
1372 
INC LSC_OUT_COUNTER 
-I 
1373 
-I 
1374 
-I 
1375 
=1 
1376 
0486 
0271 
=1 
1377 
SETS LSC_OUT_I'ISB 
0488 
0270 
-I 
1:178 
SETS LSC_OUT_LSB 
-I 
1379 
=1 
1:180 
0411I\ 0;Z049E 
=1 
1:181 
~ 
START_LSC_OUT 
=1 
1:182 
=1 
1:183 
LSC_OUT_20: 


=1 
1:184 
=1 
1:185 
0490 
307419 
=1 
1386 
.!NB BUF20_"'CTIVE.NDTHI~_FDR_LSC 
=1 
1:187 


-I 
1:188 


=1 
1389 


0490 
02bE 
=1 
1390 
SETB LSC_ACTlVE 


I\) 


I 


-I 
1:191 
N 
-I 
1:192 


CD 
0492 
900380 
-I 
1393 
I10V DPTR.e(BUF20_STRT_AODRl 
-I 
-.j 
-I 
1394 


-I 
1395 
0495 
EO 
-I 
1396 
I'KlYX ••••eDPTR 
-I 
1397 
0496 
F575 
=1 
1398 
I10V LSC_OUT_COUNTER•••• 
=1 
1399 
-I 
1400 
0498 
0575 
-I 
1401 
INC LSC_OUT_COUNTER 
=1 
1402 
-I 
140:1 
=1 
1404 
-I 
1405 
049 ••• C271 
-I 
1406 
CLR LSC_OUT_I'ISB 
049C C270 
=1 
1407 
CLR LSC_OUT_LSB 
-I 
1408 
-I 
1409 


=1 
1410 
START_LSC_OUT: 


-I 
1411 
049E 
A3 
-I 
1412 
INC OPTR 


-I 
141:1 


-I 
1414 
049F 
A:I 
=1 
1415 
INC DPTR 


-I 
1416 
=1 
1417 
04•••0 A:I 
=1 
1418 
INC DPTR 
=1 
1419 
-I 
1420 
04AI 
858277 
-I 
1421 
I10V LSC_OUTPUT_LDW.DPL 
04•••4 858:176 
=1 
1422 
I10V LSC_OUTPUT_HI~H.OPH 
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.lo.d 
LSC 
bVt. 
counter 
with 
length 


'a' 
••••• ,_ 
to 
tr.ns.it 


iincr 
••• nted 
'.eau 
•• 
the 
counter 
.is 
first 
decr ••• nt.d 
before 
being 
; t •• ted 
(O,*Z) 
whit" LSC b_gins 
to 


i output 
d.t. 


.indic.te 
nelt 
output 
buffer 
will 
; b. 
buf,.T' 
2D 


;routine 
th~t 
start. 
tr.n •• tssian 


.if 
LSe_OUT 
= 
l1B 
then 
the 
buffer 


; 
ilo 
2D 


; if 
buffer 
2D 
i5 
not 
active 
then 


.th. 
esc 
has 
not 
vet 
'illed 
it 


;.inc. 
the 
LSC 
•• ptied 
it 
la.t 


i.how 
that 
LSC 
is 
in 
the 
proce 
•• 
of 


;doing 
a 
tr.n._issian 


.laad 
DPTR 
with 
addr 
••• 
of 
b~t. 


ithat 
holds 
bWt. 
count 
foT' 
2D 


.get 
b~t. count 
fo~ buffer 
2A 


ilo.d 
LSC 
bVt. 
count.r 
~ith 
length 
iof 
••••••• 
to 
trAn •• it 


.1ncr 
••• nt.d 
because 
the 
counter 
ii. 
fir.t 
decr •• ented 
b.fore 
be in. 
it.sted 
(DJNZ) 
wh.n 
LSC 
begins 
to 


Joutput 
data 


;indic.te 
ne.t 
output 
buffer 
_ill 


.be 
buffer 
28 


;routin. 
th.t 
.ta~t. 
tran •• is.ion 


iDPTR 
no_ 
point. 
at 
the 
de.tination 


.address 
that 
.a. 
received 


.DPTR 
now 
point. 
at 
the 
source 


.Addre 
•• 
that 
••• 
received 


iDPTR 
now 
points 
.t 
the 
fir.t 
data 
; bvte 
received 


.addr 
••• 
for 
st.rt 
of 
dAta 
fo~ 
LSC 
270720-39 


_.er 


8 


» 
'tI. 
.a:o. 
N 
CD 


I\) 
i\) 
<0 
ce 


04CI 
0204D~ 


LOC 
OB.J 


I1CS-~1 
III\CRO _LER 
APPNDTI 


IIOURCE 


SETB TI 


NDTHINII_FDR_LSC: 


RET 


.INCLUDE 
(X"ITYAL. 
SRC) 
QSC_YALID_X"IT: 


PUSH DPL 
PUSH DPH 
PUSH ACC 
PUSH PSW 
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) to 
•• nd 


J 
•• 
t lnt.~~upt.1•• to .tart 


It .•.• 
n •• !tt!", 
.hen 
•• In 
proIT •• i. 


J ••• wtuT-ne" 
to 


J 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


i 
DISABLE 
TRANSKIT 
INTERRUPTS 


I •••••••••••••••••••••••••••••••••••••• 
• ••••• 
• ••••••• 
•• •••• 
•• ••• 
•••• 
•• 


,9FRs 
to 
••v. ~.fOT•••.•. 
vlcing 


J int."l"upt 


CLR EIISTY 


CLR EQSTE 


CLEAR_ACT llIE_BUFFER: 


.JII 
QSC_DUT_~B. 
CLEAR_ACTIIIE 
IBIC 


.JII 
QSC_DUT_LSB.CLEAR_ACTllIE_IA 


CLEAR_ACTIIIE_ID: 


.JII 
FIRST_ClSC_DUT.END_CLEAR_ACTIIIE_DUT 


CLR BUFID_ACTIIIE 


JHP 
END_CLEAR_ACTllIE_DUT 


CLEARflTl 
lIE_lA: 


I I 


~ 


I cl••.••valid 
interrupt 
enable 
~. 


Jc1 ••.•.errOr 
interrupt 
enabl. 
~~~ 


lif 
Q9C_OUT_~ 
- 1 "en 


;previous 
us." 
~uff.r 
for 
Q9C 
IDutpu't 
.ust 
ha". 
b•• n 18 or le 


J if 
OSC [kIT - 
018 
then 
actlv 
• 


J~uf'.r-1A bit 
_ust 
b. 
cl •• red 


; if 
this 
is 
,irst 
tra" •• t •• ion. 


,do 
not 
cl ••.•.buf'er 
10 
activ. 
.bit 
(this 
•• , 
ha"en 
if 
all 


,'our buffers ar. ,illed 
be'or. 
I fh·.t 
osc 
trans.i 
•• ion) 


i1' 
QSC_OUT 
- 
00, 
then 
l•• t 


;bu"er 
u••d i. ID unl.5. 'ir.t 


I tr.ns.i 
•• ion 


270720-40 


04A7 
D299 


04A9 
22 


04M 
coea 
04AC 
COB3 
04AE 
COEO 
04BO CODO 


04B2 
C2CB 


0484 
C2CD 


04B6 
207B12 


04B9 
207AOB 


048C 
2061'16 


04BF 
C27F 


LINE 


-I 
1423 


-I 
1424 


-I 
1425 


-I 
1426 


-I 
1427 


-I 
1428 


-I 
1429 
-I 
1430 
-1 
1431 
-I 
1432 


-I 
1433 
1434 
+1 
-I 
143~ 
~I 
1436 
al 
1437 
=1 
1438 


-I 
1439 
=1 
1440 
=1 
1441 
=1 
144:/ 
-1 
1443 
=1 
1444 


-I 
144~ 
=1 
1446 


=1 
1447 


-I 
1448 


-I 
1449 
=1 
1450 


-1 
14~1 
-I 
145:/ 


-I 
14~3 
-I 
14~4 


-I 
14~~ 
-I 
14:16 
-I 
14~7 
-I 
14:18 
=1 
14:19 


-I 
1460 
=1 
1461 
=1 
1462 


-I 
1463 


-I 
1464 
=1 
146:1 
=1 
1466 


=1 
1467 
=1 
I_ 


-I 
1469 
=1 
1470 


-I 
1471 
=1 
1472 


=1 
1473 


=1 
1474 


=1 
147~ 
=1 
1476 


=1 
1477 


_.er 


8 


I\) 
N 
co 
co 


04E2 
32 


LOC 
01..1 


rlCS-51 
ItACRO ASSaI8LER 
N'PNOTl 
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04C4 
C27C 


04Cb 
C;lIoF 


04CS 
020405 


04CB 
207A05 


04CE 
C270 


O4DO 020405 


0403 
C27E 


0405 
712F 


0407 
"0400 


04011 DODO 
04DC 
DOEO 
04DE 
0063 
04E0 
0062 


LINE 


-1 
1478 
-I 
1479 
-I 
1490 
-I 
1461 
-1 
1_ 
-1 
1483 
-1 
1_ 
-I 
1485 
-1 
14810 
-1 
1487 
-1 
1488 
-I 
1469 
al 
1490 
-I 
1491 
-I 
1492 
-I 
1493 
-1 
1494 
-I 
1495 
&1 
14910 
-I 
1497 


-I 
1498 


-I 
1499 


-I 
1500 


-I 
1501 


-I 
1502 


-1 
1503 


-I 
1504 


si 
1505 


-1 
15010 


-I 
1507 
si 
1508 
-I 
1509 
-I 
1510 
-1 
1511 
-1 
1512 


"'1 
1513 
-I 
1514 
-1 
1515 
-I 
15110 


-I 
1517 
-1 
1518 
-I 
1519 


-1 
1520 
-I 
1521 


-I 
1522 


-1 
1523 


-I 
1524 


-I 
1525 


-1 
15210 


-I 
1527 


-1 
1528 
1529 
+1 


-I 
1530 


-I 
1531 
-1 
1532 


SOURCE 


CLR BI.t"IAJlCTIVE 
J t f 
OSC_OUT 
- 
01. 
'lI.n 
1•• t 
J'uffer 
u•• d t. 
lA 


CLR FIRST_Q8C_OUT 
,cl.ar 
indicator 
,•••t 
sbo •• 
,'11. 
fir.t 
09C tTans.t 
•• ion 
,h •• 
not ,.t 
occuTred 


.JI'IP END_CLEARJlCTIVE_OUT 


CLEARJlCTIVE_IB_IC: 


.JB ClSC_OUT_LSB. CLEAR_ACTIVE_IC 
,if 
CSC_OUT. 
118. 
then 
1•• t 


,buffer 
u•• d t. le 


CLEAR_ACTIVE_IB: 


CLR BI.t"IB_ACTIVE 
J if 
Q8C_OUT - 
10, 
then 
1•• t 


,buffer 
u •• d t. 
18 


.JI1P END_CLEAR_ACTIVE_OUT 


CLEAR-,,"CTIVE_IC: 


CLR BI.t"IC-,,"CTIYE 
J l' 
OSC_OUT- 
11. 
then 
1•• t. 


Jbuffer 
u •• d i. le 
unle 
•• 
J'irst 
tTan •• i••ion 


END_CLEAR_ACTIVE_OUT: 
, 
_ 
---_..•-...•..._..•.......--..-_ 
- . 


J 
SEE 
IF 
NEXT BUFFER 
IS 
FULL OR INIT 
ADDRESS FOR NEXT AYAIL BUFFER 
; 
WHEN IT 
IS 
FILLEO 
, 
_......•............ _........•.....•...........•........ 
__ 
. 


CALL NEW_BI.t"FERI_OUT 


Je •••••••••••• 
_ ••••••••••• 
- ••••••••••••••••••••••••••••••• 
__ •••••••••• 


J 
RETURN TO ""'IN 
PROCIRAI'ILOOP 


J ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


IIOY TCDCNT•• O 
Jcl 
•• ~ 
collision 
counter 


POP PSW 
POP ACC 
POP DPH 
POP DPL 
,SFRs 
that ~.r. 
saved 


RETI 


.INCLUDE 
(X"ITERR.SRCI 
IISC_ERRDR_X"IT: 


J 
•••••••••••••••••••••••• 
*••••••••••••••••••••••••• 
*•••••••••••••••••• 
270720-41 


_.l 
~ 


~ 
'U 
I.,. 
I\) 
IQ 


MCS-SI MACRO ASSEMBLER 


0500 5175 


0502 E52F 


0504 540E 


0506 B4oo12 


-I 
1533 


-I 
1534 


=1 
1535 


zl 
1536 


-I 
1537 


=1 
1538 
=1 
1539 
~I 
1540 


zl 
1541 
=1 
1542 


21 
1543 


=1 
1544 
=1 
1545 


=1 
1546 


~I 
1547 


21 
1548 


21 
1549 
=1 
1550 


=1 
1551 


=1 
1552 


~I 
1553 


zl 
1554 


::0:1 
1555 
21 
1556 


=1 
1557 
=1 
1558 


-I 
1559 
=1 
1560 


-I 
1561 


~I 
1562 


-I 
1563 
-I 
1564 
=1 
1565 
=1 
1566 
-I 
1567 


-I 
1568 


-I 
1569 
-I 
1570 
=1 
1571 
=1 
1572 


-I 
1573 


-I 
1574 


-1 
1~7~ 
=-1 
1:576 
-I 
1577 
=1 
1578 
=1 
1579 


-I 
1:580 
=1 
1581 


-t 
1582 


-I 
1583 


~I 
1584 


=1 
1585 


-I 
1586 


=1 
1587 


APPNOTI 
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LINE 
SOURCE 


, STOP DtIACHANNEL 
i** •••• **** ••• ***** •••••••••••••••••••••••••••••••••••••••••• 
**••••••• 


ANL DCONO••OFEH 
; cl •.•r- 00 bit 


PUSH DPL 
PUSH DPH 
PUSH ACC 
PUSH PSW 
,SFRs 
to 
solve 
b.'ore 
servicing 


; int.rrupt 


UR_ERROR: 


JNB UR.NOACK_ERROR 
is •• 
if 
error 
c.used 
b~ 


I underrun 


MOV ERROR_POINTER••UR_COUNTER 
J lo.d 
pointer 
~ith 
beginning 


'oIddr 
••• 
of 
UR 
counter 


~MP Q5C_ERROR_XMIT_END 


NOACK_ERROR: 


JN8 NOACK.TCDT_ERROR 
;s •• 
if 
error 
caused 
b~ 
I NOACK 


MOV ERROR_POINTER ••NOACK_COUNTER 
; load 
pointer 
with 
beginning 


; addre.s 
of 
NOACKcounter 


JMP Q5C_ERRDR_XMIT_END 


TCDT_ERROR: 


MOV ERROR_POINTER ••TCDT_COUNTER 
;TCDT 
is 
onlw 
error 
left 


Q5C_ERROR_XMIT_END: 


.......•........•............•••..•...••••••......•.•...•••••...•..•..• 


i 
LOQ FAILURE 


; 
-_ 
. 


CALL INCREMENT_COUNTER 


; 
. 
, RE-INITIALIZE 
DMA 


i ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


MOV A.BUFFER1_CONTROL 


ANI.••••• 
OEH 
i.ask 
ofF 
all 
bits 
@Icept 
icurr@nt 
bufF@r 
indicator 


CJNE "'••00.8UFFER IB_RELOAD 
; if 
current 
buFF@r 
is 
not 
lA 


;check 
for 
next 
buffer 
270720-42 


_.er 
• 


~ 
'V 
I.,.. 
N 
CD 
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LOC 
08,) 
LINE 
SOURCE 


0'09 
7'A203 
~I 
1'88 
MOll SARLO ••LOW 
C8UF IA_STRT _ADDR ) 
050C 
75A300 
-I 
1589 
MOll SARHO ••HIGH 
C8UFIA_STRT_ADDR) 


-I 
1590 


~I 
1591 


al 
1592 
050F 
900000 
=1 
1'93 
MOll DPTR •• CBUFIA_STRT_ADDR) 
-3 
=1 
1594 


-I 
1595 
0512 
EO 
=1 
1591. 
MOVX 
A.@DPTR 


=1 
1597 
0513 
F5E2 
-I 
1598 
MOV 
BCRLO.A 
0515 
75E3oo 
=1 
1599 
MOV 
BCRHO ••O 


=1 
11.00 


=1 
11.01 
0518 020554 
-I 
11.02 
JMP 
START_RETRANSMIT 


=1 
11.03 


-I 
11.04 
BUFFER 
IB_RELOAD: 


=1 
11.05 
051B 
B40412 
=1 
11.01. 
C')NE A •• 04H.BUFFERIC_RELOAD 


-I 
11.07 


=1 
11.08 
051E 
75A283 
=1 
11.09 
MOV 
SARLO ••LOW 
(BUFIB_STRT_ADDR) 
0521 
75A300 
~I 
IblO 
r10V SARHO ••HIGH 
(8UFI8_STRT_ADDR) 


-I 
11.11 
I\) 


I 


=1 
Ibl2 


W 
-I 
11.13 
s 
0524 
900080 
-I 
11.14 
MOV 
DPTR •• (BUFIB_STRT_ADDR) 
-3 
-I 
11.15 


-I 
1616 
0527 
EO 
-I 
11.17 
MOVX 
A. @DPTR 


=1 
1618 
0528 
F5E2 
~I 
Ibl9 
r10V 8CRLO.A 
052A 
75E3oo 
-I 
1620 
r10V BCRHO ••O 
-I 
1621 


-I 
1622 
052D 
020554 
al 
1623 
.!MP START_RETR~IT 


-I 
11.24 


=1 
11.25 
BUFFERIC_RELOAD: 


-I 
11.21. 
0530 
B40812 
-I 
11.27 
C.JNE A.'08H.BUFFERID~ELOAD 


-I 
1628 


-I 
1629 
0533 
75A203 
=1 
1630 
MOV 
SARLO ••LOW 
(8UFIC_STRT_ADDR) 
0536 
75A301 
=1 
1631 
MOll SARHO ••HIGH 
(8UFIC_STRT_ADDR) 


-I 
1632 


-I 
1633 


=1 
1634 
0539 
900100 
-I 
1635 
MOll DPTR •• C8UFIC_STRT_ADDR) 
-3 


=1 
1636 


=1 
1637 


053C 
EO 
-I 
1638 
t10VX A. @DPTR 


=1 
1639 


053D 
F5E2 
=1 
1640 
I10V 8CRLO.A 


053F 
75E300 
~I 
1641 
MOV 
8CRHO.'0 


-I 
1642 


10119/88 
P"'GE 
27 


;~.-initi.liz. 
~ourc. 
pOinter 


; to 
BUFI'" 


; loc.tion 
th.t 
holds 
BUF1A 


; b"te 
count 


; get 
b"te 
count 


jre-lnlts.llze 
b"te 
counter 


,with 
nu~b.r 
of 
b"t.~ 
in 
BUF1A 


;i' 
current 
buffer 
is 
not 
ID 


.chect 
'or 
next 
buffer 


ire-jnit!.liz. 
source 
pointer 


; to 
8UFIB 


.10c.tion 
th.t 
holds 
BUFIS 


;bVt. 
count 


; get 
.tt~t. count 


;re-jniti.1!z. 
bVte 
counter 


;with 
nu_beT 
of 
bvtes 
in 
BUFIA 


.i' current 
buffer 
is 
not 
le 


ichec' 
for 
next 
buffer 


;re-tniti.1il. 
source 
pointer 
;to 
8UFIC 


; loc.tion 
th.t 
holds 
BUFIC 


.b .•t. 
count 


;,et 
bVt. 
count 


ire-initi.11Ie 
bvte 
counter 
iwith 
nu.ber 
of 
bvtes 
in 
SUF1A 
270720-43 
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• 


~ 
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_. 
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I 
I er 


LOC 
I 
I 
OB-i 
LINE 
SOURCE 
" 


=1 
lb43 
0542 
020554 
=1 
1644 
-iMP START_RETRANSMIT 
=1 
lb4' 


=1 
1646 
BUFFER ID_RELOAD 


=:"1 
1647 
0545 
75A283 
=1 
1648 
MOV 
SARLO .•LOW 
(BUF10_STRT_AOOR. 
0548 
75A301 
=1 
1649 
~OV SARHO .•HJGH 
(8UF1D_STRT_ADDR) 
=1 
1650 
,re-inlti.lire 
~ourcp 
pOlnteor 
=1 
1651 
; to 
BUF1D 
=1 
1652 


O~4B 
900180 
=1 
1653 
MOV 
OPTR .• (BUF10 
STRT_ADDRl 
-3 
j location 
that 
hold. 
8UF1D 
=1 
1654 
j b",te 
count 
=1 
1655 
054E 
EO 
=1 
1656 
MOVX 
A."OPTR 
,get 
bl,lteo 
count 
=1 
1657 
054F 
F5E2 
=1 
1658 
I10V BCRLO.A 
0551 
75E300 
=1 
1659 
"'QV BCRHO .• O 
.r.-lnlt 
•• llZ. 
bl,lte 
counter 
=1 
1660 
.with 
nu_ber 
of 
bl,ltes 
In 
BVFIA 
=1 
1661 
=1 
1662 
START_RETRANSMIT 
=1 
1663 
=1 
1664 
.*** •••••••••••• 
**••• ** ••••••••• 
**•• *•••• **.** •••••••••••••••••••••••• 
=1 
1665 
, 
ENABLE 
TRANSMITTER 
AND 
DMA 
CHANNEL 


=1 
1666 
;••••••••• 
**•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~ 
I\) 


I 


=1 
1667 
'U 
~ 
0'554 750400 
=1 
1668 
MDV 
TCDCNT 
.• O 
;clear 
col1i~ion 
counter 
. 
0 
=1 
1669 
~ 
I\) 
I\) 
0557 
0209 
=1 
1670 
SETB 
TEN 
CO 


-I 
1671 
0559 
JOD9FD 
~1 
1672 
-iNB TEN •• 
lwait 
until 
TEN 
is 
set 
(TEN 
=1 
1673 
iwi11 
not 
b ••• 
t 
if 
a 
=1 
1674 
;transMissions 
eRC 
has 
not 
vet 
~1 
1675 
;cOMpleted 
but 
TEN 
.ight 
be 
=1 
1676 
;cleared 
b.fore 
eRe 
co.pl.tes) 
=1 
1677 
055C 
439201 
=1 
1678 
ORL 
OCDNO •• 01 
.set 
CO 
bit 
=1 
1679 
055F 
DODO 
=1 
1690 
POP 
PSW 
0561 
OOEO 
=1 
1681 
POP 
ACC 
0563 
0083 
=1 
1682 
POP 
DPH 
0565 
0082 
=1 
1683 
POP 
DPL 
.SFRs 
that 
were 
saved 
=1 
1684 
0567 
32 
=1 
1685 
RETI 


=1 
1686 
1687 "'1 
.INCLUOE 
(RECVAL.SRC' 


~1 
1688 
GSC _I/ALID _REC, 


=1 
1689 
0569 
C082 
=1 
1690 
PUSH 
OPL 
056A 
COB3 
=1 
1691 
PUSH 
DPH 
056C 
COEO 
=1 
1692 
PUSH 
ACC 
056E 
COOO 
=1 
1693 
PUSH 
PSW 
i SFRs 
to 
save 
before 
servic 
ing 


=1 
1694 
i interrupt 


=1 
1695 
0570 
7100 
=1 
1696 
CALL 
NEW_BVFFER2_1N 
i save 
bVt. 
count. 
select 
"elt 
~1 
1697 
;GSC 
input 
buffer. 
setup 
nelt 
270720-44 
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LOC 
OB.! 


0~702 43~301 


057~ 
D2E~ 


0577 
DODO 
0~7~ 
DOEO 
0570 
D083 
0570 
D082 


057F 
32 


0580 
C082 
0582 
(083 
0584 
(OEO 
O~86 
cooo 


I 
I\) 
c.:, 
0 
t.) 


0588 
30EE07 


0588 
78F3 


0580 
5175 


058F 
0205AA 


LINE 


=1 
Ib~8 


=1 
Ib~~ 


=1 
1700 


=1 
1701 


=1 
1702 


=1 
1703 


=1 
1704 


=1 
1705 


=1 
170b 


=1 
1707 


-I 
1708 
=1 
170~ 
=1 
1710 
1711 
+1 
=1 
1712 


=1 
1713 


=1 
1714 


=1 
1715 


=1 
171b 


=1 
1717 


=1 
1718 


=1 
171q 


=1 
1720 


-I 
1721 


=1 
1722 


=1 
17023 
=1 
1724 


=1 
1725 


-I 
17026 


-I 
17027 
=1 
17028 


=1 
172~ 
=1 
1730 


=1 
1731 
=1 
1732 


=1 
1733 
=1 
1734 
=1 
1735 
=1 
173b 


=1 
1737 


=1 
1738 


=1 
173~ 


=1 
1740 


=1 
1741 
=1 
1742 


=1 
1743 


=1 
1744 


=1 
1745 


=1 
174b 


=1 
1747 


=1 
1748 


=1 
174~ 


=1 
1750 


=1 
17~1 


=1 
1752 
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SOURCE 


i destin.tton 
.ddress 
.• 
nd 


isetup 
ne. 
b~t. 
count 


ORL DCONI. _01 
; seot 
GO bit 
for 
Df1A 1 


SETB QREN 
;.nabl. 
receiver 


POP PSW 
POP ACC 
POP OPH 
POP OPL 
;SFRs 
th.t 
were 
sav.d 


Rnl 
_INCLUDE 
(RECERR SRC) 
csc _ERROR_REC 


PUSH OPL 
PUSH DPH 
PUSH ACC 
PUSH PSW 
iSFRs 
to 5."". 
before- 
servtcing 


; interrupt 


; .•..•••......•...•..••....••.•..•.••..•.••.••••......•..••.••....•... 
• 
LOO ERROR TVPE 


; ........•.••.........•.•••.•...................•.•.........••.•..•.•. 


INC_ERROR_COUNT: 
; 
_ . 
THIS 
ROUTINE -INCREMENTS THE ERROR COUNT (UPTO 6 BYTES) 
FOR EACH TVPE 
OF ERROR DETECTED BY HARDWARE 


BECAUSE OTHER ERROR BITS 
MAY BE SET wtEN 
O\IR IS 
SET. 
O\IR MUST BE TESTED 
8EFORE AE OR CRCE. 
ALSO. 
IN 
~T 
APPLICATIOHS 
AN ABORT MAY ALSO CAUSE 
AN ALigNMENT 
ERROR OR CRC,ERROR. ANO AN ALIQNMENT ERROR MAY CAUSE A CRC 
ERROR. THE FOLLOWINQ SEOUENCEOF CHECKINQ ERROR BITS 
SHOULO BE FOLLOWED 
TO gET AN 
ACCURATE TALLY OF THE TYPES OF ERRORS THAT ARE OCCURRINQ 


COI'IBINATlON OF ERROR BITS 
I 
HAVE SEEN: 


CRCE SET FOR BAD CRC 
RCABT AND AE SET FOR RCABT (ALIQN'ENT 
ERROR MAY ALSO EXIST) 
AE AND CRCE SET FOR ALION'ENT 
ERROR (CRC WAS BAD ALSO) 
O\IR. 
AE. 
CRCE AND RFNE SET FOR O\IR (THOUQH CRC IS 
QOOD AND NO AE) 


;.••....................................•.....................................•........••....... 


RCABT_CHECK: 


.!NB RCABT.OVR_CHECK 
isee 
if 
.rTor 
c.us.d 
b~ 
RCABT 


MOV ERROR_POINTER._RCABT_COUNTER 


CALL 
INCREMENT_COUNTER 


.)I1P REC_ERROR_COUNT_END 


270720-45 


_.l 
• 


:... 
"Cl 
I~N 
CD 


_. 
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I 
Il 
LOC 
OB') 
LINE 
SOIJRCE 
I 
I 
8 


=1 
1753 
OVR 
CHECK: 


0592 
30EF07 
=1 
1754 
-.!NB OVR.CRC_CHECK 
i se. 
if 
e t-r-e r 
c_used 
bll OVA 
=1 
1755 
0595 
7SF9 
=1 
1756 
MOV 
ERROR_POINTER 
•• OVR_COUNTER 
-I 
1757 
0597 
5175 
=1 
1758 
CALL 
INCREMENT_COUNTER 


=1 
1759 
0599 
0205 •••• 
=1 
1760 
-'MP REC_ERROR_COUNT_END 


=1 
1761 
=1 
1762 
eRC_CHECK 


059C 
JOEC07 
=1 
1763 
-'NB CRCE •••E_CHECK 
;S •• 
if 
error 
c.usrd 
bll CRCE 


=1 
1764 
059F 
78£7 
=1 
1765 
MOV 
ERROR]OINTER 
••CRCE_COUNTER 


=1 
17bb 
OSAI 
5175 
=1 
1767 
C"LL 
INCREMENT_COUNTER 


=1 
1768 
05A3 
0205AA 
=1 
1769 
-'MP REC_ERROR_COUNT_END 


=1 
1770 


=1 
1771 
••E_CHECK 
0'''6 7BED 
=1 
1772 
MOV 
ERROR_POINTER 
.• AE_COUNTER 
.onl~ 
error 
tllP. l.ft 


=1 
1773 
05"8 
'175 
=1 
1774 
C"LL 
INCREMENT_COUNTER 


=1 
1775 


I 


=1 
1776 
REC 
ERROR_COUNT_END 
~ 
I\) 
=1 
1777 
~ 
'V 
II 
=1 
1778 
.th15 
15 
not 
wh.t 
I 
w.nt 
to 
do 
prob.bl~. 
I 
••••'-1ne.d 
to 
s e e i, W1 th 
current 
• 
0 
~ 
~ 
~I 
1779 
;Active 
bit. 
.dd"e •• ing. 
b~t. 
count 
or 
who 
knows 
what???? 
N 


=1 
1780 
CD 
05AA 
7180 
-I 
1781 
C"LL 
NEW_8UFFER2_IN 
,.8'-1 what 
this 
routine 
do •• 
-I 
1782 
05AC 
439301 
=1 
1783 
ORL 
DCONI •• 01 
iset 
QO 
bit 
for 
DHAl 


-I 
1784 
05AF 
D:zE9 
=1 
1785 
SETB 
OREN 
; enabl" 
receivt'l" 
-I 
1786 
0581 
DODO 
-I 
1787 
POP 
PSW 
05B3 
DOEO 
=1 
1788 
POPACC 
OS85 
DOB3 
=1 
1789 
POP 
DPH 
0587 
D082 
=1 
1790 
POP 
DPL 
;SFR. 
th.t 
were 
.aved 
-I 
1791 
OS89 
ll2 
~I 
1792 
RETI 
=1 
1793 
1794 
+1 
.INCLUDE 
(LSCSERV. 
SRC) 
=1 
1795 
LSC_SERVICE: 


=1 
1796 
058A 
COB2 
=1 
1797 
PUSH 
DPL 
OS8C 
COB3 
=1 
1798 
PUSH 
DPH 
OS8E 
COEO 
=1 
1799 
PUSH 
ACC 
05CO 
CODO 
=1 
1800 
PUSH 
PSW 
i SFRs 
to 
save 
b.fore 
servic 
1ng 


=1 
1801 
;interrupt 


=1 
1802 
OSC;! 30980C 
=1 
1803 
.!N8 RI. XMIT _LSC 
; JU.p 
to Lse 
trans.it 
s.rvice 


=1 
1804 
;routine 
if 
RI 
is 
not 
set 


=1 
lOOS 
05CS 
1205DD 
=1 
1806 
CALL 
LSC_RECEIVE 
; invoke 
LSC 
rec.iver 
•• rv.~ 
=1 
1807 
270720-46 
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05C8 
DODO 
05CA DOEO 
05CC 0083 
OSCE 0082 


OSOO 3:2 


OSOI 1205FF 


050~ 
DODO 
050b 
DOEO 
0508 
D083 
050A 
0082 


050C 
3:2 


0500 
C:298 


05DF 057F 


05E I 
857B8:2 
05E~ 857M3 


05E7 E599 


05E9 
FO 


05EA A3 


05EB 85827B 
05EE 85837A 


05F1 
B~ODOA 


05F~ 
057F 


05Fb 
740A 


05F8 
FO 


-I 
1808 
cl 
1809 
-I 
1810 


=1 
1811 
-I 
181:2 
-I 
1813 
=1 
181~ 
=1 
1815 
=1 
181b 


-I 
1817 
=1 
1818 


=1 
lBlq 
=1 
18:20 
=1 
1821 
-I 
1822 
=1 
1823 
=1 
18:24 
=1 
1825 
=1 
1826 
=1 
18:27 


-I 
1828 


=1 
1929 


=1 
1830 
-I 
1831 


=1 
1832 


=1 
1833 
-I 
183~ 


-I 
1835 


-I 
183b 
-I 
1837 
-I 
1838 
=1 
1839 
-I 
18~0 
=1 
18~1 
-I 
18~:2 
-I 
18~3 
-I 
18~~ 
-I 
18~5 
"1 
1846 
=1 
1847 


-I 
1848 


-I 
1849 


-I 
1850 


-I 
1851 


-I 
185:2 
=1 
1853 
-I 
185~ 


"1 
1855 
=1 
185b 


-I 
1857 


cl 
1858 


-I 
1859 


=1 
18bO 


=1 
18bl 


=1 
186:2 


PAQE 


SOURCE 


POP PSW 
POP ACC 
POP DPH 
POP DPL 
;SFRs 
th.t 
were 
.aved 


RETI 
j"etu"n 
'ra~ 
interrupt 


XMIT_LSC- 


CALL LSC_XMIT 


POP PSW 
POP ACC 
POP DPH 
POP DPL 


J invoke 
LSC tran.mit 
server 


iSFRs 
th.t 
were 
.aved 


RHI 
ireturn 
'ro. 
interrupt 


LSC_RECEIVE: 


CLR RI 
;el •• " 
receiver 
interrupt 
bit 


INC 
IN_BVTE_COUNT 
j incr ••• nt 
RA" 
location 
th.t 


Icount. 
the 
nu_be" 
of 
b~t •• 
; input 
',"0," 
LSe 


I10V DPL. LSC 
INPUT LOW 
MOV DPH.LSC=INPUT=HIQH 
Jget 
.ddr 
••• 
where 
npxt 
b~t. 
lreceived 
bv 
LSe 
will 
b •• 
tored 


MOV A.SBUF 
Ig.t 
old ••t 
bvte 
LSC 
h•• 
l,...ceived 


MOIIX eDPTR.A 
istore 
bVt. 
in 
buffer 


INC DPTR 
iincr 
••• nt 
buff.r 
addre 
•• 


I10V LSC_INPUT_LOW.DPL 
I10V LSC_INPUT_HIQH.DPH 


C.JNE A•• CR.ENO_LSC_RECEIVE 


latore 
incr ••• nte. 
addr 
••• 


Jinitielil. 
'Or 
n •• t 
buff.r 
i if 
l.st 
char.et." 
"pc.ived 


;••• 
an 
ASCII 
ce"ria._ 
return 


INC 
IN_BVTE_COUNT 
11nc •.•••nt 
R~ 
loc_tton 
th_t 
Jcount. 
the 
nu.b ••. 0' 
bVt •• 


;input 
'1"0. 
LSC 


MOV A.eLINE_FEEO 
;in•• 1"t _ 
lin. 
'•• d .,t... the 
;c.1"r.i •• 
return 
'or 
Q5C 
to 


;t,...ns.it 


I10VX eDPTR." 
i5tor. 
b,t. 
in 
'u"." 


CALL NEW_BUFFERI 
IN 
;setup 
for 
n•• t 
buff.r 
if 
270720-47 
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LOC 
OB.! 
LINE 
SOURCE 


=1 
IBb3 
=1 
IBb4 
05FB 757F02 
=1 
IBb5 
MOV IN_BYTE_COUNT•• 02 
=1 
IBbb 


=1 
IBb7 
=1 
1868 


=1 
IBb9 
. 


=1 
IB70 
END_LSC_RECEIVE: 


=1 
IB71 
05FE 22 
=1 
IB72 
RET 


=1 
IB73 
=1 
IB74 
LSC_XMIT . 


=1 
IB75 
05FF 
05750B 
=1 
IB7b 
O.JNl LSC_OUT_COUNTER.LSC_OUT_NEXT 


=1 
IB77 


=1 
IB7B 
01002 120b2A 
=1 
IB79 
CALL CLR_ACTlVE_OUT 
=1 
IBBO 


=1 
IBBI 
01005 C2bE 
=1 
IBB2 
CLR LSC_ACTlVE 


=1 
IBB3 


=1 
IBB4 


=1 
IBB5 
LSC_XMIT_ENO: 


I 


=1 
IBBb 
I\) 
01007 C299 
=1 
IBB7 
CLR TI 
W 
=1 
IBBB 
0en 
01009 22 - 
=1 
1DB9 
RET 
=1 
1890 


=1 
IB91 
LSC_OUT_NEXT: 


=1 
1892 
ObOA 857782 
=1 
1893 
MaY DPL.LSC_OUTPUT_LOW 
01000 B57bB3 
=1 
IB94 
MaY DPH.LSC_OUTPUT_HI~ 
=1 
1895 
=1 
18910 
0610 
EO 
=1 
1897 
MaYX A. eDPTR 
=1 
189B 
0611 
F599 
=1 
1899 
MaY SBUI'. A 


=1 
1900 
0613 
A3 
=1 
1901 
INC DPTR 
=1 
1902 
01014 B5B277 
=1 
1903 
MaY LSC_OUTPUT_LOW.DPL 
01017 B5B376 
=1 
1904 
MaY L5C_OUTPUT~IQH.DPH 


=1 
1905 
OblA 
BOEB 
=1 
1906 
.!MP LSC_XMIT_ENO 


=1 
1907 
1908 +1 
.INCLUDE 
(IlIV\SERY. SRC) 


=1 
1909 
IlIV\I_SERYICE: 


=1 
1910 
=1 
1911 


=1 
1912 
os re 
COB2 
=1 
1913 
PUSH DPL 
OblE 
C083 
=1 
1914 
PUSH DPH 
0620 
COEO 
=1 
1915 
PUSH ACC 
0622 
COOO 
=1 
1916 
PUSH PSW 


=1 
1917 


10/19/BB 
PACE 
32 


; 1in.' 
•• d 
received 


;2 
n •• ded 
for 
d.stination 
and 


isourCIt 
address 
which 
do 
not 


; incr ••• nt 
BYTE_COUNT 
when 


; 10ad.d 


.continue 
outputting 
b~t •• 


.until 
counter 
re.ches 
0 


.cl.ar 
active 
buffer 
bit 
for 


; l.st 
bufFer 
u •• d 


i indicat. 
that 
LSe 
is 
no 
longer 


.tr~ing 
to 
•• it 
• 
pack.t 


;cl.ar 
LSC 
•• it 
interrupt 
bit 


; load 
DPTR 
with 
addre.s 
of 
in •• t b,tlt 
to 
•• it 


;get 
n.xt 
b"t. 


i load 
'vte 
into 
LSC 
•• itter 


;incre.ent 
LSC 
input 
addr •• s 


; star. 
incr ••• nt •• 
addr 
••• 


ireturn 
to 
•• in 
prolTa 
• 


to 
get 
to 
this 
point 
••• ns 
that. 
•• 5•••• 
ha. 
b •• n 
received 
which 
is 
longer 
th~n 
the 
••• i.u. 
specified 
length 
- 
tlAX_LEN4:TH (120) 


;SFRs 
to 
s.ve 
before 
servicing 


; interrupt 
270720-48 
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• 


:. 
"0..~ 
N 
CD 


_. 


~CS-51 
~ACRO 
ASSEMBLER 
APPNOTt 
10/19/88 
PA~E 
33 
I 
Il 
LOC 
QBJ 
LINE 
SOURCE 
I 
I • 


=1 
1918 
0624 
l8EI 
=1 
1919 
MOV 
ERROR_POINTER,.LONG_COUNTER 


=1 
1920 


1- 
0626 
5175 
=1 
1921 
CALL 
INCREMENT 
COUNTER 
=1 
1922 
0628 
8080 
=1 
1923 
JMP 
REC.ERROR_COUNT 
END 


=1 
1924 
=1 
1925 
1926 
+1 
_INCLUDE 
(LSC~GT 
SRC' 
=1 
1927 
CLR. ACTIVE 
.OUT 


=1 
1'128 
Ob2A 
207109 
=1 
1929 
JD 
i.sr 
OUT 
!1SB, 
(LR 
AC T 
29 
_2C 
· If 
Lse 
OUT )15B 
!Z 
lB. 
buff." 


=1 
1930 
r 
JIJ~t 
emptied 
must 
be 
28 
or 
~C 
= I 
1931 


"I 
1932 
CLR 
AC T _2A_2D 


=1 
1933 
0620 
307003 
=1 
1934 
JNB 
LSC_OUT_LSB.CLR_ACT_20 
.1 f 
LSe_OUT 
= 
008. 
buffer 
Ju~t 


=1 
1935 
• emptll!'d 
lIS 
2D 
=1 
1936 
=1 
1937 
CL R 
ACT _2A 
=1 
1938 
0630 
C277 
=1 
1939 
(LR 
BUF2A_ACTIVE 
· if 
LSe_OUT 
= 
019. 
buffer 
Just 


=1 
1940 
· emptied 
is 
2A 
)io 
I\) 


I 


=1 
1941 
' , 


W 
0632 
22 
=1 
1942 
RET 
"U 


=1 
1943 
• 
0 
••• 
--J 
21 
1944 
CLR_ACT 
_20: 
~ 
=1 
1945 
-; 
1.0 


0633 
C274 
=1 
1946 
CLR 
BUF2D_ACTIVE 
;LSC _OUT 
= 
OOB 
=1 
1947 
0635 
22 
=1 
1948 
RET 
=1 
1949 
=1 
1950 
CLRJ'CT_2B_2C: 


=1 
1951 
0636 
207003 
=1 
1952 
JB 
LSC_OUT_LS8.CLR_ACT_2C 
I if 
LSe 
OUT. 
lIB 
then 
buffer 
=1 
1953 
; Just 
.;pted 
must 
be 
2C 
=1 
1954 
=1 
1955 
CLR_ACT 
_2B: 


=1 
1956 
0639 
C276 
=1 
1957 
CLR 
BUF28_ACTIVE 
; if 
LSC 
OUT 
- 
lOB. 
buff.,. 
Just 
=1 
1958 
ie.ptied 
must 
be 28 
=1 
1959 
0638 
22 
=1 
1960 
RET 
=1 
1961 


=1 
1962 
CLR_ACT 
_2C: 


=1 
1963 
063C 
C275 
=1 
1964 
CLR 
BUF2C_ACTIVE 
•LSC_OUT 
= 
lIB 
=1 
1965 
063E 
22 
=1 
1966 
RET 


=1 
1967 
1968 
1969 
END 
270720-49 
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XREF SYMBOL TABLE LISTINQ 


I 
I 


• 
---- ------ ----- ------- 


N A ME 
T Y P E 
Y A L U E 
ATTRIBUTES 
AND REFERENCES 


AC 
NUI1B 
00D6H 
A 
76. 
ACC. 
NUI'IB 
OOEOH 
A 
15. 
1439 
15~3 
1540 
16BI 
16'i~ 
1706 
1716 
1788 
17'i'i 
IBO'i 
IB~ 
1'i15 
ADDRESS_DETERMINATION. 
C ADDR 
0243H 
A 
383 
4~. 
ADRO 
NUI1B 
oo95H 
A 
39. 
469 
ADRI 
NUI'IB 
ooA,.. 
A 
43. 
ADR~ 
NUI'IB 
OOB,.. 
A 
47e 
ADR3 
_B 
OOC,.. 
A 
5:le 
AE_CHECK 
C ADDR 
05A6H 
A 
1763 
1771. 
AE_COUNTER 
D ADDR 
OO£DH 
A 
22'Ht 
232 
1772 
AE 
NUI1B 
ooEDH 
A 
15BlI 
AMSKO. 
_B 
ooDSH 
A 
57. 
AMSKI. 
NUI'IB 
OOESH 
A 
6~. 
B. 
_B 
OOFOH 
A 
16. 
BAUD 
NUI'IB 
oo94H 
A 
3Be 
442 
BCRHO. 
NUI'IB 
00E3H 
A 
60. 
'i10 
940 
'i76 
1006 
15~ 
1620 
1641 
1659 
BCRHI. 
_B 
ooF3H 
A 
65e 
460 
1263 
BCRLO. 
NUI'IB 
OOE2H 
A 
59. 
907 
'i37 
973 
1003 
1598 
1619 
1640 
1658 
BCRLI. 
NUMB 
ooF2H 
A 
64. 
461 
1097 
1138 
1197 
1237 
1264 
BKOFF. 
NUI'IB 
OOC4H 
A 
51. 


I\) 
I 


BUFIA_ACTlYE 
B ADDR 
002FH.4 
A 
297e 
300 
397 
696 
826 
B98 
1479 
)ao 
t., 
BUFI A_STRT_ADDR. 
NUI'IB 
0003H 
A 
174. 
542 
543 
672 
673 
B63 864 
902 
15BB 1589 
1593 
'lJ 
BUF1B_ACTlYE 
B ADDR 
002FH. 5 A 
2'i4. 
2'i7 
400 
66B 
743 
9~ 
1495 
I 
0 
.•.. 


CD 
BUFlB_STRT_ADDR. 
NUI'IB 
OOB3H 
A 
17B. 
705 
706 
719 
720 
932 
1609 
1610 
1614 
~ 
BUFI C_ACTI YE 
B ADDR 
oo2FH.6 
A 
2'il. 
~4 
403 
715 
BOB 964 
1502 
CO 
BUFI C_STRT_ADDR. 
NUI'III 
0103H 
A 
lB2. 
75~ 
753 
784 
7B5 968 
1630 
1631 
1635 
BUFI D_ACTlYE 
B ADDR 
oo2FH.7 
A 
2BBtI 291 
406 
780 
B54 994 
1471 
BUF1D_STRT_ADDR. 
NUI1B 
01B3H 
A 
186. 
B17 BIB 
B30 
B31 ~ 
164B 
1649 
1653 
BUF2A_ACTlYE 
B ADDR 
oo2EH.7 
A 
316. 
319 
409 
1102 
1220 
12'i3 
1939 
BUF~A_STRT_ADDR. 
NUI1B 
020lH 
A 
190. 
471 
472 
IOB4 
IOB5 
1251 
1252 
1300 
BUF2B_ACTIYE 
B ADDR 
oo2EH.6 
A 
319. 
322 
412 
1080 
1143 
1322 
1957 
BUF~B_STRT_ADDR. 
NUMB 
02B1H 
A 
193e 
1111 
1112 
1125 
1126 
1329 
BUF~C_ACTIYE 
B ADDR 
oo2EH.5 
A 
322. 
325 
415 
1121 
1202 
1357 
1964 
BUF~C_STRT_ADDR. 
NUI1B 
0301H 
A 
196. 
1152 
1153 
l1B4 
l1B5 
1364 
BUF2D_ACTIYE 
B ADDR 
oo2EH.4 
A 
325. 
3~ 
41B 
IIBO 
1242 
1386 
1946 
BUF2D_STRT_ADDR. 
NUI1B 
03B1H 
A 
1~. 
1211 
1212 
1224 
1225 
1393 
BUFFERI_CONTROL. 
D ADDR 
oo2FH 
A 
~ 
530 
1580 
BUFFERI 
START. 
C ADDR 
OI2CH 
A 
397 
400 
403 
406 
423e 
BUFFERI i_RELOAD. 
C ADDR 
051BH 
A 
1585 
160'- 
BUFFERIC_RELOAD. 
C ADDR 
0530H 
A 
1606 
1625. 
BUFFERID_RELOAD. 
C ADDR 
054'" 
A 
1627 
1646. 
BUFFER2 CONTROL. 
D ADDR 
oo2EH 
A 
2B3. 
535 
BUFFER~:::START. 
C ADDR 
0131H 
A 
409 
412 
415 
41B 
430. 
BUFFERS_IJULL 
C ADIJR 
02E2H 
A 
66B 
715 
759. 
780 
B26 
BUFFERS_2_FULL 
C ADDR 
03F2H 
A 
1080 
1121 
115941 1180 
1220 
CLEAR ACTIYE 
lA. 
C ADIJR 
04C4H 
A 
1459 
1477e 
CLEAR-ACTIYE-1B 
IC 
C ADDR 
04CBH 
A 
1454 
1488. 
CLEAR:::ACTIYE:::1B:- 
C ADDR 
04CEH 
A 
1493. 
CLEAR_ACTIYE_1C. 
C ADDR 
04D3H 
A 
1490 
1500. 
CLEAR_ACTIYE_1D. 
C ADDR 
04BCH 
A 
1462. 


CLEAR_ACTlYE_BUFFER. 
C ADIJR 
04BbH 
A 
1452. 


CLR_ACT_2A_2D. 
C ADIJR 
062DH 
A 
1932. 
270720-50 


I\) 
Co>o 
<0 


EA 
EIlI'1AO. 
EDI1AI. 
ECSRE. 
EQSRV. 
EQSTE. 
EQSTV. 
END_CLEAR_ACTIVE_OUT 
END_Lsc_RECEIVE. 
ERROR]OINTER. 


ES. 
ETO. 
ET!. 
EXO. 
EXI. 
FO 
FIRST_OSC_OUT. 
gENERIC_INIT 
GI10D 
CREN 
CSC_BAUD_RATE. 
CSC 
DEST 
ADDR. 


GSC-ERROR 
REC. 


GSC-ERROR-XI1IT 
END 


GSC::ERROR::XI1IT- 
GSC_IN_2A 


APPNOTI 


T V P E 
V A L U E 


C 
ADDR 
C ADDR 
C 
ADDR 
C 
ADDR 
C 
ADDR 
C 
ADDR 
C 
ADDR 
C 
ADDR 
NUI1B 
C 
ADDR 
D 
ADDR 
_8 
NUI18 
NUI18 
_8 
NUl't8 
Nut1B 
NUI18 
NUI18 
_8 
C ADDR 
C 
ADDR 
NUI18 


_B 
NUrIB 
NOIIB 
NUI1B 
NUI1B 
NUI1B 
NUI1B 
C 
ADDR 
C 
ADDR 
REO 


NOIIB 
NUI1B 
NUI1B 
NOIIB 
NUI1B 
NOIIB 
8 
ADDR 
C 
ADDR 
NOIIB 
NUI1B 
NUI1B 
D 
ADDR 
C 
ADDR 


C 
ADDR 
C 
ADDR 


C 
ADDR 


0630H 
A 
0636H 
A 
0639H 
A 
063CH 
A 
0633H 
A 
062AH 
A 
026EH 
A 
0282H 
A 
ooODH 
A 
0~9CH 
A 
00E7H 
A 
OOECH 
A 
00D7H 
A 
OOC3H 
A 
OOD3H 
A 
OOC2H 
A 
OOD2H 
A 
oo92H 
A 
0093H 
A 
OODBH 
A 
00~3H 
A 
061CH 
A 
0083H 
A 


NUI18 
oo82H 
A 


10/19/88 
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N 
A 
11 E 


CLR_ACT_2A 
CLR_ACT 
_28_2C. 


CLR 
ACT 
28 
CLR::ACT::2C 
CLR_ACT_2D 
CLR_ACTlVE_OUT 
COUNTER_CLEAR. 
COUNTER_OVERFLOW 
CR 
CRC_CHECK. 
CRCE_COUNTER 
CRCE 
CV 
OARHO 
DARHI. 
DARLO. 
DARLI. 
DCONO. 
DCONI. 
DI1A. 
DI1AI_DONE. 
DI1AI_SERVICE 
DPH. 


DPL. 


ooAFH 
A 
OOCAH 
A 
OOCCH 
A 
OOC9H 
A 
OOCBH 
A 
OOCDH 
A 
OOC8H 
A 
04D5H 
A 
05FEH 
A 
RO 


ooACH 
A 
00A9H 
A 
OOABH 
A 
00A8H 
A 
OOAAH 
A 
ooD5H 
A 
oo2DH.7 
A 
025BH 
A 
oo84H 
A 
00E9H 
A 
OOOOH 
A 
oo7DH 
A 
0580H 
A 
0500H 
A 
04E3H 
A 


0417H 
A 


ATTRI8UTES 
AND 
REFERENCES 


1937e 
1929 
1950. 
19~5. 
19~2 
1962. 
1934 
1944e 
1879 
1927. 
~~4. 
559 
583 
594e 
20n 
1848 
17~4 
1762. 
232. 
235 
1765 
159. 
1763 
75. 
50. 
55. 
476 
1259 
49. 
453 
54e 
475 
1259 
36. 
455 
10211 1536 
1678 
37. 
464 
1701 
1783 
153. 
451 
375. 
376 
1909. 
19. 
673 
720 
795 
831 
916 
946 
982 
1012 
1085 
1126 
1185 
1225 
1422 
1438 
1524 
1539 
1682 
1691 
1707 
1715 
1789 
1798 
1810 
1821 
1835 
1846 
1894 
1904 
1914 
18. 
672 
719 
784 
930 
915 
945 
981 
1011 
1084 
1125 
1184 
1224 
1421 
1437 
1525 
1538 
1683 
1690 
1708 
1714 
1790 
1797 
1811 
1822 
1834 
1845 


1893 
1903 
1913 
94e 
523 
133e 
13U 
521 
134e 
517 
135e 
515 
l30e 
1026 
1449 
132e 
1023 
1447 
1464 
1475 
14116 1498 
1507e 
1849 
187ae 
20ge 
573 
577 
579 
596 
598 
600 
602 
604 
b06 
608 
610 
612 
614 
616 
618 
1549 
1559 
1566 
1747 
1756 
1765 
1772 
1919 
95e 
519- 
96e 
9ge 
97e 
77e 
344e 
346 
491 
1464 
1482 
390 
5211e 
34e 
444 
l62e 
479 
1703 
1795 


166e 
442 
257e 
260 
508 
685 
732 
797 
943 
364 
1712. 
1552 
1:162 l:Ib8e 


372 
l:130e 


1175 
1218. 
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N 
/It 
t1 E 
T 
V 
P 
E 
V 
/It 
L 
U 
E 
ATTRIBUTES 
AND 
REFERENCES 
I 
I • 


eSC_IN_2B 
C 
ADDR 
03BbH 
A 
1076_ 
eSC_IN_2C. 
C 
ADDR 
03D4H 
A 
1073 
111911 
QSC_IN_2D_2A 
C 
ADDR 
03FbH 
A 
1069 
1173_ 
OSC_IN_2D. 
C 
ADDR 
03F9H 
A 
1178_ 
QSC_IN_LBB 
B 
ADDR 
002EH.2 
A 
332. 
336 1073 1108 1148 117~ 1207 1247 
OSC_IN_HSB 
B 
ADDR 
002EH.3 
A 
328e 
332 
1069 
1107 
1149 
1208 
1248 
OSC_INIT 
C 
ADDR 
0200H 
A 
386 
440_ 
QSC_INPUT 
_HIQH 
D 
ADDR 
007SH 
A 
269_ 
273 
472 
476 
1112 
1153 
1212 
1252 
1259 
GSC_INPUT 
_LOW. 
D 
ADDR 
0079H 
A 
268. 
269 471 47' 
1111 11'2 
1211 12'1 
1258 
QSC_CUT_IA 
C 
ADDR 
033EH 
A 
895_ 
OSC_DJT_18 
C 
ADDR 
0358H 
A 
892 
92:M1 
eSC_CUT_IC_ID. 
C 
ADDR 
0372H 
A 
889 
955_ 
eSC_CUT_IC 
C 
ADDR 
0375H 
A 
961_ 
GSC_CUT _ID 
C 
ADDR 
038FH 
A 
957 
99te 
OSC_OUT J-SB. 
B 
ADDR 
002FH.2 
A 
304_ 
308 
892 
920 
950 
957 
986 
1016 
1459 
1490 
eSC_CUT _HSB. 
B 
ADDR 
002FH.3 
A 
300e 
304 
889 
919 
949 
985 
1015 
1454 
csc 
_REC _ERROR. 
C 
ADDR 
0033H 
A 
36341 
OSC_REC_IIALID. 
C 
ADDR 
002BH 
A 
35911 
GSC_SRC_ADDR 
D 
ADDR 
007CH 
A 
260* 263 469 '03 692 739 804 B~ 
OSC_IIALID_REC. 
C 
ADDR 
0568H 
A 
360 
1688_ 
CSC_VAL.ID_XP1IT 
C 
ADDR 
04MH 
A 
368 
1435_ 
QSC_X"IT 
_ERROR 
C 
ADDR 
004BH 
A 
371_ 
GSC_X"IT 
_IIALID 
C 
ADDR 
0043H 
A 
367_ 
HABEN. 
NUHB 
OOESH 
A 
163_ 
lE 
NUI1B 
COASH 
A 
27e 
)ao 
I\) 


I 


IEO. 
NUI1B 
0089H 
A 
90_ 
'tI 
c., 
lE!. 
NUI1B 
008BH 
A - 


I 


....• 
IENI 
NUI1B 
OOCSH 
A 
53_ 
~ 
0 
IFS_PERIOD 
NUMB 
0014H 
A 
171_ 
447 
p.) 


IFS. 
NUI1B 
COA4H 
A 
43 
447 
CC) 


IN_BYTE_COUNT. 
D 
ADDR 
007FH 
A 
249_ 
253 
547 
677 
724 
789 
835 
1830 
1852 
1865 
I NC_COUNT _LOOP 
C 
ADDR 
027SH 
A 
57te 
581 
INC_ERROR_COUNT. 
C 
ADDR 
0588H 
A 
1725e 
INCREMENT _COUNTER. 
C 
ADDR 
0275H 
A 
~,. 
1'74 
1749 17~ 
1767 1774 1921 
INITIALIZATION 
C 
ADDR 
0100H 
A 
353 
379_ 
INTO 
NUMB 
OOB2H 
A 
114_ 
INT! 
NUI1B 
OOB3H 
A 
11341 
INTERRUPT 
_ENABLE 
C 
ADDR 
02SOH 
A 
393 
513_ 
IP 
_B 
OOBSH 
A 
:zse 
IPNI 
NUI1B 
OOFSH 
A 
68_ 
IRET 
C 
ADDR 
032EH 
A 
761 
872_ 
1161 
ITO. 


_ 
B 
0088H 
A 
91 _ 


IT!. 
NUHB 
008AH 
A 
89_ 
LINE_FEED. 
NUI1B 
OOOAH 
A 
207_ 
1856 
LNI. 
NUMB 
OODFH 
A 
14M 
LONe _COUNTER 
D 
ADDR 
ODEIH 
A 
235_ 
239 
1919 
LSC 
ACTIIIE 
B 
ADDR 
002DH.6 
A 
346_ 
539 
1271 
1281 
1297 
1326 
1361 
1390 
IBB2 
LSC -BAUD 
RATE. 
_B 
OOFCH 
A 
168_ 
4B7 
LSC::IN_IA. 
C 
ADDR 
030DH 
A 
775 
824_ 
LSC_IN_IB. 
C 
ADDR 
029CH 
A 
66 •• 
LSC 
IN 
IC. 
C 
ADDR 
02BFH 
A 
661 
713_ 
LSC::IN::ID_IA 
C 
ADDR 
02E7H 
A 
657 
773_ 
LSC_IN_ID. 
C 
ADDR 
02EAH 
A 
778_ 
LSC_IN_LSB 
B 
ADDR 
002FH.0 
A 
312_ 
316 
661 
702 
74B 
775 
BI3 
B59 
LSC_IN_HSB 
B 
ADDR 
OOO!FH. I 
A 
308_ 
312 
657 
701 
749 
BI4 
860 
270720-52 


MCS-~I 
MACRO ASSEMBLER 
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i- 


N A M E 
T Y P E 
V A L U E 
ATTRIBUTES 
AND REFERENCES 
• 
LSC_INIT 
C AOOR 
0234H 
A 
388 
4Bb. 
LSC_INPUT _HIQH 
o AOOR 
007AH 
A 
264. 
269 
543 
706 
753 
919 
Bb4 
1935 
1946 
LSC_INPUT _LOW 
o AOOR 
007BH 
A 
263e 
264 
542 
705 
752 
917 
963 
1934 
1945 
LSC_OUT_2A 
C AOOR 
044EH 
A 
1290. 
LSC_OUT_",B 
C AOOR 
0462H 
A 
1297 
131" 
LSC_OUT_",C_20 
C AOOR 
047bH 
A 
1294 
134Be 
LSC_OUT_2C 
C AOOR 
0479H 
A 
1354. 
LSC_OUT_",O 
C ADOR 
049DH 
A 
1350 
1383e 
LSC_OUT_COUNTER 
D ADOR 
0075H 
A 
",77. 
1305 
1309 
1334 
1337 
1369 
137", 
1399 
1401 
11 


LSC_OUT_LSB 
B AOOR 
OO",EH 0 A 
340. 
344 
1:n17 
1314 
1343 
1350 
1379 
1407 
1934 
19: 


LSC_OUT_MSB 
B AODR 
D02EH. I 
A 
336. 
340 
1294 
1313 
1342 
1377 
1406 
1929 


LSC_OUT_NEXT 
C 
AODR 
ObOAH 
A 
1976 
1991e 


LSC_OUTPUT_H I GH 
D ADOR 
0076H 
A 
274. 
277 
1422 
1994 
1904 
LSC_OUTPUT_LOW 
D AODR 
0077H 
A 
273. 
274 
1421 
1993 
1903 
LSC_RECEIVE 
C ADOR 
05DDH 
A 
1906 
1926e 
LSC_SERVICE. 
C ADDR 
05BAH 
A 
356 
1795. 
LSCjMIT 
_END 
C ADOR 
Ob07H 
A 
1995. 
1906 
LSC_XMIT_IN_PROQRESS 
C ADOR 
0442H 
A 
1276. 
1291 
LSC_XMIT 
C ADOR 
05FFH 
A 
1817 
1874. 
MAIN 
C ADOR 
0112H 
A 
395e 
421 
429 
436 
MAX_LENGTH 
NUI1B 
0079H 
A 
213e 
461 
1091 
1132 
1191 
1231 
1264 
MVSLOT 
NUI1B 
OOF5H 
A 
67. 
NEW_BUFI_IN_END 
C ADOR 
032DH 
A 
710 
757 
922 
968e 
NEW BUF2 I N END 
C ADOR 
0432H 
A 
1116 
1157 
1216 
1256e 
I\) 


I 


NEW:::BUFFER()N 
C ADOR 
029bH 
A 
624e 
770 
IBb2 
c., 
NEW_BUFFERI_OUT. 
C ADOR 
032FH 
A 
4",~ 
975e 
1~14 
....• 
NEW_BUFFER2_IN 
C ADOR 
03BOH 
A 
1036. 
1170 
1696 
1791 
....• 


NEW BUFFER2 OUT. 
C AOOR 
04JFH 
A 
432 
1269. 
NEXT_LOCATION. 
o ADOR 
OOCFH 
A 
245. 
552 
NOACK_COUNTER. 
D ADOR 
OOD5H 
A 
243 
245 
1559 
NOACK_ERROR. 
C ADOR 
04FbH 
A 
1546 
155441 
NOACK. 
NUI1II 
OODEH 
A 
147e 
1556 
NOTHINQ FOR QSC. 
C ADOR 
03AFH 
A 
992 
999 
9:n1 964 
994 
1030. 
NOTHING-FOR -LSC. 
C ADOR 
04A9H 
A 
1277 
1293 
1322 
13~7 
1386 
142ge 
OUT_BYTE_CoUNT 
D ADOR 
007EH 
A 
253. 
257 
OV 
NUI1B 
OOD2H 
A 
BDe 
OVR_CHECK. 
C AOOR 
0592H 
A 
1745 
1753. 
OVR_COUNTER. 
o 
ADOR 
OOF9H 
A 
223e 
226 
1756 
OVR 
NUI1B 
OOEFH 
A 
l56e 
1754 
P. 
NUI1B 
OODOH 
A 
91. 
PO 
NUI1B 
OOBOH 
A 
1041 
PI 
NUt1B 
0090H 
A 
lle 
501 
50b 
P", 
NUI1B 
OOAOH 
A 
12. 
P3 
NUI1II 
OOBOH 
A 
13e 
P4 
NUI1B 
OOCOH 
A 
48. 
503 
50B 
PCON 
NUI1B 
OOB7H 
A 
2041 
PDMAO. 
NUI1B 
OOFAH 
A 
14le 
PDMAI. 
NUI1II 
OOFCH 
A 
l3ge 
PQSRE. 
_B 
OOF9H 
A 
14",. 
PQSRV. 
NUt1B 
OOFBH 
A 
143e 
PQSTE 
NUI1B 
OOFDH 
A 
138. 


PQSTV. 
NUI1B 
OOFBH 
A 
140. 
PRBS 
_B 
00E4H 
A 
61. 
PS 
NUI1B 
OOBCH 
A 
102. 
PSW 
_B 
OODOH 
A 
14. 
1440 
1522 
1541 
1680 
1693 
1705 
1717 
1787 
IBCK 
I 
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PTO. 
_B 
OOB'1H 
.•. 
105. 
PT! 
NUI1B 
OOBBH 
.•. 
10341 
PXO. 
_B 
OOBBH 
.•. 
10blI 
PXI 
NUI1B 
OOBAH 
.•. 
Ion 
RB8 
_B 
OO'1AH 
.•. 
12n 
RC ••• 
BT CHECK 
C "DDR 
05B8H 
.•. 
1744. 
RCABT :=COUNTER 
D "'DDR 
OOF3H 
.•. 
22"" 
22'1 1747 
RC••• 
BT 
NUMB 
OOEEH 
A 
157. 
1745 
RD 
NUMB 
OOB7H 
.•. 
10'1' 
RDN 
NUMB 
OOEBH 
A 
1100' 
REC_ERROR_COUNT_ENO 
C AODR 
05•••••• 
H 
A 
1751 
17100 
1710'1 
17710. 
1'123 
REN 
NUI1B 
OO'1CH 
A 
122' 
RFIFO. 
NUI1B 
OOF4H 
A 
lob' 458 
RFNE 
NUMB 
OOEAH 
A 
Iba 
RI 
NUI1B 
OO'1BH 
A 
12"" 
1803 
1828 
RSO 
NUI1B 
OOD3H 
A 
7'1' 
RSI 
NUI1B 
OOD4H 
A 
78. 
RSTAT. 
NUMB 
OOEBH 
A 
103. 
RXD. 
NUI1B 
OOBOH 
A 
lib' 
SARHO 
NUI1B 
OOA3H 
A 
41' 
'Ill. 
'1410 '182 1012 
158'1 11010 
11031 
1104'1 
SARHI. 
NUI1B 
OOB3H 
A 
45' 
SARLO. 
., 
NUI1B 
00A2H 
A 
40. 
'lIS '145 981 
lOll 
1588 
1100'1 
11030 
11048 
SARLI. 
NUI1B 
OOB2H 
A 
44. 
458 
SBUF 
NUI1B 
OO'1'1H 
A 
30. 
1838 
18'1'1 
I\) 
I 


SCON 
NUI1B 
OO'18H 
A 
2'1' 4'12 
(.) 
SECOND_LSC_CHECK 
C ADDR 
044SH 
A 
1271 
1280. 
~ 
SECOND_TEN_CHECK 
C ADDR 
0335H 
A 
877 
BB5. 
I\) 
SLOH" 
_B 
00B4H 
A 
410. 
SI1O. 
NUI1B 
OO'1FH 
A 
11'1' 
SI1I. 
NUI1B 
OO'1EH 
A 
120. 
SI12. 
NUMB 
OO'1DH 
A 
121' 
SP 
NUI1B 
OOBIH 
A 
17. 381 
STACK 
OFFSET 
NUI1B 
0080H 
.•. 
202' 
381 
START-C:SC OUT. 
C ADDR 
03AbH 
A 
'123 '153 '199 101'1' 
START:=LSC:=OUT. 
C ADDR 
04'1EH 
A 
1317 
13410 
1381 
1410. 
START 
RETRANSI1IT 
C ADDR 
0554H 
A 
11002 
11023 
11044 
110102. 
START:- 
C ADDR 
OOOOH 
A 
351. 
TO 
_B 
OOB4H 
A 
112. 
T! 
_B 
OOBSH 
A 
Ill. 
TB8. 
_B 
OO'1BH 
A 
123. 
TCDCNT 
NUI1B 
OOD4H 
A 
56. 44'1 1520 
110108 
TCDT 
COUNTER 
D ADDR 
OODBH 
A 
23'1' 242 
1510b 
TCDT:=ERROR 
C ADDR 
04FEH 
A 
1556 
ISbn 
TCDT 
_B 
OODCH 
A 
14'1' 
TCON 
NUI1B 
008IIH 
.•. 
21. 
TON. 
_B 
OODBH 
A 
1501 
TEN. 
_B 
OOD'1H 
.•. 
152' 877 
BBb 
1021 
11070 
11072 
TFO. 
_B 
OOBDH 
.•. 
Bb. 
TFt. 
_B 
OOBFH 
A 
841 
TFIFO. 
_0 
OOBSH 
.•. 
35. 
453 
TFNF 
_B 
OODAH 
.•. 
151. 
THO 
_B 
008CH 
A 
25. 
THI. 
NUMB 
008DH 
.•. 
210. 
487 
TI 
NUMB 
OO'1'1H 
A 
12:;. 1425 
1887 
TLO. 
NUI1B 
OOB",H 
A 
23. 


~ 
c.J..• 
c.J 
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N A M E 


TLI. 
TMDD 
TRO. 
TRI. 
TR~ISSIDN_IN_PRDORESS 
TSTAT. 
HD. 
UR_COUNTER 
UR_ERROR 
UR 
WR 
XMIT_LSC 


REOISTER 
BANKCS) 
USED: 
0 


ASSEMBLV COMPLETE. 
NO ERRORS FOUND 
270720-55 


APPNDTI 


T V P E 


NUIG 
NUI1B 
NUI1B 
NUI1B 
C ADDR 
NUI1B 
NUIG 
D ADDR 
C ADDR 
NUIG 
NUI18 
C ADDR 


10/19/88 
PAOE 
39 


Y A L U E 
ATTRIBUTES 
AND REFERENCES 


ooeBH 
A 
24' 
0089H 
A 
221 
489 
490 
008CH 
A 
87. 
008EH 
A 
851 
495 
0332H 
A 
8811 
BB6 
OOD8H 
A 
581 
OOBIH 
A 
1151 
OOFFH 
A 
2191 
223 
1549 
04EEH 
A 
1544. 
OODDH 
A 
1481 
1546 
0086H 
A 
1101 
05DIH 
A 
1803 
1815. 
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APPENDIX 
B 
TAKING 
CONTROL 
OF THE BACKOFF ALGORITHM 


There is a method that allows the user to take control 
of the backofT process. This method will only work 
when normal or alternate backofTmodes are selected. It 
will not work in DCR mode. This method works by 
loading TCDCNT 
with 80H. Then on the first colli- 


sion, TCDCNT 
will overflow, aborting the transmis- 


sion and causing a transmission error to occur. It is in 
the error routine where the user takes control. Some of 
the modifications that have been tested are: 


1) Extending the number of retransmissions-this 
was 
accomplished by counting the number of attempted 
transmissions in a user implemented counter. When 
the number of collisions grew too big, the transmis- 
sions were aborted and an error flag set. 
2) Extending the number of time slots available--to 


implement this, it was required that the time slots be 
simulated using one of the timers. Then by reading 
the PRBS multiple times and ANDing each read of 
the PRBS with a masking register, the number of 
time slots could be extended to randomly fall within 
any range selected by the user. Once the slot time 
was determined, the resulting value was multiplied 
by the selected time slot with the appropriate value 
loaded into the timer registers and the timer started. 
When the timer expired, the transmission was re-at- 
tempted. For very large delays, multiple timer over- 
flows were required and a loop counter used. This 
also allowed time slots larger than 255 bit times to 
be used. 


Other modifications the user may wish to implement 
would be to use some kind of token passing scheme 
when collisions occur or instead of randomly assigning 
slot times, assign pre-determined time slots to each sta- 
tion. 


If the user decides to implement some kind of scheme 
such as these there are several factors the user must be 
aware of. These are: 
1) When TCDCNT overflows, it will still contain ei- 
ther 0 or 1 and these many time slots must expire 
before the GSC will begin transmissions again. Even 
if the transmitter 
is disabled and re-enabled the 
GSC still goes through the standard backofT algo- 
rithm. This means the user should program the slot 
time to 01 to minimize the amount of time until the 
GSC hardware will allow another transmission to 
begin. 
2) Due to the amount of software required to imple- 
ment any of these suggestions, most will not work at 
the same speed the internal hardware is capable of. 
For this reason, running at maximum baud rates 
with minimum IFS will probably not work. 


3) There is no real time indication to the user that the 
GSC thinks it is in a backofTalgorithm, if the GSC 
is currently receiving data, or when a collision is 
detected. These, and possibly other factors not ap- 
parent at the time this application note was written, 
must be considered whenever the user tries to modi- 
fy the hardware based backofTalgorithm with soft- 
ware. 
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INTRODUCTION 


Very often, complex systems involve two or more rni- 
crocontrollers to fulfill the requirements defined by a 
given objective. Since the nature of microcontrollers 
does not allow for easy dual-port memory design (no 
"READY" 
input; no "HOLD/HLDA" 
interface; port- 
oriented I/O etc.), design engineers are faced with the 
problem of interchanging information (data and status) 
between those microcontrollers. This application brief 
describes the design of a mailbox for exchanging infor- 
mation between two 80C3ls, using a 5C060 EPLD as a 
"back-to-back" register, and a 5C032 EPLD as an arbi- 
tration vehicle to control the actions of the CPUs. 


THE 5C060 
MAILBOX 


In this application, the 16 macrocells of the 5C060 are 
grouped into two sets of 8 so called "ROIF" 
(register 
output with input feedback) primitives to implement 
the two 8 bit bus interfaces needed. The grouping is 
done according to the following picture. 


GROUP A 
(~ICROCON- 
TROLLER A) 


The 5C060 allows for independent clocking of 8 macro- 
cells on each side of the chip, the two clock inputs are 
used to clock data from the microcontroller bus into 
the chip. To read the data written into the mailbox by 
one of the controllers, the RDA- (controller A is read- 
ing) or RDB- (controller B is reading) line must be 
pulled low by activating the read command (/RD). 
In 
order to avoid spurious read-cycles, the /RD 
com- 
mands 
from 
both 
microcontrollers 
are 
logically 
"ORed" together with an active high CS-signal (Chip 
Select) inside the 5C060. The CS-signal for both ports is 
derived from address line A15. Therefore, whenever 
Al5 becomes a logic "I" (true), the mailbox is activat- 
ed and ready to take or submit data. 
Address range for the mailbox: FOOO Hex 
to 
FFFF 
Hex 
(Upper 12 kbyte) 


5C060 


WRB 


CSA 


I/OAO 


I/OA1 


I/OA2 


I/OA3 


I/OM 


I/OA5 


I/OA6 


I/OA7 


ROA 


GNO 


VCC 


ROB 


I/OBO 


I/OB1 


I/OB2 


I/OB3 


I/OB4 


I/OB5 


I/OB6 


I/OB7 


CSB 


WRA 


GROUP B 
(~ICROCON- 
TROLLER B) 
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THE 5C032 "MAILBOX 
CONTROLLER" 


To keep the two microcontrollers informed about the 
status of their mailbox, the 5C032 is programmed to 
supply the following signals to both controllers: 


/OBFA: 
"OUTPUT BUFFER 
FULL" FOR MC A 


/OBFB: 
"OUTPUT BUFFER 
FULL" FOR MC B 


/IBEA: 
"INPUT BUFFER EMPTY" 
FOR MC A 


/IBEB: 
"INPUT BUFFER EMPTY" 
FOR MC B 


/INTA: 
INTERRUPT 
TO MC A 


/INTB: 
INTERRUPT 
TO MC B 


The next section will discuss the meanings of these sig- 
nals in more detail. 


Output Buffer Full: This flag is set whenever the con- 
troller writes into its own output 
buffer. The flag remains valid, until 
the second controller has read the 
data. The flag is automatically re- 
set to its inactive state when this 
read cycle is accomplished. 


NOTE: 
Both controllers can access (read or write) the mail. 
box simultaneously. 


Input Buffer Empty: This flag indicates that there is no 
message in the mailbox. The flag 
will become inactive as soon as 
one microcontroller places a mes- 
sage for the other one (or vice ver- 
sa). 


Example: 
/IBEA 
remains 
"LOW" 
until microcontroller 
B 


places a message for controller A 
into the mailbox for A. /IBEA 
will go "HIGH" 
as soon as con- 


troller 
B has 
accomplished 
its 


write 
cycle, 
and 
will 
not 
go 
"LOW" again until microcontrol- 
ler A has read the message. 
Interrupt: The 5C032 is programmed to supply inter- 


rupts to both microcontrollers involved, on 
one of the following events. 


1. The /OBF flag of the opposite microcon- 
troller becomes 'active; e.g. if controller A is 
placing a message for controller B, controller 
B receives an interrupt 
the same time as 
/OBFA becomes valid or vice versa. 


2. The /IBE flag of the opposite microcon- 
troller goes active, indicating that this con- 
troller has received the message; e.g. if con- 
troller B reads the message stored by con- 
troller A, its /IBEB flag goes active and con- 
troller receives an interrupt indicating that 
the buffer is empty. 


The signals described above are necessary to accom- 
plish a secure handshake without overwriting messages 
accidentally. In addition to that, the 5C032 is issuing 
the actual write commands for the two register sets in- 
side the 5C060. The /WRA and /WRB signals are re- 
sults oflogical "AND" functions between the appropri- 
ate CS- and /WR 
signals from the microcontrollers. 


Therefore, spurious write cycles are unlikely to happen. 
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A 
B 


ADO-AD7 
lA 
" 
ADO-AD7 
DO-D7 
DD-D7 
PO 


I(" 
~ 
7-4HCT373 
~ 
7-4HCT373 
~ 
[l' 
PO 


AO-A7 
AO-A7 fL-- 


~-; 
~ I. 
QI 


ADO-7 


OE~ 
D27C6-4 
027C6-4 
-4:- 
t- 
ALE 
ALE 
A8-A15 
A8-12 
A8-12 
A8-A15 
P2 
P2 
OECS 
CSOE 


PSEN 
f-- 
f-- 
~-:} 
-:}L.. - 
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5C060 
"BACK 
TO BACK REGISTER" 
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5C032 
"MAILBOX 
CONTROLLER" 
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5C060 REGISTER 
ADF 


JUERG 
STAHL 
INTEL 
ZUERICH 
August 
28, 1989 
80C3l MAILBOX 
MEMORY 
USING 
SC060 
/ SC032 
REV 
S 
SC060 


PART: 
SC060 
INPUTS: 
WB@l, 
CSA@2, 
CSB@14, 
nRDA@ll, 
nRDB@23, 
WA@13 
OUTPUTS: 
IOB7@lS, 
IOA7@10, 
IOB6@16, 
IOA6@9, 
IOBS@17, 
IOAS@8, 
IOB4@18, 
IOA4@7, 
IOB3@19, 
IOA3@6, 
IOB2@20, 
IOA2@S, 
IOB1@2l, 
IOA1@4, 
IOBO@22, 
10AO@3 


NETWORK: 
IOB7,DB7 
ROIF(DA7,WAC,GND,GND,RDBC) 
IOB6,DB6 
ROIF(DA6,WAC,GND,GND,RDBC) 
IOBS,DBS 
ROIF(DAS,WAC,GND,GND,RDBC) 
IOB4,DB4 
ROIF(DA4,WAC,GND,GND,RDBC) 
IOB3,DB3 
ROIF(DA3,WAC,GND,GND,RDBC) 
IOB2,DB2 
ROIF(DA2,WAC,GND,GND,RDBC) 
10B1,DBl 
ROIF(DA1,WAC,GND,GND,RDBC) 
IOBO,DBO 
ROIF(DAO,WAC,GND,GND,RDBC) 
IOA7,DA7 
ROIF(DB7,WBC,GND,GND,RDAC) 
IOA6,DA6 
ROIF(DB6,WBC,GND,GND,RDAC) 
IOAS,DAS 
= ROIF(DBS,WBC,GND,GND,RDAC) 
IOA4,DA4 
ROIF(DB4,WBC,GND,GND,RDAC) 
IOA3,DA3 
ROIF(DB3,WBC,GND,GND,RDAC) 
IOA2,DA2 
ROIF(DB2,WBC,GND,GND,RDAC) 
10A1,DAl 
R01F(DB1,WBC,GND,GND,RDAC) 
IOAO,DAO 
R01F(DBO,WBC,GND,GND,RDAC) 
WAC 
1NP (WA) 
WBC = 1NP(WB) 
CSB = 1NP(CSB) 
CSA = INP(CSA) 
nRDB 
INP(nRDB) 
nRDA 
= INP(nRDA) 


EQUATIONS: 


RDBC 
CSB * 
!nRDB; 


RDAC = CSA * 
!nRDA; 


END$ 
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~, 
"&V4J4.4J, 
.• &.A.I.JJ....Jr'1, 
,.u 


NETWORK: 
nWRA = 
INP(nWRA) 
nRDA 
= INP (nRDA) 
CSA 
= INP (CSA) 
nWRB 
= INP(nWRB) 
nRDB = INP(nRDB) 
CSB 
= INP(CSB) 
RST = 
INP(RST) 
WA = CONF(WAd,VCC) 
WB 
= CONF(WBd,VCC) 
nOBFA,nOBFA 
COIF(nOBFAd,VCC) 
nOBFB,nOBFB 
= COIF(nOBFBd,VCC) 
nIBEA,nIBEA 
= COIF(nIBEAd,VCC) 
nIBEB,nIBEB 
= COIF(nIBEBd,VCC) 
nINTA 
CONF(nINTAd,VCC) 
nINTB 
= CONF(nINTBd,VCC) 


EQUATIONS: 


nINTBd 
nOBFB 
* nIBEB; 


nINTAd 
= nOBFA 
* nIBEA; 


nOBFBd = 
!(!(!nRDA * CSA) * nIBEA * 
!RST); 
nOBFAd 
= 
!(!(!nRDB * CSB) * nIBEB 
* 
!RST); 
nIBEBd 
= 
!(!(CSA * 
!nWRA) * nOBFA); 
nIBEAd 
= 
!(!(CSB * 
!nWRB) * nOBFB); 
WAd = CSA * 
!nWRA; 
WBd 
= CSB * 
!nWRB; 


END$ 


292016-9 


2-324 


intel· 
APPLICATION 
BRIEF 
AB-38 


August 1990 


Interfacing the 82786 
Graphics 
Coprocessor to the 8051 


RICK SCHUE 
REGIONAL 
APPLICATIONS 
SPECIALIST 
INDIANAPOLlS, 
INDIANA 


Order Number: 270528-003 


2-325 


INTERFACING 
THE 82786 


GRAPHICS COPROCESSOR 
TO THE 8051 


CONTENTS 
PAGE 


HARDWARE 
2-327 


OPERATION 
2-327 


DESIGN NOTES 
2-327 


2-326 


infel· 
AB·38 


Interfacing the 82786 to the 8051 presents some inter- 
esting challenges, but can be accomplished with a little 
additional logic and software. Since the 82786 looks 
like a DRAM controller to the host CPU, wait states 
are often required 
when accessing the coprocessor. 


Since wait states are not supported by the 8051, latch- 
ing transceivers and dummy read and write cycles are 
used to communicate with the 82786. Byte swapping is 
also required in the external logic to allow the 8 bit 
8051 to read and write the 16 bit graphics memory 
supported by the 82786. This byte swapping is accom- 
plished with the latching transceivers as well. All of the 
control logic is implemented in an Intel 5C060 EPLD, 
allowing the entire interface to fit into three 24 pin 
DIPs. 


HARDWARE 


Figure 1 shows the interface between the 8051 bus and 
the .82786.Figure 2 shows a typical 8051 CPU design 
needed to complete the circuit. In this design the 82786 
is mapped into an 8K byte window in 8051 data memo- 
ry space. The upper address bits are used as a "page 
select" and are provided by 1/0 pins on the 8051. The 
5C060 EPLD contains the control logic for the trans- 
ceivers and address decoding for the 82786. An equiva- 
lent circuit for the EPLD is shown in Figure 3; the 
".ADF" 
file is shown in Figure 4. The 82786 data 
memory 
is mapped 
into 
one 
8K block 
(AOOOH- 
BFFEH), the 82786 registers are mapped into another 
(8000H-807EH), 
and the transceivers are mapped into 
a third block of memory (COOOH-COO1H). 


OPERATION 


Operation of the interface is as follows. For reading the 
graphics memory, the 8051 sets the upper address bits 
(PORT 1.0-1.3) and then performs a dummy read op- 
eration to the desired location in graphics memory 
(AOOOHthru BFFEH). 
The dummy read cycle pro- 


vides the address and RD/WR 
information 
to the 


82786, which runs a cycle and deposits the 16 bit result 
into the latching transceivers at the end of the read 
cycle, as indicated by SEN. This event clears the BUSY 
flip flop in the EPLD. When the BUSY signal goes 
inactive, the 8051 reads the low byte from the latching 
transceiver at address COOOHand the high byte free 
address COOIH. 


For write cycles, the 8051 writes the low byte of the 
word into the latch at address COOOHand the high byte 
into address COO1H.Next the upper address bits are set 
with PORTl and a dummy write cycle is performed in 
graphics 
memory 
at the desired address 
(AOOOH- 


BFFEH). Like in the read example, the 82786 runs a 
memory cycle at this point, enabling the outputs of the 
latching transceivers at the proper time in the write 
cycle, as indicated by SEN going active. 


Accessing the registers inside the 82786 is done in ex- 
actly the same fashion, except that the 82786 is ad- 
dressed in locations 8000H through 807EH. This caus- 
es the EPLD to drive the MIIO pin low during these 
cycles. 


DESIGN 
NOTES 


74F543's are used for the latching transceivers in this 
design, although 74HCT646's could be used to reduce 
the total power consumption. 
Some changes to the 


EPLD would be required in this case. The interface 
assumes that all memory accesses to the 82786 are 
word references; accordingly, BHE is grounded at the 
82786. All addresses generated by the 8051 must be 
even byte addresses, the only byte operations allowed 
are the reads and writes to the latching transceivers. 
The design shown here incorporates hardware work- 
arounds for the earlier "C-step" 
82786; the current 


"D-step" part will work in the design as well. Addition- 
al information regarding the 82786 can be found in the 
"82786 Graphics Coprocessor User's Manual", 
Intel 


publication number 231933. 
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INTEL 
August 11, 1987 
1-003 
o 
5C060 
8051/82786 Control Logic for 8051 Demo Board 
786 I/O 
8000H-807FH 
786 
Memory 
AOOOH-BFFFH 
Registers 
COOOH,COOIH 
OPTIONS: TURBO= ON 
PART: 5C060 
INPUTS: A15@23,A14@14,A13@11,AO@2,RD/@10,WR/@9,SEN@8;CKK 
OUTPUTS: 786CS/@15,786RD/16,OEH/@17,LEH/@18,OEL/@19,LEL/@20, 
LEW/@21,OEW/@22,READ@4,BUSY@3 
NETWORK: 
a15 = INP (A15) 
a14 = INP (A14) 
a13 = INP (A13) 
aO = INP (AO) 
rdn = INP (RD/) 
wrn = INP (WR/) 
sen = INP (SEN) 
elk = INP (CLK) 
a14n = NOT 
(a14) 
a13n = NOT 
(a13) 
aOn = NOT 
(aO) 
786csri= NAND 
(a15,a14n) 
786CS/ = CONF (786csn,VCC) 
786rdn = OR (786csn,rdn) 
786RD/ = CONF (786rdn,VCC) 
hibankn = NAND 
(a15,a14,a13n,aO) 
lobankn = NAND 
(a15,a14,a13n,aOn) 
oehn = OR (hibankn,rdn) 
OEH/ = CONF (oehn,VCC) 
lehn = OR (hibankn,wrn) 
LEH/ = ~ONF (lehn,VCC) 
oeln = OR (lobankn,rdn) 
OEL/ = CONF (oeln,VCC) 
leln = OR (lobankn,wrn) 
LEL/ = CONF (leln,VCC) 
oewn = NAND 
(sen,write) 
OEW/ = CONF (oewn,VCC) 
lew = AND 
(sen,read) 
qO = NORF 
(lew,clk,GND,GND) 
ql = NORF 
(qO,clk,GND,GND) 
q2 = NORF 
(ql,clk,GND,GND) 
q2n = NOT 
(q2) 
- 


lewn = NAND 
(ql,q2n) 
LEW/ = CONF (lewn,VCC) 
786wr = NOR 
(786csn,wrn) 
786rd = NOT 
(786rdn) 
READ,read = SOSF (786rd,clk,786wr,GND,GND,VCC) 
write = NOT 
(read) 
786rdwr = OR (786rd,786wr) 
BUSY = SONF (786rdwr,clk,sen,GND,GND,VCC) 
END$ 


Figure 4. 
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This application note details the interface between an 
8OC31 and a Densitron 
two row by 24 character 
LM23A2C24CBW display. This combination provides 
a very flexible display format (2x24) and a cost effec- 
tive, low power consumption microcontroller suitable 
for many industrial control and monitoring functions. 


Although this applications brief concentrates on the 
80C31, the same software and hardware techniques are 
equally valid on other members of the 8051 family, in- 
cluding the 8031, 8751, and the 8044. 


HARDWARE 
DESIGN 


The LCD is mapped into external data memory, and 
looks to the 8OC31just like ordinary RAM. The regis- 
ter select (RS) and the read/write (R/W) pins are con- 
nected to the low order address lines AO and At. Con- 
necting the R/W pin to an address line is a little unor- 
thodox, but since the R/W 
line has the same set-up 
time requirements as the RS line, treating the R/W pin 
as an address kept this pin from causing any timing 
problems. 


The enable (E) pin of the LCD is used to select the 
device, and is driven by the logical OR of the 80C31's 
RD and WR signals AND'ed with the MSB of the ad- 
dress bus. This maps the LCD into the upper half of the 
64 KB external data space. If this seems a little waste- 
ful, feel free to use a more elaborate address decoding 
scheme. 


With the address decoding shown in the example, the 
LCD is mapped as follows: 


Address 
Function 
Read/Write? 


8000H 
Write Command 
to LCD 
Write Only 
8001H 
Write Data to LCD 
Write Only 
8002H 
Read Status from LCD 
Read Only 
8003H 
Read Data from LCD 
Read Only 
8004H 
to 
No Access 
FFFFH 


Undefined results may occur if the software attempts to 
read address 8000H or 8oo1H, or write to address 
8oo2H or 8oo3H. 


TIMING 
REQUIREMENTS 


The timing requirements of the Densitron LCD are a 
little slow for a full speed 8OC3t. The critical timing 
parameters 
are the enable pulse width (PW E) of 
450 ns, and the data delay time during read cycles 
(tDDR) 
of 320 ns. The 8OC31 is available at clock 
speeds up to 16 MHz, but at this speed these parame- 
ters are violated. Since the 80C31 lacks a READY pin, 
the only way to satisfy the LCD timing requirements is 
to slow the clock down to 10 MHz or lower. A conve- 
nient crystal frequency is 7.3728 MHz since it allows all 
standard baud rates to be generated with the internal 
timers. 


SOFTWARE 


The code consists of a main module and a set of utility 
procedures that talk directly to the LCD. This way the 
application code does not have to be concerned with 
where the LCD is mapped, or the exact bit patterns 
needed to control it. The mainline consists of a call to 
initialize the LCD, and then it writes a message to the 
screen, waits, and then erases it. It repeats this indefi- 
nitely. 


The utility procedures include functions to initialize the 
display, send data and address to the LCD, home the 
cursor, clear the display, set the cursor to a given row 
and column, turn the cursor on and off, and print a 
string of characters to the display. Not all the functions 
are used in the software example. 


REFERENCES 


INTEL Embedded Controller Handbook, 210918 


INTEL PL/M-51 User's Guide, 121966 
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Main_module: 
DO; 


Delay: PROCEDURE 
(count) EXTERNAL; 
DECLARE 
count 
WORD; 
END Delay; 


Initialize_LCD: PROCEDURE EXTERNAL; 
END Initialize_LCD; 


Clear display: PROCEDURE EXTERNAL; 
END Clear_display; 


LCD_print: PROCEDURE EXTERNAL; 
END LCD_print; 


DECLARE LCD_buffer 
(48) 
BYTE 
PUBLIC, 
sign_on_message 
(*) 
BYTE 
CONSTANT 
('INTEL 8051 DRIVES LCD - , 
'2 ROWS BY 24 CHARACTERS 
'), 
i 
BYTE; 


/* This is the start of the program 
*/ 


/* Initialize the LCD */ 
CALL Initialize_LCD; 
CALL Clear_display; 


/* Now enter an endless loop to display the message 
*/ 
DO WHILE 1; 


/* Copy the message to the buffer */ 
DO i = 0 to 47; 
LCD_buffer(i) = sign_on_message(i) ; 
END; 


/* Now print out the buffer to the LCD 
*/ 
CALL LCD_print; 


/* wait a while 
*/ 
CALL Delay(2000) ; 


/* now clear the screen */ 
CALL Clear_display; 


END; 
/* of DO WHILE 
*/ 


END Main_module; 
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DECLARE LCD_buffer 
(48) 
LCD_command 
LCD_data 
LCD_status 
LCD_busy 
i 


Delay: PROCEDURE 
(msec) PUBLIC; 


BYTE 
EXTERNAL, 
BYTE 
AT 
(08000H) AUXILIARY, 
BYTE 
AT 
(08001H) AUXILIARY, 
BYTE 
AT (08002H) AUXILIARY, 
LITERALLY'lOOO$OOOOB', 
BYTE; 


/* This procedure causes a delay of n msec */ 


WORD, 
WORD; 


/* .2 msec delay */ 


DECLARE char BYTE; 


LCD_out: PROCEDURE 
(char) PUBLIC; 


/* wait for LCD to indicate NOT busy */ 
DO WHILE 
(LCD_status AND LCD_busy) < > 0; 
END; 


/* now send the data to the LCD */ 
LCD_data = char; 


DECLARE msec 
i 


IF msec > 0 THEN DO; 
DO i = 0 to msec - 1; 
CALL Time(5) ; 
END; 


END Delay; 


END LCD out; 
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Home_cursor: 
PROCEDURE 
PUBLIC; 


CALL LCD_command_out(OOOO$OOlOB) 
; 


END Home_cursor; 


Clear_display: 
PROCEDURE 
PUBLIC; 


CALL LCD_command_out 
(OOOO$OOOlB); 


END Clear_display; 


Set_cursor: 
PROCEDURE 
(position) PUBLIC; 


DECLARE 
position 
BYTE; 


IF position> 
47 THEN position = 47; 
IF position 
< 24 THEN CALL LCD_command_out(080H 
+ position) ; 
ELSE CALL LCD_command_out(OCOH 
+ (position - 24)); 


END Set_cursor; 


Cursor_on: 
PROCEDURE 
PUBLIC; 


CALL LCD_command_out(OOOO$llllB) 
; 


END Cursor_on; 


Cursor_off: 
PROCEDURE 
PUBLIC; 


CALL LCD_command_out(OOOO$llOOB) 
; 


END Cursor_off; 
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LCD_print: 
PROCEDURE 
PUBLIC; 


/* This procedure 
copies the contents of the LCD_buffer 
to the display 
*/ 


CALL Set_cursor(O) 
; 
DO i = 0 to 23; 
CALL LCD_out(LCD_buffer(i)); 
END; 
CALL Set_cursor(24) ; 
DO i = 24 to 47; 
CALL LCD_out(LCD_buffer(i)); 
END; 


END LCD_print; 


Initialize_LCD: 
PROCEDURE 
PUBLIC; 


CALL Delay(lOO) ; 
CALL LCD_command_out(38H); 
/* Function 
Set */ 
CALL LCD_command_out(38H) ; 
CALL LCD_command_out(06H); 
/* entry mode set */ 
CALL Clear_display; 
CALL Home_cursor; 
CALL Cursor_off; 
CALL Set_cursor(O) ; 


END Initialize_LCD; 
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cumuiator", 
zeros upper 
16 bits of accumulator. 


Load_32 
(word.ihi.word.ilo) 


Loads word.ihi 
into upper 
16 bits of accumulator, 
word 
Iocinto 
Lower 
16 bits. 


Low_16 


Returns 
the 
lower 
16 bits 
of the accumulator, 
bits 0 
through 
15. 


Mid_16 


Returns 
the middle 
16 bits of the accumulator, 
bits 8 
through 
23. 


HigL16 


Returns 
the upper 
16 bits of the accumulator, 
bits 
16 
through 
31. 


MuL16 
(word.iparam) 


Multiplies 
the 
32-bit 
accumulator 
by the 
16-bit word 
supplied, 
result 
left in accumulator. 


Div_16 
(word.iparam) 


Divides 
the 32-bit accumulator 
by the 16-bit word sup- 
plied, 
result 
left in accumulator. 


Add_16 
(wordcparam) 


Adds 
the 16-bit word supplied 
to the 32-bit accumula- 
tor. 


Typical 
applications 
have 
16-bit 
"input" 
values 
and 
produce 
16-bit "output" 
values, 
but require 
32-bit val- 
ues 
for 
intermediate 
results. 
An 
example 
would 
be 
reading 
a 12-bit AID, performing 
some gain and offset 
calculation 
on the raw AID data to produce 
a calibrat- 
ed 16 bit result. 
Doing 
this is a simple 
task 
with 
this 
math 
package. 


I" 
gain 
is in units 
of 1/256 
"I 


result 
= 
MiL16; 


In this example 
the accumulator 
was loaded 
with 
the 
raw AID value 
and 
then 
the 
offset 
was applied. 
The 
gainzfactor 
was "pre-rnultiplied" 
by 256 (8 bits), giving 
it a granularity 
of 1/256. The result was extracted 
from 
the "middle" 
16 bits of the accumulator 
(bits 8 to 23) to 
account 
for the scaling 
factor 
of 256 introduced 
in the 
multiply 
step. 


The package 
requires 
about 
384 bytes of ROM 
and 30 
bytes 
of RAM. 
Individual 
routines 
can 
be deleted 
to 
conserve 
RAM 
if they are not used. 
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CODE SOURCE 
LISTINGS 


; 
RSEXl 
HIIth32Data 
?Load 16?byte: "os 2 
?Load-32?byte: 
OS 4 
?/tl116?byte: 
OS 2 
?Div-16?byte: 
OS 2 
?Add-16?byte: 
OS 2 
?Sub:16?byte: 
00 2 
?Add 32?byte: 
OS 4 
?Sub-32?byte: 
00 4 
OP 0: 
OS 1 
OP-1: 
OS 1 
OP-2: 
00 1 
OP-3: 
DS 1 
'IMP 0 
OS 1 
'IMP-I 
OS 1 
'IMP-2 
OS 1 
'IMP:3 
DS 1 


, 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
PUBLIC 
; 
HIIth32 Data 
Hath:32:Code 


coos SOOR:E 
LISTINGS 


Hath_32_KoduIe 


Load 16, ?Load 16?byte 
Load-32 , ?Load-32?byte 
Mul 16, ?Mul 16?byte 
Div-16, ?Div-16?byte 
Add-16 , ?Add-16?byte 
Sub-16 , ?Sub-16?byte 
Add-32 , ?Add-~2?byte 
Sub-32 , ?Sub-32?byte 
tOl(16, Hid_16, Hiqh_16 


DATA 
COOE 
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Load 
32: 
;Load 
all 
the OP registers 
with 
the value 
supplied 
MOV 
OP 3,?Load 32?byte 
MOV 
OP-2,?Load-32?byte 
+ 1 
MOV 
OP-l,?Load-32?byte 
+ 2 
MOV 
OP=O,?Load=32?byte + 3 
RET 


Low 16: 
-;Return 
the 
lower 16 bits 
of 
the OP registers 
MOV 
R6,OP 1 
MJV 
R7,OP-O 
RET 
- 


Mid 16: 
-;Return 
the middle 
16 bits 
of 
the OP registers 
MOV 
R6,OP 2 
MOV 
R7,OP-l 
RET 
- 


High 16: 
;Return 
the high 
16 bits 
of the OP registers 
MOV 
R6,OP 3 
MOV 
R7,OP=2 
RET 


Load 16: 
;Load 
l'O.J 
MJV 
:-'DV 


t1JV 
RET 


Add 16: 
-;Add 
CLR 
MOV 
AOOC 
MOV 
MOV 
ADO: 
MOV 
MJV 
AOOC 
MOV 
MJV 
ADO: 
MOV 
RET 


the 
lower 16 bits 
of 
the OP registers 
with 
the value 
OP 3,,0 
OP-2,fO 
OP-l,?Load 
16?byte 
OP=O,?Load=16?byte + 1 


supplied 


the 
16 bits 
supplied 
by the caller 
to the OP registers 
C 
A,OP ° 
A,?Add 16?byte 
+ 1 
OP O,A- 
A,OP 1 
A,?Add 16?byte 
OP 1,A- 
A,OP 2 
A,'O- 
OP 2,A 
A,OP 3 
A,tO- 
OP_3,A 


; low byte 
first 


;high 
byte 
+ carry 


;prapagate 
carry 
only 


;prapagate 
carry 
only 
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Add 32: 


-;Add 
CLR 
M:)V 
ADOC 
~V 
M:JV 
AOOC 
n» 
M:JV 
ADOC 
M:JV 
~ 
ADD: 
~ 
HET 


the 
32 bits 
supplied 
by 
C 
A,OP 0 
A,?Add 32?byt= + 3 
OP O,A- 
A,OP 1 
A,?Add 32?byte + 2 
OP 1,A- 
A,OP 
2 
A,?Add 32?byte + 1 
OP 2,A- 
A,OP 3 
A,?Add 32?byte 
OP_3,A- 


CLR 


/:'DV 
SUBB 
~ 
M:)V 
SUBB 
~ 
M:)V 
SUBB 
~ 
/:'DV 
SUBB 
~ 
HET 


C 
A,OP 0 
A,?SUb 16?byte + 1 
OP O,A- 
A,OP 1 
A,?SUb l6?byte 
OP 1,A- 
A,OP 
2 
A,IO- 
OP 2,A 
A,OP 3 
A,tO- 
OP_3,A 


the caller 
to tne OP registers 


,lowest 
byte firsc 


,mid-lowest 
byte 
+ carry 


,mid-highest 
byte + carry 


,highest 
byte 
+ carry 


Sub 16: 


-;Subtract 
the 16 bits 
supplied 
by the caller 
from the OP registers 


CLR 
/:'DV 
SUBB 
~ 


/:'DV 
SUBB 
M:)V 
M:)V 
SUBB 
M:)V 


/:'DV 
SUBB 
~ 
HET 


C 
A,OP 0 
A,?SUb 32?byte + 3 
OP O,A- 
A,OP 1 
A,?SUb 32?byce + 2 
OP 1,A- 
A,OP 
2 
A,?SUb 32?byce + 1 
OP 2,A- 
A,OP 3 
A,?SUb 32?bft; 
OP_3,A- 


; low byte first 


;high byte + carry 


;propagate 
carry 
only 


;propagate 
carry 
only 


Sub 32: 
-,Subtract 
the 32 bits 
supplied 
by the caller 
from the OP registers 


;lowest 
byte first 


;mid-lowest 
byte + carry 


,mid-highest 
byte + carry 


,highest 
byte 
+ carry 
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ADD 
I1JV 
I1)V 
ADDC 
I1)V 
JIe 
INC 
~l 
loopl: 
-I1)V 
a,op 
0 
I1JV 
A,?MUl l6?byte 
tfJL 
AB 
- 
ADD 
A,'IMP 1 
I1JV 
'IMPl-;A 
I1)V 
A,B- 
ADo: 
A,'IMP2 
I1)V 
'IMP2-;A 
JIC 
Mul:::loop2 
lie 
'IMP3 
!tll 
loop2: 
- 
-; 
Now start 
working on 
I1JV 
B,OP 2 
I1)V 
A,?MUl l6?byte+l 
MUL 
AB 
- 
ADD 
A,'IMP 2 
M:lV 
'IMP2-;A 
I1)V 
A,B- 
ADo: 
A,'IMP3 
I1)V 
'IMP3-;A 


; 
Now the other 
half 
I1)V 
a.os 
1 
I1)V 
A,?MUl l6?byte 
tfJL 
AB 
- 
ADD 
A,'IMP 2 
I1JV 
'IMP 2-; A 
M:lV 
A,a- 
ADllC 
A,'IMP 3 
I1JV 
'IMP 3-;A 
; 
Now finish 
off 
the 
I1JV 
B,OP 3 
I1)V 
A,?MU1_16?byte+l 


;low-order 
result 
save 
get 
high-order 
result 
include 
carry 
from previous 
operation 
save 


A,'IMP 1 
'IMPl-;A 
A,a- 
A,'IMP 2 
'IMP2-;A 
!tll-loopl 
'IMP:::3 
propagate 
carry 
into'IMP_3 


;low-order 
result 
save 
get 
high-order 
result 
include 
carry 
from previous 
operation 
save 


the 3rd byte 


;low-order 
result 
save 
get 
high-order 
result 
include 
carry 
from previous 
operation 
save 


;low-order 
result 
; save 
; get 
high-order 
result 
; include 
carry 
from previous 
operation 
; 
save 
highest 
order 
byte 
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IfJL 
AB 
ADO 
A,'IMP 3 
I'CN 
'IMP3-;A 
; Forget about 
~v 
a,op 2 
~v 
A,?MUl l6?byte 
IfJL 
AB 
- 
ADD 
A,'IMP 3 
;low-order result 
~V 
'IMP3-;A 
; save 
; Now we iie all done, move the 'IMPvalues back into OP 
I'CN 
OP O,'IMP0 
I'CN 
OP-l,'IMP-l 
I'CN 
OP-2,'IMP-2 
MOV 
OP-3,'IMP-3 
REI' 
- 
- 


;low-order result 
; save 
the high-order result, this is only 32 bit math! 
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Div 16: 
-iThis 
divides 
the 
32 bit 
OP register 
by the value 
supplied 
(1)V 
R7,10 


I"DV 
R6"O 
(1)V 
'IMP0,.0 


I"DV 
'lMP-l,'O 
(1)V 
'IMP-2,.0 
I'OV 
'IMP-),to 
(1)V 
Rl,?Div 
l6?byte 
(1)V 
RO,?Div-16?byte+l 
I'OV 
RS,132 - 
iThis 
beqins 
the 
loop 
Div loop: 
-CALL 
Shift 
D 
I'OV 
A,R6 - 
RLC 
A 
I'OV 
R6,A 
I'OV 
A,R7 
RLC 
A 
I'OV 
R7,A 
i!lOWtest 
to see 
if 
R7:R6 >= Rl:RO 
JC 
Can sub 
iCa.rry out of R7shift 
means R7:R6 > Rl:RO 
CLR 
C- 


I'OV 
A,R7 
SUBB 
A,Rl 
JC 
Cant sub 
~at 
this 
point 
R7>Rl or R7=Rl 
JNZ 
Can sub 
i jl.ll1p if 
R7>Rl 
iif 
R7 • RI, ttst 
for 
R6>sRO 
CLR 
C 
I'OV 
A,R6 


SUBB 
A,RO 
JC 
Cant sub 
Can sub: 
- 
-isubtract 
the divisor 
from the partial 
remainder 
CLR 
C 
I'OV 
A,R6 
SUBB 
A,RO 
I'OV 
R6,A 
I'OV 
A,R7 
SUBB 
A,Rl 
I'OV 
R7,A 
SE'llI 
C 
JHP 
Quat 
Cant sub: 
;shift 
a 0 into 
the quotient 
CLR 
C 
Quat: 
i shift 
the carry 
':::i ; into 
the quotient 
CALL 
Shift 
Q 
i Test 
for 
cOmpetl~r. 


DJNZ 
RS,Div loop 
i Nowwe are all 
done, 
rrove 
the 'lMPvalues 
back into 
OP 
I'OV 
OP 0,'lMP 0 
I'OV 
OP:),'lMP:) 


izero 
out partial 
r~mainder 


iload 
divisor 


iloop 
count 


ishift 
the dividend 
and return 
MSB in C 
ishift 
carry 
into 
LSB of partial 
remainder 


i subtract 
Ri from R7 to see if 
Rl < R7 
i 
A = R7 - Rl, carry 
set 
if 
R7 < Rl 


i A = R6 - RO, carry 
set 
if 
R6 < RO 


A=R6-RO 


A = R7 - Rl - Borrow 


shift 
a 1 into 
the quotient 
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!'DV 
!'DV 
RET 


OP 
2,'IMP 
2 
OP:3,'IMP:) 


Shift 
D: 
;shift 
the dividend one bit 
to the left 
and return 
the ~8 
in C 
CLR 
C 
I'OV 
A,OP 
a 
RLC 
A 
- 
!'DV 
OP 
a,A 
101 
A,OP 
1 
RLC 
A 
- 
I'OV 
OP 
1,A 
I'OV 
A,OP 
2 
RLC 
A 
- 
I'OV 
OP 
2,A 
101 
A,OP 
3 
RLC 
A 
- 
101 
OP 
3,A 
RET 
- 


Shift 
Q: 
;shift 
the quotent ooe bit 
to the left 
and shift 
the C into LSB 
101 
A,'IMP 
a 
RU: 
A 
- 
I'OV 
'IMP a,A 
I'OV 
A, 'IMP 1 
RU: 
A 
- 
I'OV 
'IMP 1 ,A 
I'CJII 
A, 'IMP 2 
RLC 
A 
- 
101 
'IMP 2,A 
I'OV 
A, 'IMP 
3 
RLC 
A 
- 
!'DV 
'IMP_3 ,A 
RET 
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For microcontroller 
applications which require more 
than 
one serial port, 
the 83C51FA 
Programmable 
Counter Array (PCA) can implement additional half- 
duplex serial ports. If the on-chip UART is being used 
as an inter-processor link, the PCA can be used to in- 
terface the 83C51FA to additional asynchronous lines. 


This application uses several different Compare/Cap- 
ture modes available on the PCA to receive or transmit 
bytes of data. It is assumed the reader is familiar the 
PCA and ASM51. For more information on the PCA 
refer to the "Hardware Description of the 83C51FA" 
chapter in the Embedded Controller Handbook (Order 
No. 210918). 


Introduction 


The figure below shows the format of a standard lO-bit 
asynchronous frame: 1 start bit (0), 8 data bits, and 1 
stop bit (1). The start bit is used to synchronize the 
receiver to the transmitter; at the leading edge of the 
start bit the receiver must set up its timing logic to 
sample the incoming line in the center of each bit. Fol- 
lowing the start bit are eight data bits which are trans- 
mitted least significant bit first. The stop bit is set to the 
opposite state of the start bit to guarantee that the lead- 
ing edge of the start bit will cause a transition on the 
line. It also provides a dead time on the line so that the 
receiver can maintain its synchronization. 


Two of the Compare/Capture 
modes on the PCA are 
used in receiving and transmitting data bits. When re- 
ceiving, the Negative-Edge Capture mode allows the 
PCA to detect the start bit. Then using the Software 
Timer mode, interrupts are generated to sample the in- 
coming data bits. This same mode is used to clock out 
bits when transmitting. 


This Application Note contains four sections of code: 


(1) List of variables 
(2) Initialization routine 


(3) Receive routine 
(4) Transmit routine. 


A complete listing of the routines and the test loop 
which was used to verify their operation is found in the 
Appendix. A total of three half-duplex channels were 
run at 2400 Baud in the test program. The listings 
shown here are simplified to one channel (Channel 0). 


Variables 


Listing I shows the variables used in both the receive 
and transmit routines. Flags are defined to signify the 
status 
of the reception 
or transmission 
of a byte 
(e.g. 
RCV_START_BIT, 
TXM_START_BIT). 


RCV_BUF 
and TX~BUF 
simulate the on-chip se- 
rial port SBUF as two separate buffer registers. The 
temporary 
registers, RCV_REG 
and TXM~G, 
are used to save bits as they are received or transmitted. 
Finally, two counter registers keep 'track of how many 
bits have been received or transmitted. 


Variables are also needed to define one-half and one- 
full bit times in units of PCA timer ticks. (One bit time 
= 
I / baud rate.) With the PCA timer incremented 
every machine cycle, the equation to calculate one bit 
time can be written as: 


Osc. Freq. 
= 1 bit time 
(in PCA timer 
ticks) 
(12) x (baud 
rate) 


In this example, the baud rate is 2400 at 16 MHz. 


16MHz 
(12) x (2400) 
= 556 counts 
= 22C 
Hex 


The high and low byte of this value is placed in the varia- 
bles FULLJIT~IGH 
and FULL_BIT_LOW, 
respectively. 
115H 
is 
the 
value 
loaded 
into 
HALF_BIT_HIGH 
and HALF_BIT_LOW. 


STOP 
.1 
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Listing 1.Variables used by the software serial port. Channel 0 


Receive 
Routine 


RCV 
START 
BIT 
0 
- 
-- 


RCV 
DONE 
0 


RCV 
BUF 
0 


RCV 
REG 
0 


RCV 
COUNT 
0 


BIT 


BIT 


DATA 


DATA 


Transmit 
Routine: 


DATA 


TXM 
START 
BIT 
0 
BIT 
- 
-- 


TXM BUF 
0 
DATA 


TXM REG 
0 


TXM 
COUNT 
0 


DATA 
0 


NEG 
EDGE 
SW-TIMER 


HALF 
BIT 
HIGH 
HALF-BIT-LOW 
FULL-BIT-HIGH 
FULL-BI T-LOW 


DATA 


DATA 


DATA 


EQU 
EQU 


EQU 
EQU 
EQU 
EQU 


20H.0 


20H.l 


30H 


3lH 


32H 


20H.3 


20H.4 


34H 


35H 


36H 


37H 


llH 
49H 


OlH 
l5H 
02H 
2CH 


Indicates 
start 
bit 
has been 
received 
Indicates 
data 
byte 
has been 
received 
Software 
Receive 
"SBUF" 
Temporary 
register 
for receive 
bits 
Counter 
for receiving 
bits 


Indicates 
start 
bit 
has 
been 
transmitted 
Indicates 
transmit 
is 
in progress 
Software 
transmit 
"SBUF" 
Temporary 
register 
for transmitting 
bits 


.Counter for transmit- 
ting 
bits 
Register 
used 
for the 
test 
program 


Two modes 
of operation 
for compare/capture 
modules 


Half 
bit 
time 
= 
l15H 


Full 
bit 
time 
= 22CH 
2400 
Baud 
at 16 MHz 
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Listing 2 contains the intialization code for the receive and transmit process. Module 0 of the PCA is used as a 
receiver and is first set up to detect a negative edge from the start bit. Modules 2 and 3 are used for the additional 2 
channels (see the Appendix). Module 3 is used as a separate software timer to transmit bits. 


Listing 2. Initialization Routine 
'\ 


ORG 
OOOOH 
LJMP 
INITIALIZE 
ORG 
OOlBH 
LJMP 
RECEIVE_DONE 


ORG 
0033H 
LJMP 
RECE IVE 
, 
INITIALIZE: 
MOV 
SP, 
.5FH 


INIT PCA: 
MOV 
CMOD, 
'OOH 


MOV 
CCON, 
.OOH 
MOV 
CCAPMO, 
'NEG_EDGE 


MOV 
CCAPM3, 
'S_W_TlMER 


MOV 
CL, 
'OOH. 


MOV 
CH, 
.OOH 
MOV 
lE, .OD8H 


SETB 
CR 
270531-5 


Timer 
1 overflow 
- 
simulates 
"RI" 
interrupt 


PCA 
interrupt 


Initialize 
stack 
pointer 
(specific 
to test 
program) 


Increment 
PCA 
timer 
@ 1/12 Osc Frequency 
Clear 
all 
status 
flags 
Module 
0 in negative-edge 
trigger 
mode 
(Pl.3) 
Module 
3 as software 
timer 
mode 


Init 
all needed 
interrupts 
EA, 
EC, ES, 
ETl 
Turn 
on PCA 
Counter 


All flags and registers from Listing I should be cleared in the initialization process. 


Receive 
Routine 


Two operating modes of the PCA are needed to receive bits. The module must first be able to detect the leading edge 
of a start bit so it is initially set up to capture a l-to-O transition (i.e. Negative-Edge Capture mode). The module is 
then reconfigured as a software timer to cause an interrupt at the center of each bit to deserialize the incoming data. 
The flowchart for the receive routine is given in Figure 1. 
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Add ~ bit 
time to 
compare/copture 
registers 


Add 1 bit 
time to 
compon/copture 
registers 


NO 


YES 


NO 


Add 1 bit 
time to 
compon/copture 
registers 


NO 


NO 


Reconflgure 
PCA 
module to 
capture 
1 - 0 
transitions 
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Figure 1. Flowchart 
for the Receive 
Routine 
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CLR 
C 
MOV 
A, 
'HALF_BIT_LOW 
ADD 
A, CCAPOL 
MOV 
CCAPOL, 
A 
MOV 
A, 
lHALF 
BIT 
HIGH 
ADDC 
A, CCAPOH 
- 
MOV 
CCAPOH, 
A 
MOV 
CCAPMO, 
IS W TIMER 
POP 
PSW 
- - 
POP ACC 
RETI 


1S waiting 
for a start 
bit 


Update 
compare/capture 
registers 
for half 
bit 
time 
to sample 
start 
bit 
Half 
bit 
time 
= 11SH 


Reconfigure 
module ° as 
a software 
timer 
to sample 
bits 


RCV 
START_O: 
CJNE 
A, 
•S_W_TIMER, 
ERROR ° ; Check 
module 
is 
; configured 
as a software 
; timer, 
otherwise 
error. 
JB RCV_START_BIT_O, 
RCV 
BYTE ° ; Check 
if start bit 
- 
is received 
yet. 
JB Pl.3, 
ERROR_O 
Check 
that 
start 
bit 
= 0, 
otherwise 
error. 
SETB 
RCV 
START 
BIT_O 
Signify 
valid 
start 
bit 
was 
received 
MOV 
RCV_COUNT_O, 
.09H 
St~rt 
counting 
bits 
sampled 


CLR 
C 
MOV A, 
'FULL_BIT 
LOW 
ADD 
A, 
CCAPOL 
MOV 
CCAPOL, 
A 
MOV A, 
'FULL 
BIT 
HIGH 
ADDC 
A, CCAPOH 
- 
MOV 
CCAPOH, 
A 
POP 
PSW 
POP ACC 
RETI 


Update 
compare/capture 
registers 
to sample 
incoming 
bits 
Full bit 
time 
= 22CH 
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The next 8 timer interrupts will receive the incoming data bits; the RCV_COUNT 
register keeps track of how many 
bits have been sampled. As each bit is sampled, it is shifted through the Carry Flag and saved in RCV~G. 
The 
ninth sample checks the validity of the stop bit. If it is valid, the data byte is moved into RCV_BUF. 


The main routine must have a way to know that a byte has been received. With the on-chip UART, the RI (Receive 
Interrupt) bit is set whenever a byte has been received. For the software serial port, any unimplemented interrupt 
vector can be used to generate an interrupt when a byte has been received. This routine uses the Timer 1 Overflow 
interrupt (its selection is arbitrary). A routine to test this interrupt is incl~ded in the listing in the Appendix. 


Listing 3.2. Receive Interrupt Routine (Continued) 


RCV_BYTE_O: 
DJNZ 
RCV_COUNT 
0, RCV 
DATA ° ; On 
9th sample, 
; check 
for valid 
stop bit 
RCV 
STOP 
0: JNB Pl.3, 
ERROR ° 
- 
- MOV 
RCV_BUF_O, 
RCV_REG_O 


SETB RCV_DONE_O 


SETB 
TFl 


; Save 
received 
byte 
in 
receive 
"SBUF" 
Flag 
which 
module 
received 
a byte 
Generate 
an interrupt 
so 
main 
program 
knows 
a byte 
has been 
received 
(Note: selection 
of TFl 
is 
arbitrary) 
Reconfigure 
module 
0 for 
Reception 
of a start 
bit 
MOV 
CCAPMO, 
iNEG_EDGE 


POP PSW 
POP ACC 
RETI 


0: MOV 
C, Plo3 
MOV 
A, RCV 
REG ° 
RRC A 
-- 
MOV 
RCV_REG_O, 
A 


CLR C 
MOV 
A, 
'FULL_BIT 
LOW 
ADD A, 
CCAPOL 
MOV 
CCAPOL, 
A 
MOV A, 
iFULL 
BIT 
HIGH 
ADDC 
A, CCAPOH 
- 
MOV 
CCAPOH, 
A 
POP 
PSW 
POP ACC 
RETI 


Sampling 
data 
bits 
Shifts 
bits 
thru 
CY 
into 
ACC 
Save each 
reception 
in 
temporary 
register 
Update 
c/c 
register 
for 
next 
sample 
time 
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In addition, an error routine (Listing 3.3) is included for invalid start or stop bits to offer some protection against 
noise. If an error occurs, the module is re-initialized to look for another start bit. 


Listing 3.3 Error Routine for Receive Routine 


ERROR_O: 
MOV 
CCAPMO, 
tNEG_EDGE 


CLR 
RCV 
START 
BIT ° 
- 
-- 


Reset 
module 
to 
look 
for 
start 
bit 
Clear 
flags 
which 
might 
have 
been 
set 
POP 
PSW 
POP 
ACC 
RETI 
270531-8 
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Transmit 
Routine 


Another PCA module is configured as a software timer to interrupt the CPU every bit time. With each timer 
interrupt one or more bits can be transmitted through port pins. In the test program three channels were operated 
simultaneously, but in the listings below, one channel is shown for simplicity. The selection of port pins is user 
programmable. The flowchart for the transmit routine is given in Figure 2. 


Figure 2. Flowchart 
for the Transmit 
Routine 


When a byte is ready to be transmitted, the main program moves the data byte into the TXM_BUF 
register and sets 
the corresponding TXM__IN_PROGRESS 
bit. This bit informs the interrupt routine which channel is transmit- 
ting. The data byte is then moved in the storage register TXM_REG, 
and the TXM_COVNT 
is loaded. This main 
routine is shown in Listing 4.1. 


Listing 4.1 Transmit Set Up Routine. Channel O. 


Clear 
status 
flag 
from 
previous 
transmission 
Load 
"SBUF" 
with 
data 
byte 


TXM 
ON 
0: CLR 
TXM_START_BIT_O 


MOV 
TXM BUF 
0, DATA ° 
MOV 
TXM-REG-O, 
TXM BUF ° 
MOV 
TXM-COUNT 
0, tOg 
- 
SETB TXM_IN_PROGRESS_O 
8 data 
bits 
+ 1 stop bit 


270531-9 


2-358 


infel· 
AB-41 


Listing 4.2 shows the transmit interrupt 
routine. The first time through, the start bit is transmitted. 
As each 
successive interrupt outputs a bit, the contents of TXM_REG 
is shifted right one place into the Carry flag, and the 
TXM_COUNT 
is decremented. When TXM_COUNT 
equals zero, the stop bit is transmitted. 


Listing 4.2. Transmit Interrupt Routine 


TRANSMIT: 
PUSH 
ACC 
PUSH 
PSW 
CLR 
CCF3 


, 
TRANSMIT_O: 
JB TXM_START_BIT_O, 


CLR 
P3.2 


SETB 
TXM 
START 
BIT ° 
JMP 
TXM EXIT 
- 
- 


; Clear 
s/w timer 
interrupt 


; for transmitting 
bits 
TRANSMIT 
1 ; Check 
which 
channel 
is transmitting. 
; "TRANSMIT 
1" is listed 
in 


; the Appendix 


TXM BYTE ° ; 
If start bit 


has 
been 
sent, 
continue 


transmitting 
bits. 
Otherwise 
transmit 
start 


bit 
Signify 
start 
bit 
sent 


TXM BYTE_O: 
DJNZ 
TXM 
COUNT_O, 
TXM DATA ° ; 
If bit 
count 
, equals 
1 thru 
9, transmit 
data bits 
(8 total) 
, 
TXM_STOP_O: 
SETB P3.2 


CLR 
TXM 
IN PROGRESS ° 


JMP 
TXM EXIT 


TXM DATA 
0: MOV 
A, TXM REG ° 
- RRC A 
- 
MOV 
P3.2, 
C 
MOV 
TXM_REG_O, 
A 


TXM_EXIT: 
CLR 
C 
MOV A, 
'FULL_BIT 
LOW 
ADD 
A, 
CCAP3L 
MOV 
CCAP3L, 
A 
MOV A, 
tFULL 
BIT HIGH 
ADDC 
A, CCAP3H 
- 
MOV 
CCAP3H, 
A 
POP 
PSW 
POP ACC 
RETI 


When 
bit 
count 
= 0, 
transmit 
stop bit 
Indicate 
transmission 
is 
finished 
and 
ready 
for 
next 
byte 


Transmit 
one bit 
at a time 
through 
the 
carry 
bit 


Save what's 
not been 
sent 


Update 
compare 
value 
with 


Full 
bit 
time 
= 22CH 
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Conclusion 


The software routines in the Appendix can be altered to vary the baud rate and number of channels to fit a particular 
application. The number of channels which can be implemented is limited by the CPU time required to service the 
PCA interrupt. At higher baud rates, fewer channels can be run. 


The test program verifies the simultaneous operation of three half-duplex channels at 2400 Baud and the on-chip 
full-duplex channel at 9600 Baud. Thirty-three percent of the CPU time is required to operate all four channels. The 
test was run for several hours with no apparent malfunctions. 
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MCS-Sl 
!!ACRO ASSEIIBLER 


NII 
(1)o 


0000 
0008 
0010 


0001 
0009 
0011 


0002 
OOOA 
0012 


SIIPORT 
01/01/80 
PAGE 


005 
3.20 
(038-N) 
MCS-Sl 
!!ACRO ASSEIIBLER, 
V2.2 
OBJECT MODULE PLACED IN SIIPORT .OBJ 
ASSEllBLER 
INVOKED BY: 
C: \AEDIT\ASMSl.EXE 
SIIPORT.RCV 


toe 
OBJ 


0000 
0000 
02003' 


001B 
001B 
0202SC 


0023 
0023 
020282 


0033 
0033 
0200DC 


LINE 


1 
2 
3 
152 
153 
154 
155 
IS' 
157 
158 
159 
160 
161 
162 
163 
1'4 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
17' 
. 


177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 


SOURCE 


$NOMaDSl 
$NOSYIIBOLS 
$NOLIST 
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~~:"P~~i~u 
t!:~. 
c~~~n~!;';~: 
r:r;:~t~a 
tn'~~i~:~~e 
.~~i~~n~ft. 
2400 
Baud 
(1'~z). 
The 
on-chip 
serial 
fort 
i. 
also 
runninq 
full-duplex 
:h9~~r ~~t. 
~~H;~~::lr.rcent 
of 
he 
CPU ti •• 
i. 
required 
to 
run 


To test 
the 
receive 
routines, 
-dullllJY- terminals 
transmit 
00 - rr hex 


~~~:~I;rt~O 
o~~eir'ih.II~~:p;~Is~~r~~ 
~ml\~:C~iYedre 
i~at~e 
is 
increnented 
and the 
routine 
vaits 
to receive 
the nex~te. 
Error 
~iuI~n:~I~%lrdv:f!~~'bi~r~r 
3sr~~Sbtfr: ~~~:f!~~o,..,arison 
occurs 
; 


6RG DOH 
LJMP INITIALIZE 


6RG 001B8 
LJMP RECEIVE_DONE 


6RG 00238 
LJMP SERIAL_PORT 


Tier 
1 Overflow 
- 
sillUlatea 
'RI' 
interrupt 


Serial 
port 
interrupt 


PCA interrupt 
ORG 00338 
LJMP RECEIVE 


VARIABLES 
USED BY THE SOFTIIARE SERIAL 
PORT 


i 
RECEIVE 
ROUTINE: 
; ----------- 
kcv 
START BIT 
0 
RCV'"START"BIT'""l 
~CV:STARTJ!Ir::2 


RCV DONE 0 
RCVllONrl 
RCV'"OONE-2 


kCY-ON 
0- 
RCV'"Olrl 
RCV'"Olr2 
1-- 


20H.0 
218.0 
22H.O 


208.1 
218.1 
22H.l 


208.2 
21H.2 
22H.2 


Indicate. 
start 
-bit 
ha. 
been 
received 
BIT 
BIT 
BIT 


BIT 
BIT 
BIT 


BIT 
BIT 
BIT 


Indicates 
data 
byte 
ha. 
been 
received 


Used 
in 
main 
test 
proqram 
to 
check 
for 
a received 
byte 


» 
"1J 
"1J 
rn 
Zo- 
>< 


_.l 
• 


:.. 
qJ~..•. 


_. 


IICS-51 MACROASSEllBLtk 
SIIPOJIT 
01101180 
PAGE 
2 
I le[ 


LOC OBJ 
LI NE 
SOOJICE 
• 


0030 
In 
RCVBOF 0 
DATA 
30B 
I Software 
r4K:eive ·SBOF" 
0040 
200 
RCV"'BIJrI 
DATA 
408 
0050 
201 
RCV"lIDr2 
DATA 
508 
202 
I 
- 
- 
0031 
203 
Rev REG 0 
DATA 
31B 
I TeIIpC1rary register 
for 
0041 
204 
RCV"1IEG""I 
OATA 
418; 
receiving 
bits 
0051 
205 
RCV"1IEG""2 
DATA 
518 
206 
I 
- 
- 
~m 
m 
:g..gggrr~ 
gm 
m; 
Counter 
for 
receiving 
bits 


0052 
209 
RC'rCOtlN'r2 
DATA 
52" 
210 
I 
- 
- 
~8U 
m 
g=-~ 
gm 
m 
l g;~~s i&.l:;t 
r~';: 
to 
check 
0053 
213 
COtlN'r2 
DATA 
53B 
214 
I 
- 
0011 
215 
NEGEDGE 
Eoo 
118; 
Tvo ""des 
of operation 
for 
the 
0049 
H~ 
S_QIMER 
Eoo 
498 
I COIIIParelCapture 
IIOdules 


0015 
218 
hALF BIT LOll 
Eoo 
ISH; 
8alf 
bit 
ti•••• 1158 
ODDI 
219 
HALrlIlrBlGH 
Eoo 
018. 


002C 
220 
FULL'I"rL01I 
Eoo 
2CB; 
Full 
bit 
timo 
• 22CB 
0002 
221 
FULL'lrBIG8 
Eoo 
028 
222 
- 
- 
; 2400 Baud 
@ 16MB. 
223 
224 
225 


I\) 
I 
~~f : 
IMITIALIZATIONROOllTIIIE 
I I ~ 
o 
228 
• 
:=-==.................. 
ell 
~ 
229 
; 
• 
~ 
0036 15815F 
230 
INITIALIZE: 
IIOVSP, 
15F8 
I Initialize 
stack 
pointer 
~ 
231 
; 
(specific 
to 
the 
te.t 
proqru) 
0039 150900 
232 
INIT PCA: 
IIOVCHOD, 1008 
I Incr_nt 
PCA clock 
@ 1112 oee Freq 
003C 150BOO 
233 
- 
IIOVCCON, 1008 
; Clear 
all 
statu. 
flaqs 
003F 150All 
234 
IIOVCCAPMO,IKEG EDGE 
I Module 0 i. 
Neg-edge 
capture 
mode (PI. 31 
0042 150811 
235 
IIOVCCAPMI, lNEG""'£IlGE 
; Module 1" 
(PI. 4 
0045 15DCll 
~~~ 
I 
MaVCCAPM2,INEQDGE 
I Module 2" 
(P1.5 


0048 15E900 
23B 
IIOVCL, 10 OB 
0048 1SF900 
239 
IIOVCB, 1008 
~mm:OB 
m 
~~BI~ 
lOOBH 
: ~~;i~~i;b.n~~~e~nterruPt: 
EA,EC,ES,ETI 


. 
242 
I 
0053 159850 
243 
INIT SP: 
MOVSCONl 150B 
; Serial 
port 
in mode I 
(B-Bit 
DAIIT) 
0056 15CBFF 
244 
- 
IIOVRCAPlB, lOFFB 
I Reload 
values 
for 
9600 Baud 
@ 16 MB. 
0059 1SCACC 
245 
IIOVRCAP2L, lOCCH 
OOSC1SCB34 
246 
MOVT2CON, 1348 
I Ti"",r 
2 as a baud-rate 
generator, 
241 
; turn 
on ti ••••r 2 
248 
; 


OOSFC200 
249 
INIT FLAGS: 
CLR RCVSTARTBIT ° 
0061 C20B 
250 
- 
CLR RC'rSTARnIT-I 
0063 C210 
251 
CLR RC'rSTARrBl"r2 
252 
; 
- 
-- 
0065 C201 
253 
CLR RCV_DONE_O 
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HCS-51 MACROASSEMBLER 


I\) 
W 
Ol 
I\) 


OOAI 300209 
00A4 E530 
OOM 85331£ 
00A9 C202 
OOA! 0533 


OOAD300A09 
0080 
E540 
00B2 854319 
00B5 C20A 
00B7 0543 


00B9 3012E5 
OOBCE550 
OOBEB55314 


LOC 
OBJ 


0067 C209 
0069 C211 


006B C202 
0060 
C20A 
006F C212 


0011 
02B2 
0073 
0283 
0075 
02B4 


0077 
02B5 
0079 
0286 
0078 
0287 


0070 
753000 
0080 
754000 
0083 
755000 


0086 
753200 
0089 
754200 
008C 755200 


008F 
753100 
0092 
754100 
0095 
755100 


0098 
753300 
009B 754300 
009E 755300 


SWPORT 
01/01/80 
PAGE 


LINE 


254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 


SOURCE 


CLR Rev DONE I 
CLR RCV:00NE:2 


CLR Rev 011 0 
CLR RCV""Olrl 
CLR Rcv:o"=2 


Port 3 pins used in test 
program for error routines 


Main prO'Jra.: 
SETB P3.2 
SETB P3.3 
SETB P3.4 


Error In comparison 
on module 0 
Error in comparison 
on module 1 
Error in comparison 
on module 2 


Interrupt 
routines: 
SETB P3.5 
SETB P3.6 
SETB P3.7 


MOVRev BUF 0, 
.OOH 
HOVRcv-Burl, 
.OOH 
MOVRcv:aOr::2, 
.OOH 


HOV Rev COUNT0, 
.OOH 
MOVRCV""COOllrl, 
.0 OB 
MOVRCV:COONr:2, 
.OOH 


HOV Rev REG 0, 
.OOB 
MOVRCVIIEC-l, 
.OOB 
MOVRcv:REG:2, 
fOOH 


MOVCOUNT0, 
.OOH 
MOVCOUNrl, 
,OOH 
MOVCOUNr:2, 
.OOH 


Error 
in 
reception 
on module 
0 
Error 
in 
reception 
on module 
1 
Error 
in 
reception 
on module 
2 


MAIII TEST ROOTllIE - RECEIVE BITS 
, 
I 


tHECI_O: 


CHECI_l : 


JNB Rev 011 0, 
CHECK 1 


~~AA,Rro'm:-lI~ 
~ORO 
CLR Rev 011 0 - 
INC COUNT_lI 


~ 
~;V Rg}ibF CrECK_2 


CJIIE A, COUNTr, 
ERRORI 
CLR Rev 011 1 - 
IIIC CODNT_T 


JNB Rev ON 2, 
CHECK 0 
MOVA Rcv-BUF 2 
- 
CJIIE A. COUNT_2, 
£RROR2 


::~~~~~~:T 
~~~t!n~:~!Iv~~eg~~e. 
e~~~ 
MY~~r~~n~e;:i~~tn 
i~h;' 
.~g~~~ed 
register 


tHECK_2: 
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MCS-51 "",CRO ASSEMBLER 
SWPORT 


LOC 
OBJ 
LINE 
SOURCE 


OOCI C212 
309 
00C3 0553 
310 
00C5 
8001. 
311 
312 
taRORO: 
00C7 C2B2' 
313 
00C9 
7501.00 
314 
OOCC 800r 
315 
316 
~RRORI: 
OOCE C2B3 
317 
0000 
75OBOO 
318 
0003 
80E4 
319 
320 
i:RROR2: 
0005 
C2B4 
321 
0007 
75DCOO 
322 
OOOAaOC5 
323 
324 
; 
325 
; 
326 
, 
327 
I 
328 
I 
329 
kECEIVE: 
OODCCOEO 
330 
OOoE COOO 
331 
332 
OOEO 200811 
333 
00E3 
200908 
334 
00E6 
200M8 
335 


I 


00E9 
0000 
336 
I\) 
OOES OOEO 
337 
c'.l 
OOEo 32 
338 
en 
339 
bUMP I: 
U) 
OOEE 02016C 
340 
OOFI 020lE4 
341 
JUHP-2: 
342 
- 


34J 
344 
345 
346 
347 
~oULE_O: 
00F4 
C208 
348 
00F6 
E50A 
349 
OOF8 547F 
350 
OOFA B41115 
351 
352 
OOFO C3 
353 
OOFE 7415 
354 
0100 
25EA 
355 
0102 
F5EA 
356 
0104 
7401 
357 
0106 
35FA 
358 
0108 
F5FA 
359 
0101. 750A49 
360 
361 
0100 
0000 
362 
OIOF OOEO 
363 


CLR RCV OH 2 
INC COURT 'Z 
JHP CHEC~O 


CLR P3.2 
~ g~~~~1 
lOOH 


CLR P3.3 
HOV CCAP"I. 
lOOH 
JHP CHECK_, 


CLR P3.4 
HOV CCAPH2 
6 
lOOH 
JHP CHECK_ 


01/01/80 
PAGE 


Error in comparison 
on module 0 
Discontinue 
receiving 
bytes 


Error 
in 
compar iscn 
on oodule 
I 


I Error in comparison 
on lIOdule 2 


PCA INTERRUPT ROUNTINE - RECEIVE BITS 


PUSH ACC 
PUSH PSW 


JB CCFO, MODULE0 
JB CCFI, 
JUMP 1- 
JB CCF2, 
JUHP-2 
POP PSW 
- 


POP ACC 
RETI 


LJHP HOOULE I 
LJHP HOOULE:2 


CHANNEL0 


CLR cere 
MOVA, 
CCAPMO 
ANL A, 
1011111118 
CJNE A, 
INEG_EDGE, RCV_START_O 


CLR C 
HOV A, 
IHALF BIT LOll 
~e~cA~~~Of - 
HOVAi. IHALr BIT HIGH 
~geccci.P~~~~u 
- 
HOV CCAPHO, IS_W_TIMER 


POP PSII 
POP ACe 


Check 
which 
module 
caused 
PCA interrupt 
and 
jump 
to 
appropriate 
routine 


~~;~rt,~~~e 
o~t""'~~~!e~ 
If 
set 
up 
to 
receive 
negative 
edges, 
then 
module 
is 
waiting 
for 
a start 
bit 


O~te 
Compare/Capture 
registers 
for 
half 
a bit 
time 


~~l~a~r~e 
t~~r~ 
mu 


Reconfigure 
module 
0 as 
a software timer to sample bits 


270531-14 
I 


--cC 
• 


» 
ID 
I.co...•. 
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SWPORT 
01/01/80 
PAGE 
5 
I Il 
LOC 
OBJ 
LINE 
SOURCE 
• 


0111 
32 
364 
RETI 
365 
RCV START 0: 
0112 
B4494B 
366 
CJNE A, 
IS_M_TIMER, ERROR_O 
Check 
module 
is 
conf1gured 
361 
- 
- 
as a software 
timer, 
otherwise 
error. 


0115 
20001A 
368 
JB RCV_START_BIT_O, RCV_BYTE_O 
Check 
if 
start 
bit 
369 
has been received 
yet 
0118 
209345 
310 
JB P1.3, 
ERROR_O 
Check 
that 
start 
bit· 
0, 
311 
otherwise 
error. 
011B 0200 
312 
SETB RCV_START_BIT_O 
Signify 
valid 
start 
bit 
373 
vas received 
0110 
153209 
314 
MOVRCV_COUNT_O, 109H 
Start 
counting 
bi to 
sampled 
315 
; 
0120 
C3 
376 
CLR C 
; Update cte registers 
to sample 
0121 
142C 
371 
MOVA, 
'FULL BIT LOll 
; imm~~~~t~. zzc» 
0123 
25EA 
378 
~e~h~ij~Of 
- 
0125 F5EA 
379 
0121 
1402 
380 
~g~AA 'mM IT_HIGH 
0129 
35FA 
381 
012B F5FA 
382 
MOVCcAPOH, A 
0120 
0000 
383 
POP PSW 
012F 
OOEO 
384 
POP ACC 
0131 
32 
385 
RETI 
386 
kcv BrT£ 0: 
0132 
053212 
381 
OJNZ RCV_COUNT_O,RCV_OATA_O 
; On 9th 
sample, 
check 
for 
388 
- 
- 
; valid 
stop 
bit 
0135 
309328 
389 
RCV STOP 0: 
~~ 
~Ev3Bu~~?RR~ 
REG 0 
0138 
853130 
390 
- 
- 
~if:; ~~i~~v:!d~r;e 
r!gei~;di:eb;~:uF· 
013B 0201 
391 
SETB RCV OORE 0 
- 
- 


I 
I 


»>- 
I\) 


I 


0130 
028F 
392 
S£TB TFl- 
- 
; Generate 
an interrupt 
so main proqram 
~ 
393 
;~~m: 
a s~r~~tr~~ 
~e~Ffe~:i:~gitrary) 
CD 
ID 
394 
.~ 


"'" 
013F 
750All 
395 
MOVCCAPMO, 'N£G EDGE 
; Reconfiqure lIOdule 0 for next 
...•. 
0142 
0000 
396 
POP PSiI 
- 
; reception of a start 
btt 
0144 
00£0 
391 
POP ACC 
0146 
32 
398 
RET! 
399 
RCV DATA 0: 
0141 A293 
400 
MOVC, 
P1.3 
; mW~rt~af~r~~~~ 
er 
into 
ACC 
0149 
£531 
401 
- 
- 
~~ 
~, 
RCV_REG_O 
OI4B 13 
402 
OI4C F531 
403 
MOVRCV_REG_O, A 
J 
Save 
each 
reception 
in 
temporary 
404 
; register 
014E C3 
405 
CLR C 
014F 
142C 
406 
MOVA, 
'FULL BIT LOll 
; Update 
C(C register 
for 
next 
0151 
25EA 
401 
~e~wCij~POf 
- 
; sample tune 
0153 
F5EA 
408 
0155 
1402 
409 
MOVA, 'FuLL BIT HIGH 
0151 
35FA 
410 
AODCA, CCAPOH - 
- 


0159 F5FA 
411 
MOVCCAPOH, A 
015B 0000 
412 
POP PSII 
0150 
OOEO 
413 
POP ACC 
015F 
32 
414 
RET! 
415 
ERROR 0: 
0160 
C2B5 
416 
CLR P3.5 
; Error routine 
for invalid 
start 
or 
411 
- 
; stop bit er invalid 
mode comparison 


270531-15 


_. 
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MCS-51 
MACRO ASSEHBLER 
SWPORT 
01/01180 
PAGE 
6 
I 
I et 


LOC 
08J 
LINE 
SOORCE 
I 
I 
• 


418 
; 
Port 
pin 
used 
for 
debug 
only 
m~m~ll 
m 
~ 
~gP~gAR~N~¥:l8"E 
; ~!!:~ 
m~!\~~C~~g~~\:;:r~e~~tset 
~mg~~~. 
m 
~~~~f -- 
0168 
32 
423 
RETI 
424 
425 
426 
CHANNEL 1 
427 
, 
--------- 


016C 
C209 
H~ 
MODULE I: 
CLR CCFI 
; 
Similar 
to 
module 
0 
016E 
E50B 
430 
- 
HOV A, 
CCAPMI 
. 
~m 
mrl5 
m 
mlA, 
'~i~n~, 
Rev 
START I 
433 
; 
- 
-- 
0175 
C3 
434 
CLR C 
0176 
7415 
435 
MOV A, 
'HALF 
BIT 
LOW 
~mm~ 
m 
~e~b.mpI~- 
017C 
7401 
438 
MOV A, 
'HALF 
BIT 
HIGH 
m~m: 
m 
~ecc~APi~~IH 
- 
0182 
750B49 
441 
MOV CCAPHI, 
'S 
11 TIMER 
0185 
DODO 
442 
POP PSII 
- 
- 
0187 
OOEO 
443 
POP ACC 
0189 
32 
444 
RETI 


I}> I' 
018A 
B4494B 
::~ 
Rev 
START I: 
CJNE 
A, 
'S 
11 TIMER, 
ERROR I 
I I ~ 
c.:> 
0180 
20081A 
447 
- 
- 
JB 
Rev 
STARTIIIT 
I, 
Rev 
BYTE 1 
':" 
* 
0190 
209445 
m; 
JB 
P1.l, 
ERROR_I- 
- 
- 
~ 


0193 
0208 
450 
SETB Rev 
START BIT 
I 
0195 
754209 
451 
MOV RCV COUNT T, 
'0'9H 


452 
; 
- 
- 


0198 
C3 
453 
CLR C 
0199 
742C 
454 
HOV A, 
'FULL 
BIT 
LOll 
~m~~~~ 
m 
~z~cJi~l~- 
019F 
7402 
457 
HOV AA 'FuLL 
BIT 
HIGH 
m~m: 
m 
~ZCCCAP~~lH 
- 
0lA5 
DODO 
460 
POP PSII 
0lA7 
OOEO 
461 
POP ACC 
0lA9 
32 
462 
RETI 
463 
• 
OIM 
054212 
464 
RCV BYTE I: 
DJNZ Rev 
COUNT I, 
Rev 
DATA I 
465 
• 
- 
- 
- 
- 
-- 
OIAO 309428 
466 
Rev 
STOP I: 
JNB P1.4, 
ERROR 1 


OIBO 854140 
467 
- 
- 
MOV RCV BUF I, 
Rev 
REG I 
0lB3 
0209 
468 
SETB RCV DORE I 
- 
- 


0185 
028F 
469 
SETB TFl- 
- 


0lB7 
750B11 
470 
HOV CCAPHI, 
INEG EDGE 
OIBA 0000 
471 
POP PSW 
- 


OIBC 00&0 
472 
POP ACC 


270531-16 
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:::J 
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MACROASSEMBLER 
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01/01/80 
PAGE 
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1 I;: 
LOC 
OBJ 
LINE 
SOURCE 


OIBE 32 
413 
RETI 
414 
~CV DATA 1: 
OIBF 1.294 
415 
MOVC, P1.4 
m~B41 
416 
- 
- 
:~ 
~, 
RCV_REG_I 
411 
0lC4 
F541 
418 
MOVRCV_REG_I, A 
419 
; 
eics 
C3 
480 
CLR C 
01C1 
142C 
481 
MOVA, 
'FULL BIT LOll 
0lC9 
25EB 
482 
~ge~rrlf 
- 
OICB F5EB 
483 
OICD 1402 
484 
MOVAA 'FuLL 
BIT HIGH 
OICF 35FB 
485 
ADDC 
,CCAPIH 
- 
0101 
F5FB 
486 
MaV CCAPIR, 
A 
0103 
DODO 
481 
POP PSI! 
0105 
DOEO 
488 
POP ACC 
0107 
32 
489 
RETI 
490 
~RROR 1: 
0108 
C2B6 
491 
CLK P3.6 
0101. 150BI1 
492 
- 
MaV CCAP!!I, 
INEG EDGE 
0100 
C208 
493 
CLR RCV START BIT 1 
OIOF DODO 
494 
POP PSII'" 
- 
- 
OIEI 
OOEO 
495 
POP ACC 
0lE3 
32 
496 
RETI 
491 
498 
499 
I\) 
I 


500 
. ; 
CHANNEL2 


I 
I 


~ 
Q 
501 
; 
--------- 
502 
; 
aJ 
Cl 
503 
iroDULE 2: 


I 
Cl 
0lE4 
C20A 
504 
CLR CCF2 
; 
Sillilar 
to module 
0 
~ 


0lE6 
E5DC 
SOS 
- 
MOVA, 
CCAPM2 
...• 


0lE8 
541F 
506 
ANL A, 
101111111B 
OlEA B41115 
501 
CJIIE A, 
'NEG_EDGE, RCV_START_2 
508 
; 
OlEO C3 
509 
CLR C 
OIEE 7415 
510 
MaV A, 
IHALF BIT LOll 
OIFO 25EC 
511 
ADD A, 
CCAP2t 
- 
01r2 
F5EC 
512 
MOVCCAP2L, A 
0lF4 
1401 
513 
MOVA, 
'HALF BIT HIGH 
0lF6 
35FC 
514 
AODCA, 
CCAP2& 
- 
0lF8 
F5FC 
515 
MaV CCAP2H, A 
OIFA 150cn 
516 
ro~~~~PM2, 
'S_"_TIMER 
OIFO DODO 
511 
OIFF DOEO 
518 
POP ACC 
0201 
32 
519 
RETI 
520 
RCV START 2: 
0202 
B4494B 
521 
CJNE A, 
IS 11 TIMER, 
ERROR 2 
0205 
2010lA 
522 
- 
- 
JB RCV START-BIT 2, 
RCY BYTE 2 
0208 
209545 
523 
JB P1.5, 
ERROR_2- 
-- 


524 
; 


020B 0210 
525 
SETB RCV START BIT 2 
0200 
155209 
526 
MaY RCV}:OUNT_2, 
tu9H 
521 


270531-17 


IICS-51 
MACROASSEHBLER 


I\) 
Wm'" 


025C COEO 
025E COOO 
0260 
C28F 


LOC 
08J 


0210 
C3 
0211 
742C 
0213 
25EC 
0215 
F5EC 
0217 
7402" 


0219 
35FC 
0218 
F5FC 
0210 
0000 
021F 
OOEO 
0221 
32 


0222 
055212 


0225 
309528 
0228 
855150 
0228 
0211 
0220 
028F 
022F 
75OC11 
0232 
0000 
0234 
OOEO 
0236 
32 


0237 
1.295 
0239 
E551 
0238 
13 


023C F551 
023E C3 
023F 
742C 
0241 
25EC 
0243 
F5EC 
0245 
7402 
0247 
35FC 
0249 
F5FC 
0248 
0000 
0240 
oOEO 
024F 
32 


0250 
C287 
0252 
750Cll 
0255 
C210 
0257 
0000 
0259 
OOEO 
025B 32 


SNPORT 


LINE 


528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
543 
544 
545 
546 
547 
548 
549 
550 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 
562 
563 
564 
565 
566 
567 
568 
569 
570 
511 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 


SOURCE 


I 
RCV BYTE 2: 
I 
- 
- 
RCV_STOP_2: 


kv_oATA_2: 


EAAOR_2: 


01/01/80 
PAGE 


CLR C 
MOVA, 
'FULL BIT LON 
~~~w~r'2f- 
MOVAA 'FULL BIT 8IGH 
~~ 
CCJ.p~~~H 
- 
POP PSII 
POP ACC 
RETI 


oJlZ 
RCV_COUNT_2, RCV_OATA_2 


JNB PI. 5, 
ERROR 2 
MOVRCV 8UF 2, 
RCV REG 2 
SETB RCV OO"E 2 
- 
- 


SETB TFl- 
- 
MOVCCAPII2, 
'NEG 
EDGE 
POP PSli 
- 
POP ACC 
RETI 


MOVC, P1.5 
~~ 
~, 
RCV_REG_2 
~J~CV_REG_2, A 


MOVA, 
'FULL BIT LOll 
~~~w~2f - 


MOV AA 'FULL BIT HIGH 
:.gf ceArW.~H 
- 
POP PSII 
POP Ace 
!lETI 


CLR p3.7 
rJ ~~~i.JJN~1lF 
POP PS"- 
-- 


POP Ace 
!lETI 
I,; 
I; This routine 
siaJlates 
the -RI- interrupt. 
Whena byte is 
received 
on one 


; of the channela, 
this 
interrupt 
is qenerated. 
Bits 
are set 
so the lIiIin 
; routine 
knows wn1ch channel received 
a byte. 
; 


fu:CElVE DONE: 
POSH Ace 


- 
POSH PSII 
CLR TFl 


270531-18 
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_. 
cC 
• 


):. 
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MCS-51 IlACRO ASSEMBLER 


I\)~m 
(J) 
0282 
COEO 
0284 
CODO 
0286 
30980B 
0289 
E599 
028B C298 
0280 
F599 
028F 
0000 
0291 
OOEO 
0293 
32 


0294 
C299 
0296 
0000 
0298 
OOEO 
029A 32 


LOC 
OBJ 


583 
584 
585 
586 
581 
588 
589 
590 
591 
592 
593 
594 
595 
596 
591 
598 
599 
600 
601 
602 
603 
604 
605 
606 
601 
608 
609 
610 
611 
612 
613 
614 
615 
616 
611 
618 
619 
620 
621 
622 
623 
624 
625 
626 
621 
628 


REGISTER BANK(5) 
USED: 0 


ASSEMBLYCOMPLETE, NO ERRORS FOUND 


0262 
300106 
0265 
C20l 
0261 
C200 
0269 
0202. 


026B 
300906 
026E 
C209 
0210 
C208 
0212 
020A 


0214 
301106 
0211 
C2ll 
0219 
C210 
021B 0212 


0210 
DODO 
021F 
OOEO 
0281 
32 


SWPORT 


LINE 
SOURCE 


JNB RCV DONE 0, 
RCV 1 
CLR Rev-DONE-O 
- 
CLR Rev-START BIT 0 
SETB RCV_ON_O- 
- 


JNB RCV DONE 1, 
RCV 2 
CLR RCV-DONE-l 
- 
CLR RCV-START BIT 
1 
SETB RCV_ON_1- 
- 


JNB RCV DONE 2, 
RETURN 
CLR Rev-DONE-2 
CLR Rev-START BIT 2 
SETB RCV_ON_2- 
- 


POP PSN 
POP ACC 
RETI 


SERIAL PORT INTERRUPT 


PUSH ACC 
POSH PSW 
JNB RI, 
rXM 
~X ~~SBUF 


MOV SBUF, A 
POP PSW 
POP ACC 
RETI 


CLR TI 
POP PSW 
POP Ace 
RETI 


01/01/80 
PAGE 


Check 
which 
rodu1e 
received 
a byte 
Clear 
flag. 
needed 
for 
next 
reception 


r Tell 
main 
routine 
which 
channel 
received 
; a byte 


I 


!ERIAL]ORT: 


When a byte 
is received 
on the 
full-duplex 
serial 
port, 
it 
is then 
transmitted 
back 
to 
a ·du ••••y· 
ternrlnal. 
This 
terminal 
checks 
that 
the 
byte 
it 
trans.itted 
to 
the 
PCA is the 
same 
value 
it 
receives 
back. 


RCV_1: 


RCV_2: 


bTURN: 


TxM: 


I 
END 


Check 
whether 
RI or 
TI 
caused 
the 
interrupt 


270531-19 


_.et 


~ 
'P 
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IQl>m 
<0 


0003 
OOOB 
0013 


0004 
OOOC 
0014 


0034 
0044 
0054 


0035 
0045 
0055 


0036 
0046 
0056 


0031 
0041 


MCS-51 MACROASSEMBLER 
SWPORT 
01/01/80 
PAGE 


DOS 3.20 
(038-N) 
MCS-51 MACROASSEMBLER, V2.2 
OBJECT MODULEPLACED IN SWPORT.OBJ 
ASSEMBLER INVOKED BY: 
C: lAEDITIASM51.EXE 
SWPORT.TR 


LOC 
OBJ 


0000 
0000 
020036 


0023 
0023 '02014B 


0033 
0033 
020000 


W~ 
~ 
3 
1~ 
1~ 
1~le 
lY 
151 
158 
159 
1~ 
161 
1~In 
1~le 
166 
161 
168 
169 
110 
111 
172 
113 
1~ 
115 
IH 
111 
IH 
IH 
180 
181 
1~ 
183 
184 
185 
186 
181 
188 
1" 
190 
191 
1~ 
1~ 
1~ 
195 
196 
In 
1» 


SOURCE 
t 


NOHOD51 
NOSYMBOLS 
NOLIST 


i~ifnf~i~a~e 
t~g;s d~:tt~~~~=~is;f~~~n~~e 
f~~m~~~es~!t~:~ea~:rt~id~~r~fore 
the 
peA timer is started. 
Successive 
interrupts 
are generated 
every bit 
time 
by the 
soft •• re 
timer. 


~g~a!~:t 
t~~~f~:!:' 
r;~:ie:t~h;;:n~;~;~e~n~n~I:~~~S 
t~!O~y~~St~sFih~~)C' 
are incremented. 


Serial 
port interrupt 


peA software 
tiller 
interrupt 


VARIABLES USED BY THE SOFTIIARE SERIAL PORT 


BIT 
20H.3 
; Indicates 
start 
bit 
has been 
BIT 
218.3 
; transmitted 
BIT 
22H.3 


BIT 
20H.4 
; Indicates 
transmit 
is 
in pC09ress 
BIT 
21H.4 
BIT 
22H.4 


DATA 
34H 
; Software 
transmit 
·SBUF· 
DATA 
448 
DATA 
548 


DATA 
35H 
: i~:rs~!~li~;9~f~:r 
for 
DATA 
458 
DATA 
558 


DATA 
36H 
; Counter for transmitting 
bits 
DATA 
46H 
DATA 
568 


DATA 
318 
; Register 
used for the test 
DATA 
418 
; prO<JraOl 
270531-20 


ORG DOH 
LJHP INIT 
TXM 


bRG 0023H- 
LJHP SERIAL_PORT 


bRG 0033H 
LJHP TRANSMIT 
, 
II, 


fXM START BIT 0 
TXlrSTARTlllrl 
:X,,=STARr::Blr::2 


TxM IN 
PROGRESS 0 
TXlrltrPROGRESS-1 
:X"= I IryROGRESS:2 


TxM BUF 0 
TXJrBUF-l 
:X,,=BUF:2 


TxM REG 0 
TXlrREG-1 
:~G:2 


TxM COUNT 0 
TXlrCOUNT-l 
:X,,=COUNT:2 


DATA 0 
DATA:1 


11 


--er 
• 


~rp.. 
..•. 


MCS-51 MACROASSEMBLER 
SWPORT 


LOC OBJ 
LINE 
SOURCE 


0051 
199 
OATA_2 
200 
5 W TIMER 
0049 
201 
202 
- - 


002C 
203 
FULL BIT LOW 
0002 
204 
FULL:BIT:H IGH 
205 
206 
201 
; 
208 
, 
209 
INIT_TXM: 
0036 
15815F 
210 
211 
0039 
150900 
212 
003C 
150800 
213 
003F 15F900 
214 
0042 
15E900 
215 
0045 
150049 
216 
211 
0048 
15A808 
218 
219 
004B 159850 
220 
INIT 
SP: 


004E 15CBFF 
221 
- 


I\) 
I 


0051 15CACC 
222 
0054 
1SC834 
223 
lJ 
224 
....• 
225 
iNIT 
FLAGS: 
0 
0051 C203 
226 
0059 C20B 
221 
- 


005B C213 
228 
229 
0050 C204 
230 
005F C20C 
231 
0061 C214 
232 
233 
0063 
153400 
234 
0066 
154400 
235 
0069 
155400 
236 
231 
006C 153500 
238 
006F 154500 
239 
oe72 
155500 
240 
241 
0015 
153600 
242 
0018 
154600 
243 
0018 
155600 
244 
245 
001E 1531FF 
246 
0081 
1541FF 
241 
0084 
1551FF 
248 
249 
0081 
15E02C 
250 
008A 15F002 
251 
0080 020E 
252 
253 


DATA 


EQU 


EOU 
EOU 


INITIALIZATION 


HOVSP, 
,5FH 


HOVCHOO, ,OOH 


:~ 
g~~Nio~~OH 
HOVCL, 
.OOH 
HOVCCAPM3, 'S_W_TlMER 


HOV lE, 
.008H 


:~ 
~g~~H~5~~FFH 
HOVRCAP2L, .OCCH 
HOVT2CON, 134H 


CLR TXMSTART BIT ° 
CLR TXIf"STARTIlIT-I 
CLR TX"=STARr:&Ir:2 


CLR TXMIN PROGRESS0 
CLR TXIf"IN-PROGRESS-I 
CLR T~lryROGRESS:2 


HOV TIM BUF 0, 
.OOH 
HOVTXIf"BUF-I, 
,OOH 
HOVT~BUr:2, 
,OOH 


HOVTXMREG 0, 
.OOH 
HOVTXIf"REC-I, 
.OOH 
HOVT~2, 
.OOH 


HOVTXMCOUNT0, 
,OOH 
HOVTXIf"COU~I, 
.OOH 
HOVT~COUNr:2, 
.OOH 


HOVDATA0, 
.OFFH 
HOVDATA-I, 
.OFFH 
HOVDATA:2, 
.OFFH 


HOVCCAP3L, .2CH 
HOVCCAP3H, ,02H 
SETB CR 


01/01/80 
PAGE 


.51H 


49H 


2CH 
02H 


Software 
timer 
mode for 
the 


~~ITab!~C~f~r~~g~le 
2400 
Baud at 
16 MHz 


270531-21 


(Compatible 
with 
receive 
routines) 


tncresent 
PCA timer 
@ 1112 osc , 
freq. 
Clear 
all 
statu. 
flags 


Module 3 configured 
as software 
timer 


Initialize 
all 
needed interrupts 


Serial 
port 
in mode I 
(8-bit 
UART) 


Reload 
values 
for 
9600 Baud 
@ 16 MHz 


Timer 2 as a baud-rate generator, 
turn 
Timer 
2 on 


Cause the first 
software timer to 


interrupt 
one bit tilDe after 


peA ti.er 
is started 


_.er 
• 


~m.".-" 


MCS-51 MACROASSEMBLER 
SWPORT 


LOC 
OBJ 
LINE 
SOURCE 


254 
255 
256 
251 
FIRST_TXM: 
008F 
020090 
258 
259 
MAIN_TXM: 
0092 
300408 
260 
0095 
300CI6 
261 
0098 
301424 
262 
009B 80F5 
263 
264 
; 
265 
TxM ON 0: 
0090 
C203 
266 
009F 
0531 
261 
- - 


OOAI 853134 
268 
OOM 853435 
269 
00A1 153609 
210 
OOM 0204 
211 
OOAC80E4 
212 
213 


TxM ON I: 
OOAEC20B 
214 
OOBIt 0541 
215 
- - 


00B2 854144 
216 
I\) 
I 


00B5 854445 
211 
c.:, 
00B8 154609 
218 
OOBB020C 
219 
=:! 
OOBO8003 
280 
281 


fxM ON 2: 
OOBF C213 
282 
OOCI 0551 
283 
- - 


00C3 855154 
284 
00C6 855455 
285 
00C9 155609 
286 
once 0214 
281 
OOCE 80C2 
288 
289 
290 
291 
292 
293 
fRANSMIT: 
0000 
COEO 
294 
0002 
COOO 
295 
0004 
C20B 
296 
0006 
30041E 
291 
298 
299 
300 
301 
302 
0009 
200301 
303 
TRANSMIT_O: 
304 
OODCC2B2 
305 
OOOE0203 
306 
OOEO0200F1 
301 
308 


01/01/80 
PAGE 


MAIN TEST ROUTINE - TRANSMIT BITS 


JMP TXM_ON_O 


JNB TXM IN PROGRESS 0, 
TXMON 0 
Determine 
if 
ready 
to 
send 
JNB TXtrINt>ROGRESS-I, 
TXtrO"1 
next 
byte. 
(Le. 
transmit 
JNB TXtrINt>ROGRESS-2, 
TxtrO,,2 
"not" 
an pro~ressl 
JMP MAIII"_TXM 
- 
- 
- 
Waiting 
for 
TI" 
flag 


CLR TXM START BIT 0 
INC OATlI 0 
- 
- 


MOV'rXM BUF 0, 
DATA0 
MOVTXtrREC;-O, 
TXMBUF 0 
MOVTXtrCOUIIT 0, 
109H - 


SETB TXJI IN PROGRESS0 
JMP MAIN::TXII 
- 


CLR TXMSTART BIT I 
INC OATlI I 
- 
- 
MOVTIM BUF I, 
DATAI 
MOVTXtrREG-I, 
TIM BUF I 
IIOV TXtrCOUIIT I, 
InH 
- 


SETB TXII IN PROGRESS I 
JMP MAlryXII 
- 


CLR TXMSTART BIT 2 
INC OATlI 2 
- 
- 
MOVTXMBUF 2, 
DATA2 
IIOV TXtrREC;-2, 
TIM BUF 2 


~~B T~fRc~rM{;J~~6 
2- 
JMP MAIryXJI 
- 


f!:~~mf!:?o~rom 
previous 
Load 
"SBUF" with 
data 
byte 


8 data 
bits 
t I stop 
bit 


PCA INTERRUPT ROUTINE - TRANSMIT BITS 


PUSH ACC 
PUSH PSI! 
CLR CCF3 
; Clear 
s/w 
ti ••• r 
interrupt 
JN8 TIM IN PROGRESS 0, TRANSMIT I 
; Check 
which 
channel 
is 
- 
- 
- 
- 
transmitting 


CHANNEL0 


J8 
TXM_START_BIT_0, 
TXM_BYTE_ 0 


CLR P3.2 
SETB TXM START BIT 0 
JMP TRANSMIT_I- 
- 


If 
start 
bit 
has 
been 
sent, 
continue 
transmitting 
data bits, 
otherwise 
transmit start 
bit 
Signify 
start 
bit 
sent 
Check 
next 
t ranslli 
t 
pin 


270531-22 
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LOC 
OBJ 
LINE 


00E3 
053607 
309 
310 
00E6 02B2 
311 
00E8 C204 
312 
313 
OOEl 0200F7 
314 
315 
OOEOE535 
316 
OOEF 13 
317 
OOFO 92B2 
318 
00F2 F535 
319 
00F4 0200n 
320 
321 
322 
323 
324 
oon 
300CIE 
325 
OOFA 200B07 
326 
OOFO C2B3 
321 
OOFF 020B 
328 
0101 
020118 
329 
330 
0104 
054601 
331 


I\) 
I 


332 
0101 
02B3 
333 
c., 
0109 
C20C 
334 
~ 
OIOB 020118 
335 
I\) 
336 
OIOE E545 
331 
0110 
13 
338 
Olll 
92B3 
339 
0113 
F545 
340 
ens 
020118 
341 
342 
343 
344 
345 
0118 
30141E 
346 
OllB 
201301 
341 
OllE 
C2B4 
348 
0120 
0213 
349 
0122 
020139 
350 
351 
0125 
D55601 
352 
353 
0128 
D2B4 
354 
012A C214 
355 
012C 020139 
356 
357 
OI2F E555 
358 
0131 
13 
359 
0132 
92B4 
360 
0134 
F555 
361 
0136 
020139 
362 
363 


SWPORT 


SOURCE 


TXM_BYTE_O: 


TXH_STOP_O: 


fxM_DATA_O: 


fRANSMIT_I: 


TxM_BYTE_I: 


fxM_STOP_I: 


TxM_DATA_I: 


fRANSMIT_2: 


!XM_BYTE_2: 


TxM_STOP_2: 


TxM_DATA_2: 


DJNZ TXM_COUNT_O,TXM_DATA_O 


SETB P3.2 
CLR TXH_IN]ROGRESS_O 


JMP TRANSMIT_I 


IIOV A, TXMREG 0 
RRC A 
-- 
IIOV P3.2, 
C 
~ i~M~YT~l 
A 


CHANNELI 


JNB TXM IN PROGRESS I, 
TRANSMIT 2 
~R T~~:-3TART_BIT_I, 
"TXH_BYTE_I 
- 


SETB TXM START BIT I 
JMP TRAllSMIT_2- 
- 


DJNZ TXH_COUNT_I, TXH_DATA_I 


SETB P3.3 
CLR TXM IN PROGRESS 1 
JMP TRANSMIT_2 
- 


MaV A, TXH REG I 
RRC A 
-- 


IIOV P3.3, 
C 
~~~bA 


CHANNEL2 


::B T~MSfMR~~~~xl~EX~T 
; 
CLR P3:-4 
- 
- 
- 
- 
SETB TXH START BIT 2 
JMP TXH_EXIT 
- 
- 


DJNZ TXH_COUNT_2, TXH_DATA_2 


SETB P3.4 
CLR TXH IN PROGRESS 2 
JMP TXJQ:XlT 
- 


IIOV A, TXMREG 2 
RRCA 
-- 
MaV P3.4, 
C 
IIOV TXMREG 2, 
A 
JMP TXIO=XI1 


01/01/80 
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If bit 
count 
equals 
1 thru 9, 
Transmit 
data 
ijits 
(8 total) 
Whenbit 
count· 
Of transmit 
stop 
bit 
Indicate 
transmisslon 
is 
f Lni shed and 
t~:~r 
~~!tn~~;n~~i~ 
pin 


Transmit one bit 
at a time 
through 
the 
carry 
bit 


Save what 
I s not 
been 
sent 
Check next 
transmit 
pin 


Similar 
to 
TRANSMIT_ 0 


Si.ilar 
to 
TRANSMIT_0 


270531-23 


--er 
• 


~ 
ID 
I.•....•. 


I\)c,., 
-..j 
(,) 


ASSEMBLYCOMPLETE, NO ERRORS FOUND 


MCS-51 MACROASSEMBLER 


LINE 


364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
314 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 
397 
398 
399 
400 


REGISTER BANK(S) USED: 0 


LOC 
OBJ 


0139 
C3 
013A 142C 
013C 25EO 
013E F5EO 
0140 
1402 
0142 
35FO 
0144 
F5FD 
0146 
DODO 
0148 
OOEO 
014A 32 


014B COEO 
0140 
CODO 
014F 
30980B 
0152 
E599 
0154 
C298 
0156 
F599 
0158 
DODO 
015A 00EO 
015C 32 


0150 C299 
015F 
DODO 
0161 
OOEO 
0163 
32 


SWPORT 


SOURCE 


TXH_EX[T: 
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PAGE 


CLR C 
HeV A, 
'FULL 8[T 
LOW 
~~ ~I:S~~3~- 
HeV A, 
'FULL 8[T 
H[GH 
ADDCA, CCAPlH 
- 
HeV CCAP3H, A 
POP PSN 
POP ACC 
RET[ 


~~tgi~o~:!e 
=vH~~ 
with 


SER[AL PORT INTERRUPT 


,, 


~ERIAL_PORT: 


~~:~s~~l~ 
6!c~e~~i!e~d~::" 
t~e t!~~l~:~~le~h~:r~:~.r.~~' 
c~;c~: ~C:~ 
the 
byte 
it 
transmitted 
to 
lhe 
PCA is 
the 
sa"'" 
value 
it 
receives 
back. 


PUSH ACC 
PUSH PSN 
JliB RI, 
TXH 
HeY A, S8UF 
CLR RI 
HeY SBUF, A 
POP PSN 
POP ACC 
RETI 


CLR T[ 
POP PSN 
POP ACC 
RETI 


Check 
whether 
RI or 
TI 
caused the inter rupt 


TXH: 


; 


END 
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This application brief describes how to use the new fea- 
tures of the 87CSIGB. Since the examples are written 
in assembly language, it is assumed that the user is fa- 
miliar with ASMSl and the MCSSl family of micro- 
controllers. For more information refer to the 8-bit Em- 
bedded Controller Handbook. 


INTRODUCTION 


The 87CSIGB is a highly integrated 8-bit microcontrol- 
ler based on the MCS-Sl architecture. Its key features 
include two programmable counter arrays (PCAs), a 
hardware watchdog timer, an analog-to-digital convert- 
er 
and 
a serial 
expansion 
port. 
In 
addition, 
the 
87CSIGB has three timer/counters, 
an enhanced serial 
port, two power saving modes and 8 Kbytes of on-chip 
program memory. 


This application 
brief will explain how to use the 
watchdog timer, the analog-to-digital converter and the 
serial expansion port. Since each of the programmable 
counter arrays is identical to the PCA of the 83CSIFX, 
refer to application note AP-41S "83CSIFA/FB 
PCA 
Cookbook" for information on using the PCAs. 


HARDWARE 
WATCHDOG 
TIMER 


The hardware watchdog timer is designed to protect an 
application 
from 
software 
upset 
by 
resetting 
the 
87CSIGB if it is not serviced periodically. The timer 
runs whenever the oscillator is running. This implies 
two things. First, it cannot be accidentally shut off so it 
is a true safeguard against software disturbance. Sec- 
ond, it must be serviced even during software develop- 
ment and debugging stages. 


The timer is a 14-bit counter which resets the device if 
it reaches a count of 16383 (3FFFH). The counter is 
incremented every machine cycle. It is reset by writing 
the sequence "lEH EIH" to the WatchDog Timer Re- 
SeT (WDTRST) special function register located at ad- 
dress OA6. This is a write-only register; a user cannot 
read the contents of the timer. 


The watchdog timer does not run while the 87CSIGB 
is in powerdown mode since the oscillator stops. It 
does, however, operate in idle mode. It will reset the 
part (and bring it out of idle mode) unless the processor 
is periodically "woken up" to service the WDT. 


Note that if you use an interrupt to exit powerdown, 
the watchdog timer will not resume running until the 
interrupt pin is pulled high. This prevents the WDT 
from resetting the part while the oscillator is stabiliz- 
ing. It is suggested that the WDT be reset during the 
interrupt service routine for the interrupt used to exit 
powerdown. 


To get the full benefit of the WDT feature, the user's 
code should reset the timer during main-program exe- 
cution, NOT during a timer's interrupt service routine. 
The reason is that interrupts may still be serviced even 
though the remaining software is not running correctly. 


Listing 1 shows how to use timer 0 to service the WDT 
every 16000 cycles. This code is NOT recommended 
for those who wish to use the WDT feature. It is useful 
for servicing the WDT while the 87CSIGB is in idle 
mode. It's also good for getting the WDT "out of the 
way" during code development. 


2-376 


infel· 
AB-44 


;************************************************************ 


Timer 0 Interrupt 
Service Routine 


This routine 
resets the Watchdog 
timer and reset timer 
o so that it will overflow 
16000 cycles later 
ORG OOBh 
CLR 
TRO 
stop timer 0 


MOV 
MOV 
WDTCON, 
#lEH 
WDTCON, 
#OEIH 
clear WDT 


MOV 
MOV 
SETB TRO 
RETI 


TLO, #7FH 
THO, #OCIH 
set to overflow 
in 16000 
cycles: FFFF-3ESO = OC17F 
restart timer 0 


;************************************************************ 
Timer 0 initialization 
routine 


This routine 
sets up timer 
cycles so that the WDT is 
Timer _O_Ini t : 
SETB EA 
SETB ETO 


o to interrupt 
after 16000 
periodically 
serviced. 


; enable Timer 0 interrupt 


MOV TMOD, #Olh 
MOV TLO, #7FH 
MOV THO, #OCOH 


SETB TRO 
RET 


put timer 0 in 16-bit mode 
set to overflow 
in 16000 
cycles 


start the timer 


Listing 1. Using Timer 0 to Service the WOT 
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__________ 
•• ____ 
•• _ •.••_. 
__ 
••_;, 
•••••••••••••••••••••••• 
~ ••••,. 
",,,,,,,...,lv"VII 
VI 
Cl "VI 
IYOI O':)IVI I "'Y"'IO', 
111'='\:It:JI~ 
dll 
interrupt 
if interrupt 
is enabled. 
Must be cleared 
by software. 


ACE 
AID C0NVERTER ENABLE BIT: When set, the converter 
is operational. 
When cleared, 
no 
conversions 
occur. 
. 


ACS1 
AID CONVERTER SELECT BITS: Used in Select mode to chose which analog channel 
will be 
ACSO 
converted 
four times. 


AIM 
ANALOG INPUT MODE BIT: When set, Select mode is activated. 
When cleared, 
scan mode is 
activated. 


ATM 
ANALOG TRIGGER MODE BIT: When cleared, AID conversions 
are triggered 
internally 
and 
occur whenever 
ACE = 1. When set, AID conversions 
begin on the falling edge of the TRIGIN 
pin. 


NOTE: 
·User software should not write 1s to reserved bits. These bits may be used in future 8051 family products to invoke new 
features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. The value read from a 
reserved bit is indeterminate. 


Table 2. AID Result Registers 


Analog Input 
Result 
Result Reg. 
Channel 
Register 
Address 


0 
ADO 
084H 


1 
AD1 
094H 


2 
AD2 
OA4H 


3 
AD3 
OB4H 


4 
AD4 
OC4H 


5 
AD5 
OD4H 


6 
AD6 
OE4H 


7 
AD7 
OF4H 
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AID Comparison 
Feature 


The 
eight 
analog 
input 
channels 
are automatically 
compared 
to the voltage 
on the COMPREF 
pin as they 
are 
converted. 
The bit values in SFR ACMP 
(fable 
3) indicate 
whether 
the voltage 
on an analog 
channel 
is greater 
or 
less than 
COMPREF. 
The greater 
than/less 
than 
comparison 
is faster than one done in software. 
This feature 
also 
allows the eight analog 
input 
channels 
to be used as a variable-threshold 
input 
port. 


Note that ACMP 
is set up differently 
than other 
SFRs. 
The most significant 
bit of ACMP 
corresponds 
to the result 
of the comparison 
between 
channel 
0 and ACMP. 
The least significant 
bit of ACMP 
contains 
the result for channel 
7. 


Table 3. AID Comparison 
Result Register 


ACMP 
Address = OC7H 
Reset Value = 0000 OOOOB 
Not Bit Addressable 


CMPO I CMP1 I CMP2 
CMP3 
CMP4 
CMP5 
CMP6 
CMP7 


Bit: 
7 
6 
5 
4 
3 
2 
1 
0 


Symbol 
Function 


CMPX 
Comparison Result bit for analog channel X. If set, the voltage at analog input 
channel X is greater than that on the COMPREF pin. If cleared, the voltage at 
the input channel is less than COMPREF. 
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AID Modes of Operation 
Table 4. AID Select Mode 


Four different modes of operation are available with the 
C5IGB's AID converter. The ATM bit (ACON.O) de- 
termines the trigger mode. If ATM is cleared, trigger- 
ing is internal. Conversions begin as soon as the ACE 
(ACON.4) bit is set. Conversion cycles continue until 
ACE is cleared. 


If ATM is set, conversions start when ACE is set and a 
falling edge is detected at the TRIGIN pin. In this ex- 
ternal mode, the converter stops after all eight channels 
are converted even if the ACE bit is still set. 


The AIM bit (ACON.2) selects between two input 
modes, scan mode and select mode. Clearing AIM 
places the C5lGB 
in Scan mode. In Scan mode the 


analog 
conversions 
occur 
in the 
sequence 
ACHO, 


ACHl, 
ACH2, ACH3, ACH4, ACH5, ACH6, and 
ACH7. The result of each conversion is put in the cor- 
responding analog result register: ADO, ADl, 
AD2, 


AD3, AD4, AD5, AD6, and AD7. 


Setting AIM activates Select mode. In Select mode, one 
of the lower 4 analog inputs (ACHO-ACH3) 
is con- 


verted four times. After the first four conversions are 
complete, the cycle continues with AC4 through AC7. 
The results of the first four conversions are placed in 
the lower four result registers (ADO through AD3). 
The rest of the conversion results are put in their 
matching result registers. ACSO and ACSI determine 
which analog input is converted four times as shown in 
Table 4. Using the Select mode does not decrease the 
time for a conversion cycle but does allow for more 
frequent conversion of a single channel. 


ACS1, ACSO 
Analog Channel 
Converted Four Times 


0,0 
ACHO 


0,1 
ACH1 


1.° 
ACH2 


1,2 
ACH3 


AID Interrupt 


The AIF bit (ACON.5) is set following the conversion 
of channel 7. If the user has enabled the AID interrupt 
by setting the EAD bit (IEA.7) and the EA bit (IE.7), 
the AIF bit flags the interrupt. This bit must be cleared 
by software. The AID interrupt vector address is 3BH. 


AID Converter Examples 


Figure I shows a simple analog input circuit. This cir- 
cuit provides protection against overvoltage and reduc- 
es sensitivity to noise. For more examples of analog 
input circuits as well as tips on getting more resolution 
from an AID converter, see Application Note AP-406, 
"MCS-96 Analog Acquisition Primer" (Order Number 
270365-001). 


Listing 2 shows how to use the PCA to stop the AID 
converter after a single channel conversion. 


270 
Analog 
------+-.....JWIr-"""1~_t 
ACHX 
Input 
-~ 
~~ 
0.005).'F =;:: 


ANGND -~ 
270957-1 


Figure 1. AID Input Circuit 
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;************************************************************ 


PCA interrupt service routine 


ORG 0033h 
ANL 
CLR 
JMP 


ACON, 
#lllOllllb 
CR 
service_A2D 


stop AID 
stop PCA counter 


.************************************************************ 
, 


Initialization Routine 


This r.outinesets up the PCA counter 0 so that it 
will interrupt and turn off the AID 
converter 
after one channel has been converted. At 12 MHz, 
one channel conversion takes 26 microseconds. 


Init: 
SETB EA 
MOV CMOD, #1 
allow interrupts to be enabled 
allow PCA counter flag to 


generate an interrupt 


SETB EC 
enable PCA interrupt 


MOV CH, #Offh 
MOV CL, #OE5h 
set up PCA counter to interrupt 
after 1 AID 
channel 'has been 
converted: FFFFh-1Ah 
= 
FFE5h 
At 12 MHz, 1 channel conversion 
takes 26 
(lAH) microseconds) 


SETB CR 
ORL ACON, #OOOlOOOOb 
RET 


start PCA counter 
start AID 


Listing 2. Single Channel AID 
Conversion 
Using PCA Counter 
0 
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Closed Loop Control with the 
AID and PCA 


Many applications require that a controller be able to 
monitor the effects of its output and adjust to changing 
conditions. The 87C51GB can provide this closed loop 
control. The Pulse Width Modulator mode of the PCA 
can be used to generate an analog voltage while the 
AID converter can be used to receive the feedback 
from an analog system. 


Figure 2 shows a simple system which can be used to 
provide a constant current to a variable load. The cur- 
rent through the load (RYAI0 is equal to: 


iLoad = ([R2/(R1 
+ R2)) 
• Vccl IRREF. 


The system works by adjusting the duty cycle at the 
PCA module 0 output pin so that the voltage at analog 
channel 0 is equal to the voltage on the COMPREF 
pin. 


Listing 3 is the software that monitors the analog input 
pin and adjusts the PWM duty cycle accordingly. Tim- 
er 0 is used to service the WDT every 16000 cycles. The 
AID converter's digital results are never actually used. 
Only the result of the automatic comparison between 
analog channel 0 and COMPREF is needed. The AID 
converter runs continuously. 


There is an inherent trade off between adjustment speed 
and accuracy in the system. If the "Delay" routine is 
short, the system will adjust quickly to changes in load 
resistance but the current through the load will have a 
large margin of error. Lengthening the "Delay" routine 
increases both accuracy and response time. 


Ycc 
COhilPREF' 
AVREf 


vss 


AVss 
- 
- 
87C51GB 
2.2hi1Il. 


CEXO 


RESET 


lJJ.F'I 
- 
- 
XTAL2 
XTAL 1 
ACHO 


RVAR 


270957-2 


Figure 2. System for Closed 
Loop Control 
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Closed Loop Control 
Code 
.************************************************************ 
, 


This code can be used to provide 
a constant 
current to a 
variable 
load. PCA module 
0 is used in PWM mode to provide 
an analog 
input voltage 
to the load. Analog 
Channel 0 receives 
feedback 
from the system • 
.************************************************************ 
, 


PWMCNT 
equ 
R2 
; duty cycle count for the PWM 


Timer 0 interrupt 
service 
routine 
-- used to service the WDT 


setup timerO to service the 
WDT 
start with duty cycle = 0.4% 


initialize 
PCA module 
0 to PWM 
mode 


start AID 
wait 
30 ~sec 
for 1 
channel 
conversion 


;**** Main program 
loop: continuously 
checks the results 
; of continuous 
comparisons 
between 
analog 
channel 0 and 


; the COMPREF pin. 
Main_loop: 


ORG OOOh 
JMP 
start 


ORG OOBh 
JMP 


ORG OlOOh 


start: 
CALL 
TIMO_init 


MOV 
PWMCNT, 
#OFFH 


MOV 
PI, #OFFh 
CALL 
PCA_init 


CALL 
,Delay 


MOV 
RO, #15 
ORL 
ACON, #OOOlOOOOb 
DJNZ 
RO, $ 


MOV 
A, ACMP 
JNB 
ACC.7, Deer 


INC 
PWMCNT 


JMP 
Over 
Deer: 
DEC 
PWMCNT 


Over: 
MOV 
CCAPOH, PWMCNT 


read channel 0 result 
If ACHO> COMPREF then we 
increment 
the PWM count 
to decrease 
the PWM duty 
cycle 


If ACHO<COMPREF 
then we 
decrement 
the PWM count 
to increase 
the PWM duty 
cycle. 


Load new duty cycle 
into PWM 


Listing 3. Closed 
Loop Control 
Using the PWM and the AID 
Converter 
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CALL 
Delay 
Give the New duty cycle some 


settling 
time 
JMP 
Main_loop 


CALL 
Delay 
Give the New duty cycle some 


settling time 
JMP 
Main_loop 


;***** PCA initialization 
routine 


PCA_init: 
MOV 
MOV 
MOV 
SETB CR 
RET 


;***** Timer 
TIMO_init: 
MOV 
MOV 


SETB 
SETB 


MOV 
MOV 
MOV 


SETB 
RET 


.***** Timer 0 
, 
TIMO_ISR: 
CLR 


MOV 
MOV 


MOV 
MOV 
SETB 
RETI 


;****** Delay Routine 


CMOD, #Oh 
CCAPMO, #42h 
CCAPOH, PWMCNT 


PWM frequency = Fosc/12 
Put PCA module 
0 into PWM mode 
Initialize 
duty cycle 
Start the PCA clock 


o initialization 
routine 


WDTCON, 
#lEH 
WDTCON, 
#OE1H 


EA 
ETO 


TMOD, #03lh 
TLO, #7FH 
THO, #OCOh 


TRO 


service the WDT 


enable Timer 0 interrupt 


put timer 0 in l6-bit mode 
set to overflow 
in 16000 
cycles 


start the timer 


interrupt 
service routine 


TRO 


WDTCON, 
#lEH 
WDTCON, 
#OE1H 


TLO, #7FH 
THO, #OCOh 
TRO 


stop timer 


service the WDT 


set to overflow 
in 16000 
cycles 
restart the timer 


This routine 
is used to give the new PCA duty cycle time to 
take effect. 
The length of this delay routine determines 
the 
accuracy 
and response 
time of the system. 


Delay: 
MOV 
MOV 


delay_loop: 
DJNZ 
DJNZ 
RET 


END 


Listing 3. Closed 
Loop Control 
Using the PWM and the AID Converter 
(Continued) 


Rl, #OFFh 
R3, #OFFh 


Rl, $ 
R3, delay_loop 
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SERIAL 
EXPANSION 
PORT 
and whether the data is sampled/output 
on the rising 
or falling 
edge of the clock. 
Four different 
data rates 
are possible: Osc Freq/12, 
Osc Freq/24, 
Osc Freq/48 
or Osc Freq/96. 
The 87C51GB has a half-duplex, 
synchronous serial ex- 
pansion port in addition 
to the standard UART 
of the 
MCS-51 family. The on-chip UART 
can be used as an 
inter-processor 
link while the SEP interfaces to periph- 
erals. 


Data transfers with 
the SEP consist of eight data bits 
on pin 4.1 and eight clock bits on pin 4.0. The user can 
select whether the idle state of the clock is high or low 


Three new special function 
registers have been added to 
support the SEP. SEPCON 
(Table 5) is used to select 
the clock's phase and polarity, 
to choose the baud rate, 
to enable reception 
and to enable the SEP. Data 
is 
transferred 
through 
the SEPDA T A 
register 
(address 
OE7h). SEPSTAT 
(Table 6) contains error bits and the 
interrupt 
flag. 


Table 5. SEP Control 
Register 


SEPCON 
Address 
= OD7H 
Reset Value = XXOO OOOOB 
Not Bit Addressable 
I 
SEPE 
SEPREN 
CLKPOL 
CLKPH 
SEPS1 
SEPSO,- 
Bit: 
7 
6 
5 
4 
3 
2 
1 
0 


Symbol 
Function 
- 
Not implemented, 
reserved 
for future use.· 
t: 


SEPE 
SEP ENABLE 
BIT: Must be set to enable any SEP operations. 


SEPREN 
SEP RECEIVE 
ENABLE 
BIT: After SEPREN 
is set, the clock pulses eight times to clock in 
received 
data. SEPREN is cleared 
by hardware 
after eight bits have been received. 


CLKPOL 
CLOCK POLARITY 
BIT: If cleared, the idle state of the clock pin is low. If set, the idle state of 
the clock pin is high. 


CLKPH 
CLOCK PHASE BIT: When cleared, the C51 GB samples 
data on the first phase edge of the 
clock and transfers 
data on the second phase edge of the clock (i.e., if CLKPOL 
= 0, data is 
sampled 
on the rising edge of the clock and transferred 
on the falling edge). When CLKPH is 
set, data is sampled 
on the second phase edge and transferred 
on the first edge. 


SEPS1 
SEP SPEED SELECT 
BITS: Used to select the data rate of the SEP according 
to the following 
SEPSO 
table: 


SEPS1 
SEPSO 
Data Rate 


0 
0 
Fosc/12 


0 
1 
Fosc/24 


1 
0 
Fosc/48 


1 
1 
Fosc/96 


NOTE: 
'User software should not write 1s to reserved bits. These bits may be used in future 8051 family products to invoke new 
features. In that case, the reset or inactive value of the new bit will be 0, and its active value will be 1. The value read from a 
reserved bit is indeterminate. 
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Table 
6. $EP Status 
Register 


SEPSTAT 
Reset Value = XXXX XOOOB 
Address = OF7H 
Not Bit Addressable 


'--- 
__ 
1 
----''--_--'-- 
__ 
7 
6 


SEPFRD 


1 


SEPIF 
o 


SEPFWR 


2 
Bit: 
5 
4 
3 


Symbol 
Function 
- 
Not implemented, 
Reserved 
for future use.' 


SEPFWR 
SEP FAULT 
WRITE 
BIT: Set if an attempt 
is made to read or write the 
SEPDAT A register or write the SEPCON 
register while a transmission 
is in 
progress. 
Must be cleared 
in software. 


SEPFRD 
SEP FAULT 
READ BIT: Set if an attempt 
is made to read or write the 
SEPDAT A register or write the SEPCON 
register while a reception 
is in 
progress. 
Must be cleared 
in software. 


SEPIF 
SEP INTERRUPT 
FLAG: Set by hardware 
when a transmission 
or reception 
is 
complete. 
Flags an interrupt 
if one is enabled. 
Must be cleared 
by software. 


NOTE: 
'User 
software 
should 
not write 
1s to reserved 
bits. These 
bits may be used in future 
8051 
family 
products 
to invoke 
new 
features. 
In that case, the reset or inactive 
value of the new bit will be 0, and its active value will be 1. The value 
read from 
a 


reserved 
bit is indeterminate. 
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Prior to any SEP data transfers, the user should initial- 
ize the clock phase, polarity and rate. If SEPE = I, 
transmission occurs when a byte is moved into the SEP- 
DATA register. The data is shifted out MSB first. 


Receptions are initiated by setting the SEPREN (SEP- 
CON.4) and SEPE (SEPCON.5) bits. Once the SEP- 
REN bit is set, the clock pin pulses eight times. Note 
that the 87C51GB always drives its own clock pin. 
Data is received MSB first. 


If the user attempts to read or write the SEPDA TA 
register or write to the SEPCON register while the SEP 
is transmitting 
or receiving, an error bit is set. The 
SEPFWR bit is set if the action occurred while the SEP 
was transmitting. The SEPFRD bit is set if the action 
was attempted while the SEP was receiving. There is no 
interrupt associated with these bits. The bits remain set 
until cleared by software. The attempted read or write 
is ignored and the reception or transmission in progress 
is not affected. 


SEP Example 


This example shows how to interface an 87C51GB to a 
Xicor 2444 using the C51GB's serial expansion port. 


The Xicor 2444 is a 256-bit serial EEPROM overlaid 
with a static RAM. The memory is configured as 16 
words of 16 bits each. Data can be transferred between 
the RAM and EEPROM either through software com- 
mands or hardware interrupts. This example deals only 
with software commands. 


Figure 3 shows the hardware connections between the 
C51GB and the 2444. In this example Port 4.2 will be 
used as the chip enable signal for the EEPROM. The 
Data In and Data Out lines of the 2444 are tied togeth- 
er and tied to the SEPIO pin of the C51GB. 


Xlcor 
vcc 


2444 


87C51GB 
P4.2 
CE 
vcc - 


P4.0/SEPCLK 
SK 
RECALL -- 
I 


01 
STORE- 


P4.1/SEPIO 
DO 
Yss !:L- 


270957-3 


FIgure 3. 87C51GB-Xicor 
2444 Interface 


Listing 4 shows the constant and variable declarations 
and the code needed for initialization. The SEP is set 
for a data rate equal to Fosc/12. It is assumed that the 
C51GB is operating at or below 12 MHz since the max- 
imum clock rate of the 2444 is I MHz. 


Listing 4 also shows how to enable or disable the SEP 
interrupt. For this example, the interrupt is disabled. 


Use the code of Listing 5 to send a byte from the 
C51GB to the 2444. The byte sent could be either a 
software command or half of a data word. This code 
polls the SEPIF bit to determine when a transmission is 
complete. Remember to service the Watchdog timer pe- 
riodically. 


2-387 


infel· 
AB-44 


the line tied to 
the 2444's chip enable 


8XC5lGB Serial Expansion Port 
Special Function Registers 
SEPCON 
equ 
OD7h 
SEPDAT 
equ 
OE7h 
SEPSTAT 
equ 
OF7h 
lEA 
equ 
OA7h 
P4 
equ 
OCOh 
P5 
equ 
OF8h 
SEPIO 
bit 
P4.l 
WDTCON 
equ 
OA6h 


disables writes & stores 
Store RAM data in EEPROM 
Put 2444 to sleep 
Write data into RAM 
Enable writes & stores 
Recall EEPROM data into RAM 
Read data from RAM 


4-bit address 


SEP interrupt service routine 
clear SEP interrupt flag 


ChipEn 
bit 
P4.2 


;Xicor 2444 instruction set 
WRDS 
equ 
lOOOOOOOB 
STO 
equ 
lOOOOOOlB 
SLEEP 
equ 
lOOOOOlOB 
WRITE 
equ 
lOOOOOllB 
WREN 
equ 
lOOOOlOOB 
RCL 
equ 
lOOOOlOlB 
READ 
equ 
lOOOOlllB 


;error codes 
no_match_error 
read_error_code 
time_out_code 
write_error_code 


equ lOOOB 
equ OlOOB 
equ OOlOB 
equ OOOlB 


Variables 
Command 
Address 
Datal 
Data2 
DataByte 


DATA 30h 
DATA 3lh 
DATA 32h 
DATA 33h 
DATA 34h 


error_flag 
BIT 20h.O 
time_out_error 
BIT 20h.l 


ORG OOh 
LJMP Start 


ORG 04Bh 
ANL 
SEPSTATE, #OFEh 
RETI 


Listing 4. Initializing the 87C51GB 
to Interface 
to a Xlcor 2444 
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CALL 
CLR 
CLR 
CLR 


Clear_dog 
time_out_error 
error_flag 
ChipEn 


service the watchdog timer 
Start: 


MOV 
SEPDAT, #0 
MOV 
SEPCON, #OOlOOOOOB 
SEPE=l, 
SEP enabled 
SEPREN=O, reception disabled 
CLKPOL=O, Clock signal is return-to-zero 
CLKPH=O, Data sampled on rising clock edge 
SEPSl=O, SEPSO=O, Data rate = Fosc/12 


if the SEP interrupt is to be used it is set up as follows: 
SETB 
EA 
ORL 
lE, #lh 
otherwise, disable the interrupt: 
ANL 
lEA, #OFEh 


Listing 4. Initializing the 87C51GB 
to Interface 
to a Xlcor 2444 (Continued) 
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Send_byte 
routine: 
Sends the byte in the accumulator 
out over the SEP. 


Sets the bit 
'error_flag' in the event of an error. 


send_byte: 
PUSH 
ACC 


ANL 
MOV 
CALL 


- SEPCON, #lllOllllB 
SEPDAT, A 
wait_loop 


; disable reception 
initiate transmission 
wait for SEP to signal 
"done" 


MOV 
ANL 
JNZ 


A, SEPSTAT 
A, #7 
write_error 


check for transmit 
errors 
mask upper bits of SEPSTAT 


POP 
ACC 
RET 


write_error: 
SETB error_flag 
POP ACC 
RET 


signal that an error occurred 


Wait_loop 
routine; 
Used to wait while the SEP transmits 
or receives data. 
The maximum wait time is approximately 
2.3 msec. 
If the SEPIF is not set within this time, an error is 
generated. 
wait_loop: 
PUSH 
CALL 
CLR 
MOV 


ACC 
Clear_dog 
time_out_error 
R5, #OFFh 


service the WDT 


set up for time-out 


loop: 
MOV A, SEPSTAT 
ANL, A, #1 
CALL Clear_dog 
JNZ out_of_loop 
DJNZ R5, loop 


wait for SEPIF=l 


service the WDT 


SETB error_flag 
SETB time_out_error 
out_of_loop: 
ANL SEPSTAT, #OFEH 
POP ACC 
RET 


SEPIF was not set before time 
out 


clear SEPIF 


Listing 5. Sencl-byte 
Routine 
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Listing 6 contains code to send a data word from the 
C51GB to the 2444. Bits 3 through 6 of the Write com- 
mand specify the address where the 2444 will store the 
data. Two data bytes are sent using the "sendLbyte" 
routine of Listing 5. 


2. The 2444 responds by placing the MSB of the data 
word on its Data Out line. This occurs on the fall- 
ing edge of the last "read command" clock pulse. 


3. The 2444 clocks out the rest of the data bits on the 
rising edge of SEPCLK. 


A "Read_data" 
routine is given in Listing 7. A read 
operation on the Xicor 2444 works as follows: 
1. A read command 
is sent to the 2444. Bits 3 
through 6 of the read command specify the ad- 
dress to be read. 


This is shown in Figure 4. Note that the first bit of data 
is truncated. Listing 7 handles this truncation by read- 
ing the first bit of each data byte separately from the 
others. 


Send_data Routine: 
Sends the data in 'datal' and 'data2' to the address 
at 'address'. 
Calls 
'send_byte' to do the actual transmission. 
Vectors 
'to error_handling' 
in the event of an error. 
Send_data: 
PUSH 
ACC 


ANL 
A, address 
RL 
A 
RL 
A 
RL 
A 
put address 
in bits 3-6 
ORL 
A, #WRITE 
set up write command 


SETB 
ChipEN 
CALL 
send_byte 
; send write 
command & address 
JBC 
error_flag, 
error_handling 


MOV 
A, Datal 
; send 1st data byte 
CALL 
send_byte 
JBC 
error_flag, 
error_handling 


MOV 
A, Data2 
; send 2nd data byte 
CALL 
send_byte 
JBC 
error_flag, 
error_handling 


CLR 
ChipEN 
POP 
ACC 
RET 


Listing 6. Routine 
to Send a Data Word to the 2444 
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ACC 
A, address 
A 
A 
A 
A, #READ 


Read_data Routine: 
Reads the 2444 at address 
'address' and stores it in 
'datal' and 
'data2' 
Calls 'send_byte' to send the read command/address. 
Vectors to 'error_handling' 
in the event of an error. 


Because the Xicor 2444 'chops' the MSB of the data word by 
clocking it out on the falling edge of the address LSB clock, 
the SEP is set to read data on the falling edge of the clock. 
The MSB of each data byte must therefore be read before 
reception is enabled. 


put address in bits 3-6 
set up read command 


C, SEPIO 
; read MSB 
SEPCON, #OOOOlOOOB 
SEPCON, #OOOlOOOOB 
wait_loop 


of 1st data byte 
clock polarity high 
enable reception 
wait for SEPIF=l 
(see Listing 5) 


SETB 
ChipEN 
CALL 
send_byte; 
send read command/address 
JBC 
error_flag, 
error_handling 


MOV 
A, SEPSTAT 
check for read error 
ANL 
A, #7 
;mask off upper bits 
JNZ 
_error_handling 
JBC 
error_flag, 
error_handling 


Read_data: 
PUSH 
MOV 
RL 
RL 
RL 
ORL 


MOV 
ORL 
ORL 
CALL 


MOV 
RR 
MOV 
MOV 


MOV 
ORL 
CALL 


MOV 
ANL 
JNZ 
JBC 


MOV 
RR 
MOV 
MOV 


ANL 
CLR 
POP 
RET 


A, SEPDAT 
A 
ACC.7, C 
datal, A 


rotate out erroneous bit 0 
copy previously 
read MSB 


C, SEPIO 
; read MSB of 2nd data byte 
SEPCON, #OOOlOOOOB 
enable reception 
wait_loop 
wait for SEPIF = 1 


A, SEPSTAT 
A, 
#7 
error_handling 
error_flag, error_handling 


check for read error 
mask off upper bits of 


A, SEPDAT 
A 
ACC.7, C 
data2, A 


rotate out erroneous bit 0 
'copy previously read MSB 


SEPCON, #llllOlllB 
ChipEN 
ACC 


clock polarity low 


Listing 7. Read Data Routine 
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Figure 4. Read Operation 
Timings: 
SEP-Xlcor 
2444 System 


Appendix A contains a complete program which in- 
cludes the code in listings 4-7. 
This program either 
writes or compares the value on port 3 to all locations 
in the Xicor 2444. A switch on Port 1.0 is used to 


select between reading and writing. Appendix B is the 
schematic for the complete system associated with the 
program in Appendix A. 
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APPENDIX 
A 
COMPLETE 
CODE FOR 87C51GB 
TO XICOR 244 INTERFACE 
PROGRAM 


.************************************************************ 
, 


This file contains ASM5l code to use the 8XC51GB with a 
Xicor 2444 Nonvolatile 
Static RAM. The code initializes 
the 8XC51GB's 
Serial Expansion 
Port for a clock rate of 
1 MHz 
(assuming a crystal frequency 
of 12 MHz). This code 
does not use the SEP interrupt but contains the framework 
to do so if desired. 


If the switch connected 
to Pl.O is ·off", the program will 
read the data in the 2444 and compare it to the data on 
port 3. If all the data match, the value at port 3 will 
be displayed 
on the LED bank. If a mis-match 
occurs, the 
LED bank will flash the incorrect bits. 


If the switch connected to Pl.O is "on", the program will 
write the value on port 3 to all the data locations 
in the 2444. 


8XC51GB 
Serial Expansion 
Port 
SEPCON 
SEPDAT 
SEPSTAT 
lEA 
P4 
P5 
SEPIO 
WDTCON 


Special Function Registers 
equ 
OD7h 
equ 
OE7h 
equ 
OF7h 
equ 
OA7h 
equ 
OCOh 
equ 
OF8h 
bit 
P4.l 
equ 
OA6h 


ChipEn 
bit 
P4.2 
the line tied to 
the 2444's 
chip enable 


Rd_Wr 
bit 
Pl.O 
read/write 
switch 


;Xicor 2444 instruction 
set 
WRDS 
equ 
lOOOOOOOB 
;disables writes & stores 
STO 
equ 
lOOOOOOlB 
;Store RAM data in EEPROM 
SLEEP 
equ 
lOOOOOlOB 
;Put 2444 to sleep 
WRITE 
equ 
lOOOOOllB 
;Write data into RAM 
WREN 
equ 
lOOOOlOOB 
;Enable writes & stores 
RCL . 
equ 
lOOOOlOlB 
;Recall EEPROM data into RAM 
READ 
equ 
lOOOOlllB 
;Read data from RAM 


;error codes 
no_mat ch_error 
equ lOOOB 
read_error_code 
equ OlOOB 
time_out_code 
equ OOlOB 
write_error_code 
equ OOOlB 
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Variables 
Command 
Address 
Datal 
Data2 
DataByte 


DATA 
30h 
DATA 
31h 
DATA 
32h 
DATA 
33h 
DATA 
34h 


4-bit address 


error_flag 
time_out_error 
BIT 
BIT 
20h.0 
20h.l 
ORG OOh 
LJMP 
Start 


ORG 04Bh 
SEP interrupt service routine 
ANL 
SEPSTAT, #OFEh 
RETI 
clear SEP interrupt flag 


Start: 
CALL 
Clear_dog 
MOV 
DataByte, P3 
service the watchdog timer 
read value on port 3 


CLR 
time_out_error 
CLR 
error_flag 
CLR 
ChipEn 


MOV 
MOV 
SEPDAT, 
SEPCON, 
#0 
#OOlOOOOOB 
SEPE::l, 
SEPREN=O, 
CLKPOL::O, 
CLKPH=O, 
SEPSl=O, 


SEP enabled 
reception disabled 
Clock signal is return-to-zero 
Data sampled on rising clock edge 
SEPSO=O, Data rate = Fosc/12 


if the SEP interrupt 
SETB 
ORL 
otherwise, disable the 
ANL 


is to be used it is set up as follows: 
EA 
lEA, #lh 
interrupt: 


lEA, #OFEh 


;******************* 
PUT MAIN PROGRAM HERE ******************** 
Call one of three routines to interface to Xicor 2444: 
1) send_command: 
sends the byte located in the 
variable 
'command'. The 2444 instruction 
set is 
defined above. 
2) read_data: reads 16 bits from the address in location 
'address' and leaves the data in 'datal' and 'data2' 
3) send_data: sends the data in 'datal' and 'data2' to 
the address in 'address' 


CALL 
JB 
Clear_dog 
Rd_Wr, Do_read 
service the WDT 
check read/write switch 


IIOV 
CALL 
CALL 


command, #WREN 
Send_command 
long_wait 


enable writing to the 2444 


MOV 
A, #0 
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CALL 


MOV 
MOV 
MOV 
CALL 
INC 
CJNE 
MOV 
CALL 
CALL 


MOV 


Clear_dog 


datal, DataByte 
data2, DataByte 
address, A 
Send_data 
A 
A, #lOh, write_loop 
command, #STO 
send_command 
long_wait 


P2, DataByte 


CALL 
Clear_dog 
JMP 
end_write 


MOV 
CALL 
CALL 


MOV 
CALL 
CALL 


command, #WRDS 
send_command 
long_wait 


command, #RCL 
send_command 
long_wait 


MOV 
RI, #OlOh 


DEC 
CALL 
MOV 
CALL 


MOV 
CJNE 


MOV 
CJNE 


CJNE 


MOV 


CALL 
JMP 


CALL 
MOV 
XRL 


MOV 
CALL 
MOV 
CALL 
JMP 


RI 
Clear_dog 
Address, RI 
Read_data 


A, datal 
A, DataByte, 
no_match 


A, data2 
A, DataByte, 
no_match 


RI, #Oh, read_loop 


P2, DataByte 


Clear_dog 
very_end 


Clear_dog 
A, Datal 
A, dataByte 


P2, A 
long_wait 
P2, #Oh 
long_wait 
No_match 


service to WDT 


set up to write the value 
on port 3 to all locations 


write 16 words 
store 2444 RAM to EEPROM 


display port 3 value on 
LEDs 


disable writes to 2444 


recall 2444 EEPROM to RAM 


service the WDT 


check 1st data byte 


check 2nd data byte 


read 16 words 


light LEDs on board 


service WDT 


service WDT 


flash mis-match 
bits on 
LEDs 
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.************************************************************ 
, 
Send_command Routine: 
Sends the command located at 'command'. 
Calls 'send_byte' to do the actual transmission. 
Vectors to 'error_handling' in the event of an error. 
Send_command: 


, 
PUSH 
MOV 
SETB 
CALL 
JBC 
CLR 
POP 
RET 
Send_data Routine: 
Sends the data in 'datal' and 'data2' to the address at 'address' • 
Calls 'send_byte' to do the actual transmission. 
Vectors to 'error_handling' in the event of an error. 
Send_data: 


ACC 
A, command 
ChipEN 
send_byte 
error_flag, 
ChipEN 
ACC 


error_handling 


PUSH 
ACC 


MOV 
A, address 
RL 
A 
RL 
A 
RL 
A 
ORL 
A, #WRITE 
put address in bits 3-6 
set up write command 


SETB 
ChipEN 
CALL 
send_byte 
send write command 
&: 
address 
JBC 
error_flag, 
error_handling 


MOV 
A, Datal 
send 1st data byte 
CALL 
send_byte 
JBC 
error_flag, 
error_handling 


MOV 
A. Data2 
send 2nd data byte 
CALL 
send_byte 
JBC 
error_flag, error_handling 


CLR 
ChipEN 
POP 
ACC 
RET 


Read_data Routine: 
Reads the 2444 at address 
'address' and stores it in 'datal' 
and 'data2'. 
Calls 'send_byte' to send the read command/address. 
Vectors to 'error_handling' in the e~ent of an error. 


Because the Xicor 2444 "chops" the MSB of the data word by clocking 
it out on the falling edge of the address LSB clock, the SEP is 
set to read data on the falling edge of the clock. The MSB of 
each data byte must therefore be read before reception is enabled. 
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Read.data: 
PUSH 
ACC 


MOV 
RL 
RL 
RL 
ORL 


SETB 
CALL 
JBC 
MOV 
ORL 
ORL 
CALL 


MOV 
ANL 
JNZ 
JBC 


MOV 
RR 
MOV 
MOV 


MOV 
ORL 
CALL 


MOV 
ANL 
JNZ 
JBC 


MOV 
RR 
MOV 
MOV 


ANL 
CLR 
POP 
RET 


A, address 
A 
A 
A 
A, #READ 


ChipEN 
send.byte 
error.flag, 
error.handling 
C, SEPIO 
SEPCON,#OOOOlOOOB 
SEPCON,#OOOlOOOOB 
wait.loop 


A, SEPSTAT 
A, #7 
error.handling 
error.flag, 
error.handling 


A, SEPDAT 
A 
ACC.7, 
C 
datal, 
A 


C, SEPIO 
SEPCON, #OOOlOOOOB 
wait.loop 


A, SEPSTAT 
A, #7 
error.handling 
error.flag, 
error.handling 


A, SEPDAT 
A 
ACC.7, 
C 
data2, 
A 


SEPCON, #llllOlllB 
ChipEN 
ACC 


; put 
address 
in bits 
3-6 
; set 
up read 
command 


; send 
read 
cODlDland/address 


; read 
MSB of 1st 
data 
byte 
; clock 
polari 
ty high 
; enable 
reception 


I 


; check 
for 
read 
error 
;mask 
off 
upper 
bits 
of SEPSTAT 


; rotate 
out 
erroneous 
bl t 0 
; copy 
previously 
read 
MSB 


; read 
MSB of 2nd data 
byte 
; enable 
reception 


; check 
for 
read 
error 
; mask 
off 
upper 
bits 
of SEPSTAT 


; rotate 
out 
erroneous 
bi t 0 
; copy 
previously 
read 
MSB 


; Clock 
Polarity 
Low 


Error.handling 
routine: 
This 
routine 
is 
entered 
from' 
Send.coDlDland' 
, 'Send.data' 
and 
'Read.data' 
in the 
event 
of an error. 
Returns 
to the 
MAIN PROGRAM 
error.handling: 
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CLR 
PUSH 
MOV 


ChipEN 
ACC 
P5, DataByte 


1st step: determine what kind of error occurred 


JB 
MOV 
ANL 
JHZ 


read_error_handling: 
MOV 
JMP 


time_out_handling: 
MOV 
JMP 


write_error_handling: 
MOV 


time_out_error, 
time_out_handling 
A, SEPSTAT 
A, #4 
write_error_handling 


A, #read_error_code 
end_error 


A, #time_out_code 
end_error 


CALL 
Clear_dog 
MOV 
P2, A 
;flash error code on LEDs 
call 
long_wait 
MOV 
P2, #Offh 
call 
long_wait 
JMP 
end_error 
POP 
ACC 
RET 
; TO MAIN PROGRAM 
(where send_command, 
r~ad_data 
or 


Send_byte routine: 
Sends the byte in the accumulator 
out over the SEP. 
Called by 'Send_command', 
'Send_data' and 'Read_data'. 
Sets the bit 
'error_flag' in the event of an error. 
send_byte: 
PUSH 
ACC 


ANL 
MOV 
CALL 


MOV 
ANL 
JNZ 


SEPCON, #lllOllllB 
SEPDAT, A 
wait_loop 


disable reception 


wait for SEP to signal "done" 


A, SEPSTAT 
A, #7 
write_error 


check for transmission 
errors 
mask off upper bits of SEPSTAT 


•• 


POP 
ACC 
RET 


SETB 
error_flag 
POP 
ACC 
RET 
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Wait_loop 
routine: 
Used to wait while the SEP transmits 
or receives data. 
The maximum wait time is appromiately 
2.3 msec. 
If the SEPIF is not set within this time, an error is 
generated. 
Called by 'Send_byte', 
'Read_data'. 


PUSH 
ACC 
CALL 
Clear_dog 
CLR 
time_out_error 
MOV 
R5, #OFFh 


MOV 
A, SEPSTAT 
ANL 
A, #1 
CALL 
Clear_dog 
JNZ 
out_of_loop 
DJNZ 
R5, loop 


SETB 
error_flag 
SETB 
time_out_error 


ANL 
SEPSTAT, #OFEh 
POP 
ACC 
RET 


clear SEPIF 


set up for time-out 


loop: 
wait for SEPIF=l 


; Long_wait 
routine: 
; Used to allow the 2444 plenty of time to process 
commands. 
; This routine waits much longer than necessary 
long_wai t: 
MOV 
long_wait_loop: 
MOV 
DJNZ 
CALL 
DJNZ 
RET 


R6, #OFFh 


R7, #OFFh 
R7, $ 
Clear_dog 
R6, long_wait_loop 
service WDT 


; Clear_dog 
routine: 
; Services the watchdog 
timer to keep the part from being reset. 
Clear_dog: 
MOV 
WDTCON, #lEh 
MOV 
WDTCON, #OElh 
RET 


END 
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ADDITIONAL 
REFERENCES 


PORT2 


...-.-------t 
RST 
.~I..L10}4f__ 
-I 
P1.0 
,......---1 
VSS 


P4.1/SEPIO 


XTAL1 
XTAL2 
PORT3 


t----'---I 
Vcc 
'-----I 
EA 
P4.2 1----1CE 
Vcc- 


87eSl 
GB 
P4.0/SEPCLK 
SK RECALL - 
'r 01 
STORE- 


DO 
VSS l 


Xlcor 
2444 


1. '''87C51GB Hardware Description," 8-Bit Embedded Controller Handbook, Order #270645. 
2. AP115, "83C51FA/FB PCA Cookbook," Betsy Jones, Embedded Applications Handbook, Order #270648. 
3. AP-406, "MCS-96 Analog Acquisition Primer," 
David Ryan, Embedded Applications Handbook Order 
#270648. 
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I. RESONANT 
TRANSDUCERS 
M 
OST 
sensing transducers are not directly compatible 
with digital controllers. 
because they generate analog 
signals. A few transducer companies are developing proprie- 
tary families of sensors which generate signals that are more 
directly compatible with digital systems. These are not analog 
sensors with built-in A-D conversion. but oscillators whose 
frequency 
depends 
in some known way on the physical 
property being measured. 
The technology 
is applicable 
to virtually 
any type of 
measurand: 
pressure. 
gas density. 
position. 
temperature. 
force. etc. The sensor and microcontroller can operate from 
the same supply voltage. so the sensor can in most cases 
connect directly to a port pin on the microcontroller. 


The nominal reference frequency of the output signal from 
these devices is in the range of 20 Hz-SOOkHz. depending on 
the design. 
A change 
in the measurand 
away 
from the 
reference condition causes the frequency 10 shift by an amount 
that 
is related 
10 the 
change 
in the 
measurand 
value. 


Transducers are available Ihat have a full-scale frequency shift 
of2-1. 
The microcontrollcr detects the change in frequency or 
period and converts it in software to the measurand 
value. 


11.CONNH'TIN(iI'H~DI(irrAI.TMANSI>\I('EM 
TUTHf 8051 


Normally the transducer output can be connected directly 10 
one of the 8051 port pins. An exception 
would occur when the 


Milnu!lCripC received o...lub:r ~!i.1984. 
TM author is with In.e' CUrplJril.iun. Ch••ecrcr. AZ 8:"i224. 


transducer signal does not restrict itself to the voltage range of 
-O.S to +5.5 V. 
The 8051 is not sensitive to the rise and fall times of its input 
signals. It detects transitions by sampling its port pins at fixed 
intervals (once per machine cycle). and responds to a change 
in the sequence of samples. If the slew rate of the transducer 
signal is extremely slow. noise superimposed on the signal 
could cause the sequence of samples to show false transitions. 
There could on that account 
be situations 
in which the 
transducer signal should be buffered through a Schmitt Trigger 
to square it up. 


Ill. TIMERiCoUNTF.R 
STRUCTURE 
INTHE8051 


The 8051 has two 16-bit timer/counters: Timer 0 and Timer 
I. Both can be configured in software to operate either as 
timers or as event counters. 


In the 
"timer" 
function. 
the register 
is automatically 
incrcmented every machine cycle. Since a machine cycle in 
the 8051 consists of 12 clock periods. 
the timer is being 
incremented at a constant rate of 1/12 the clock frequency. 


In the "counter" 
function. the register is incrernented in 
response to a l-to-O transition at its corresponding 
external 
input pin (TO or n). The way this function works is the 
external input pin is sampled once each machine cycle (once 
every 12 clock periods). and when the samples show a high in 
one cycle and a low in the next. the count is incremented. 


Note too that since it takes two machine cycles (24 clock 
periods) to recognize a l-to-O transition. the maximum count 
rate is 1/24 the clock frequency. If the clock frequency is 12 
MHz. the maximum count rate is 500 kHz. There are no 
requirements on the duty cycle of the signal being counted. 


The 8052. an enhanced version ofthe 80SI. has three l6-bit 
timer/counters. two of which are identical to those in the 80S I. 
The third timer/counter can operate either as a 16-bit timer/ 
counter with automatic reload to a preset 
16-bit value on 
rollover. or as a 16-bil timer/counter with a "capture" 
mode. 
In the capture mode a l-to-O transition at the T2EX pin causes 
the current value in the counting register to the "captured" 
into RAM. The third timer makes the 8052 panicularly easy to 
interface wuh resonant transducers. 


IV. WHF.THf.M 
TOMEASUREFRFQUfN('YORPERIOD 


Measuring 
the 
frequency 
requires 
counting 
transducer 
pulses for a tixed sample time. Measuring the period requires 
measuring elapsed time for a fixed number of Iransducer 
pulses. For a given level of accuracy in the determination of 
the value of the measurand. it is usually faster to measure the 
period. rather than the frequency. even if the measurand is 
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proportional to frequency rather than period. However. both 
types of measurements will be discussed here. 
Two timer/counters can be used. one to mark time and the 
other to count transducer 
pulses. 
If the frequency being 
counted does not exceed SOkHz or so. one may equally well 
connect the transducer signal to an external interrupt pin. and 
count transducer pulses in software. That frees one timer. with 
very little cost in CPU time. 


V. How TOMEASURETRANSDUCER 
FREQUENCY 


Measuring the frequency means counting transducer pulses 
for some desired sample time. The count that is directly 
obtained is T x F. where T is the sample time and F is the 
frequency. The full scale range is T x (Fmax - Fmin). For 
n-bit resolution 


LSB 
Tx (Fmax - Fmin) 


2" 


Therefore. the sample time required for n-bit resolution is 


2" 
T=-::---- 
Fmax-Fmin 


For 
example. 
8-bit resolution 
in the measurement 
of a 
frequency that varies between 5 and 10 kHz would require. 
according to this formula. a sample time of 51.2 ms. The 
maximum acceptable frequency count would be 5 1.2 ms x 10 
kHz 
= 
512 counts. The minimum would be 256 counts, 


Subtracting 256 from each frequency count would allow the 
frequency to be reported on a scale of 0 to FF in hex digits. 


If Fmin and Fmax are closer together it takes more time to 
resolve 
them. 
8-bit resolution 
in the measurement 
of a 
frequency that varies between 7 and 9 kHz would require a 
sample 
time of 
128 ms. 
The 
maximum 
and minimum 
acceptable counts would be 1152 and 896. Subtracting 896 
from each frequency count would allow the frequency to be 
reported on a scale of 0 to FF in hex digits. 
To implement the measurement. 
one timer is used to 
establish the sample time. In this function it autoincrements 
every machine cycle. A machine cycle consists of 12 periods 
of the clock oscillator. The sample time can be converted to 
machine cycles by multiplying it by (Fxtal)/12. where Fxtal is 
the 80SI clock frequency. The timer needs to be preset so that 
it rolls over at the end of each sample time. Then it generates 
an interrupt. and the interrupt routine reads and clears the 
transducer pulse counter. and then reloads the timer with the 
correct preset value. 
The preset or reload value is the two's complement negative 
of the sample time in machine cycles. For example. with a 12- 
MHz clock frequency. the reload value required to establish a 
51.2 ms sample time is 


(S1.2 ms)x(l2000 
kHz) 
. 


12 
= - SI200= 3800 H. 


In many cases the required sample time exceeds the capacity of 
• 
/6-I>ir rimer. 
FOI' example. 
e.rabli.hing 
a 
128 ms sample 
time with a 12-MHz clock frequency requires a 3-byte timer 
with a reload of FEOCOOH.The SOSI timer, being only 2- 


bytes wide. can be augmented 
in software 
in the timer 
interrupt 
routine to three bytes. 
The 8051 has a DJNZ 
instruction (decrement and jump if not zero) which makes it 
easier to code the third timer byte to count down instead of up. 
If the third timer byte counts down. its reload value is the 
two's complement of what it would be for an up-counter. For 
example. 
if the two's 
complement of the sample time is 


FEOCOOH.then the reload value for the third timer byte would 
be 02. instead of FE. The timer interrupt routine might then be 


DJNZ 
THIRUJIMER..BYTE,OUT 
MOV 
TLO.~ 
MOV 
THO.~H 
MOV 
THIRUJIMER..BYTE.~2 
(Now read and clear the 
transducer pulse counter.) 
OUT: RETI 


Interrupt latency will have no effect on the measurement if the 
latency is the same for every sample time. 
The trouble with measuring the frequency is it is not only 
slow, but a waste of the resolving power of the S05I's timers. 
A timer with microsecond resolution is being used to mark off 
1000ms time periods. The technique is nevertheless useful if 
the timer 
is already 
serving other purposes 
(servicing 
a 
display, perhaps). so that the sample time is coming relatively 
free of charge. But in most cases it is faster and equally 
accurate to measure the frequency by deriving 
it from a 
measurement of the period: 


VI. How TOMEASURETHEPERIOD 


Measuring 
the period 
of the transducer 
signal 
means 


measuring the total elapsed time over N-transducer 
pulses. 


The quantity that is directly measured is N x 
T. where T is 
the period of the transducer signal in machine 
cycles. The 
relationship between T in machine cycles and the transducer 
frequency F in arbitrary frequency units is 


where Fxtal is the S05I clock frequency. in the same unit as F. 


The full scale range then is N x (Tmax - 
Tmin). For n-bit 
resolution 


Nx(Tmax 
- 
Tmin) 
I LSB=· 
. 
2" 


Therefore. the number of periods over which the elapsed time 
should be measured is 


2" 
N----- 
Tmax-Tmin 


However, N must also be In inteler. It is logical to evaluate 
the above formula (do not forget that Tmax and Tmin have to 
be in machine cycles) and select for N the next hilher inteler . 
This selection gives a period measurement that has somewhat 
more than n-bit 
resolution. 
which 
may or 
may not be 
acceptable. 
dependinl 
on the overall 
requirements 
of the 
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system. It can be scaled back to n-bit resolution. if necessary. 
by the following computation: 
NT-NTmin 
reponed 
value = NTmax _ NTmin 


where NT is the elapsed time measured over N periods. 


The computation can be done in math if a suitable divide 
routine is available in the software. For 8-bit resolution it is 
entirely reasonable to find the reponed value in a look-up 
table. which would take up somewhat more than one page in 
ROM. In fact. the look-up table would contain NTmax 
- 
NTmin entries. 
For example. 
suppose 
we want 8-bit resolution 
in the 
measurement of the period of a signal whose frequency varies 
from 5 to 10 kHz. If the clock frequency is 12 MHz. then 
Tmax is (12 000 kHz)/(12 x 5 kHz) = 200 machine cycles. 
and Tmin is lOOmachine cycles. The timer needs to be on then 
for N = 2.56 periods. according to the formula. Using N = 3 
periods will give maximum and minimum NT values of 600 
and 300 machine cycles. This is somewhat more than 8-bit 
resolution. It can be scaled to 8 bits with a 300-byte look-up 
table. if desired. 


To implement the measurement. 
one timer 
is used to 
measure 
the elapsed 
time NT. Enabling 
its interrupt 
is 
optional. The timer interrupt could be used to indicate a short 
or open in the transducer circuit. 
Then the transducer is connected to one of the external 
interrupt pins (INTO or INTI). and this interrupt is configured 
to the transition-activated 
mode. In the transition-activated 
mode every 
l-to-O transition in the transducer output will 
generate an interrupt. The interrupt routine counts transducer 
pulses. and when it gets to the predetermined N. it reads and 
clears the timer. For example 


DJNZ 
PULSES.OUT 
MOV 
PULSES.N.PERlODS 


(Read and clear timer.) 
OUT: RETI 


If other interrupts are also to be enabled. the one connected to 
the transducer should be set to Priority I. and the others to 
Priority O. This is to control the interrupt response time. The 
response time will not affect the measurement if it is the same 
for every measurement. Variations in the response time will. 
however. affect the measurement. 
Selling the pulse-counter 
interrupt to Priority I and all others to Priority 0 will minimize 
variations in the response time. The response time will then be 
limited to range from 3 to 8 machine cycles. 


VII. PuLSEWIDTH 
MEASUREMENTS 


The S05 I timers have an operating mode which is particu- 
larly suited to pulsewidth measurements. and may be useful 
here if the transducer 
has a fixed duty cycle. 
or if the 
transducer 
output is pulsewidth modulated 
instead of fre- 


quency modulated by the measurand. 
In this mode the timer is turned on by the on-chip circuitry 
in response to an input high at the external interrupt pin. and 
off by an inpurlow. The exremaJ interrupt itself is enabled. so 
the same I-to-O transition from the transducer thattums off the 


timer also generates an interrupt. The interrupt routine would 
then read and reset the timer. 


The advantage of this method is that the transducer signal 
has direct access to the timer gate. 
with the result that 


variations in the interrupt response time cease to be a factN 
The timer can be read and cleared any time before the next 
high in the transducer output. 


VIII. DERIVINGFREQUENCY 
FROMA PERlOOMEASUREMENT 


We now consider the problem of measuring the transducer 
frequency to n-bit resolution by deriving it from a direct 
measurement of the period. The advantage of this technique is 
speed. It is always faster to measure period than frequency. 
But it is important to end up with a frequency value that has the 
same resolution and accuracy as a directly measured fre- 
quency. Two questions need to be addressed. 


I) To achieve n-bit resolution in the calculated frequency. 


how much resolution is required in the period? 
2) Having measured the period to the required resolution. 


what is the most efficient way to calculate the frequency? 


These questions will be addressed one at a time. 


IX. RESOLUTION 
REQUIREMENTS 


In general. 
n-bit resolution in the frequency 
derivation 


requires somewhat more than n-bit resolution in the period 
measurement. 
How much more? It will be demonstrated 
presently that if the transducer frequency varies over a 2-to-l 
range. the frequency can be calculated with n-bit resolution 
from period measurements that have (n + I)-bit resolution. 


The more practical form of the question is over how many 
periods (N) must the transducer signal be sampled to Obtain 
the required 
resolution 
in F? And so. 
we commence 
a 
calculation of N. 


The basic calculation of frequency from N x T (which we 
shall call NT) is straightforward: 


F=N/(NT). 


The relationship between an increment dF in the calculated 
frequency due to an increment d(NT) in the measured period 
is. therefore. 


N 
dF= --- 
d(NT) 
(NT)2 


F2 
= -'N d(NT). 


This equation says the value of an LSB in the calculated 
frequency is (F2)/N x the value of an LSB in NT. Then the 
maximum value that an LSB in the calculated frequency can 
have is (Fmax)'/N 
x the value of an LSB in NT. For the 
calculated frequency to have n-bit resolution over the entire 
range of frequencies. the value of its LSB must never exceed 
(Fmax - 
Fmin)/2·. 
Therefore. the measurement requires 


(Fmax)' 
Fmax - Fmin 
--N-X(\ 
LSB in NT)s 
2" 


270434-3 


2-404 


intel· 
8051 MICROCONTROLLER 


WILLlAMSON, USING THE 8051 MICROCONTROLLER 


The required resolution in NT is, therefore, 


Nx(Fmax-Fmin) 
I LSB in NTs 
1 
. 
2" x (Fmax) 


Now, to say that NT is measured with m-bit resolution means 


I LSB in NT 
Nx(I/Fmin- 
I/Fmax) 


2'" 


Substituting this value for I LSB into the required resolution 
and solving for 2'" yields 


Fmax 
2'"2:--x2". 
Fmin 


Then the requirement on m is 


In (FmaxlFmin) 
m2:n+ 
In (2) 


It can be stated with some certainty, then, that if the transducer 
frequency varies over a range of2-to-l, 
the frequency can be 
calculated with 8-bit resolution from a period measurement 
that has 9-bit resolution. If the frequency variation is less than 
2-to-l, another full bit of resolution in the period measurement 
is not needed. 
To obtain m-bit resolution in NT, N must satisfy 


2'" 
N2: 
Tmax _ Tmin 


Substituting for 2"'. and using Tmax = I/Fmin 
and Tmin = 
11F max, gives the result that 


(Fmax)l 
N2: 
x2". 
Fmax-Fmin 


It should be noted that the units of frequency here are 
periods/machine 
cycle, 
since the 805I measures 
time by 
counting machine cycles. The conversion factor between Hz 
and periods/machine 
cycle is 12/(clock frequency). 
So the 
requirement on N can also be written 


Fmax 
Fmax 
N2: 
x--x 
12x2" 
Fmax - Fmin 
Fxtal 


where Fxtal is the 805 I clock frequency in the same units as 
Fmax and Fmin. This is the number of transducer pulses over 
which the transducer signal must be sampled to achieve the 
required solution 
in F. 
For example. suppose that 8-bit resolution is required in F. 
where Fmax = 10 kHz and Fmin = 5 kHz. and that Fxtal 
= 12 MHz. Then the above calculation shows that N = 6 
periods gives sufficient resolution in the period measurement 
to satisfy the resolution requirement in F. Six periods will take 
0.6-1.2 
ms of sampling time. on that frequency range. Recall 
that the sample time for a direct frequency measurement of the 
same signal and to the same resolution was earlier calculated 
to be 51.2 ms. 


X. COMPUTING 
THE FREQUENCY 
FROM THE PERIOD 


The period measurement leaves one with a 16-bit integer. 
which is N x T (or NT) in machine cycles. The conversion to 
frequency is straightforward: 


F=N/(NT) 
periods/machine cycle. 


The quantity of interest is probably not F, but a normalized 
measure of the amount by which F exceeds its minimum 
acceptable value. This quantity represents, through the trans- 
ducer's 
transfer 
function, 
the 
"reponed 
value" 
of 
the 
measurand, and this quantity is an n-bit integer whose value 
ranges from 0 (all bits = 0) to full scale (all bits = I). This 
normalized frequency is 


F-Fmin 
f = Fmax - Fmin 


Fmin 
-:Fi:-ma-x---:Fi=-m-:i-n 
x (F/ Fmin - I) 


Using F = N/(NT) and F min = N/(NT max) a1lo••'~ the 
normalized frequency to be written 


f 
Fmin 
x NTmax - NT 
Fmax - Fmin 
NT 


To get a handle on what kinds of numbers are involved here, 
consider the situation where 8-bit resolution is required in f. 
and in which Fxtal = 12 MHz. Fmax = JO kHz, and Fmin 
= 5 kHz. We have previously determined that for this set of 
conditions, N = 6 periods gives sufficient resolution in the 
period measurement to satisfy the resolution requirement in F 
(and in/). 
With a 12 MHz clock frequency, Tmax in machine 
cycles is (12000 kHz)/(l2 
x 5 kHz) = 200 machine cycles, 
so NTmax is 6 
x 
200 = 
1200 machine cycles. 
The 
calculation for f then becomes 


1200-NT 
f= 
NT 
' 


The minimum acceptable value that NT can have is (N x 
Tmin + I), where Tmin = (12000 
kHz)/(l2 
x 10 kHz) = 
100 machine cycles. Then N x 
Tmin = 6 x 
lOO = 600 
machine cycles. The allowable values for NT are then 601- 
1200 machine cycles, a total of 599 different values. 


The fastest way to "calculate" f would be with a 599-byte 
look-up table. This method has the added advantage that 
nonlinearities in the transfer function between frequency and 
measurand can be built into the table. Look-up tables are 
facilitated in the 805 I by the MOVC A,@A+PC, 
and MOVC 
A,@A+OPTR 
instructions. OPTR is a 16-bit "data pointer" 
register 
in the 
8051. 
Its two bytes can be 
individually 
addressed as OPL (low byte) and OPH (high byte). 


In the example under discussion, it will be necessary to load 
OPTR with the address of the first byte of the look-up table, 
less 601, plus the 2-byte value of NT. The software that 
accesses the table might then take the following form: 


TABLE EQU (address of first table entry) 
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Fig. 
1. 
A divide 
algorithm. 


MOV 
ADD 
MOV 
MOV 
ADDC 
MOV 
CLR 
MOVC 


A._LOW(TABLE-60I) 
A,NtJ-O 
DPL.A 
A._HIGH(TABLE - 601) 
A,NUU 
DPH.A 
A 
A,@A+DPTR. 


At this point the accumulator contains the 8-bit value of f. 
It is perfectly reasonable to decide that a 599-byte look-up 
table is unwieldy. Its advantages are speed and built-in error 
correction. 
But a reasonably fast divide algorithm can be 
wrinen 
to this specific purpose, 
making use of a priori 
knowledge about the sizes of the numbers that are involved in 
the computation. 
It helps to know that in this example the 
numerator 
is never going to be larger than 599 and the 
denominator is always greater than the numerator. 


A complete discussion of divide routines is beyond the 
scope of this paper. but a suitable divide algorithm for this 
specific application is shown in Fig. I. Reference [I J calls this 
the Restoring division algorithm. It is particularly well' suited 
to the 805 I. because" < .. comparisons are greatly facilitated 
by the. 8051's 
CJNE 
(compare 
and jump 
if not equal) 


instruction. CJNE A ,B.rel. executes a relative jump if A does 
not equal 
B. 
More 
importantly 
to this 
application. 
the 
instruction sets the carry flag if A < B. 


Xl. 
ACCURACY 
AND 
RF.SOLUTlON 


The accuracy 
with which the 
805 I will measure 
the 
frequency or period of the transducer signal depends on two 
things: the accuracy of the clock oscillator and variations in 
the interrupt response time. 


Since the clock signal is normally generated by a crystal 
oscillator. the oscillator accuracy normally far exceeds the 
quanlizing error inherent in the finite (a-bit) resolution. 


As was previously mentioned. interrupt response time does 


not introduce an error 
into the 
measurement 
itself. 
but 
variations. in . the 
interrupt 
response 
time can. 
Interrupt 
response time In the 805 I can vary from 3 to 8 machine cycles. 
depending on what instruction is in progress at the time the 
interrupt is generated. This would represent an error of ± 5 
counts 
in the 
measured 
value 
of 
NT 
during 
a period 
measurement. 
An error 
of 
± 5 counts 
in NT 
does 
not 


necessarily translate to ± 5 LSB's in the final result. but it 
might still represent an error that exceeds the resolution. 


In a direct frequency measurement variations in the inter- 
rupt response time would represent an error of ± 5 /IS in the 
sample time. 


If these kinds of errors are unacceptable there are ways to 
deal with them. In period measurements. if the duty cycle of 
the 
transducer 
is constant. 
the 
pulsewidth 
measurement 


technique. previously described. can be used. lis advantage is 
that it gates the timer off when the interrupt is generated. 
rather than when the interrupt is responded to. 
In other cases one can simply increase the sample time 


above the minimum required to obtain the desired resolution. 
For example. if the measurement requires 8-bit resolution. one 
can design the software for an II-bit resolution and truncate 
the result to 8 bits. 
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r-licrocontrollers 
are 
rapidly 
becoming 
the 
backbone 
of 
silicon 
computing 
systems. 
From 
a 
technical 
standpoint, 
the 
most 
significant 
attribute, 
aside 
from 
the 
inclusion 
of 
RAM 
and 
ROM, 
that 
segregates 
a 
microcontroller 
from 
a 
microprocessor 
is 
I/O manipulation. 
In 
~eneral, 
I/O 
manipulation 
is an 
intimate 
part 
of 
a 
microcontroller's 
architecture. 
The 
instruction 
set 
and 
architecture 
of 
a 
microcontroller 
allows 
the 
CPU 
to 
directly 
control 
the 
I/O 
facilities 
on 
the 
device. 
This 
is 
in direct 
contrast 
to a 
microprocessor 
where 
the 
I/O 
is 
essentially 
a "sea" 
of 
addresses 
anu 
it 
is up 
to 
the hardware 
de&igner 
to place 
some 
type 
of 
I/O 
hardware 
in 
this 
I/O 
"sea". 
It should 
be 
obvious 
that 
simply 
adding 
ROM 
and 
RAM 
to a microprocessor 
WILL 
NOT 
creale 
a microcontroller. 


This 
intimate 
contact 
with 
I/O 
gives 
the 
microcontroller 
a 
distinct 
advantage 
over 
the 
microprocessor 
in 
applications 
that 
are 
I/O 
intensive. 
Microcontrollers 
can 
test, 
set, 
complement, 
or clear 
I/O 
port 
pins 
much 
faster 
than 
a 
microprocessor 
and 
they 
can 
also 
make 
decisions, 
based 
on 
the 
state 
of other 
hardware 
features, 
such 
as 
timer/counters 
with 
equal 
speed. 
This 
integration 
of 
I/O, 
in 
both 
hardware 
and 
software 
makes 
the 
microcontroller 
"ideal" 
for 
many 
types 
of 
intelligent 
instrumentation. 


4K 
ROM/EPROM 
- 8K ROM 
ON 
8052 
128 
BYTES 
OF 
RAM 
- 256 ON 
THE 
8052 
2-16 
BIT 
TIMER/COUNTERS 
- 
3 ON 
THE 
8052 
FULL 
DUPLEX 
UART 
5 VECTORED 
INTERRUPTS 
- 
6 ON 
THE 
8052 
4 REGISTER 
BANKS 
BIT 
MANI PULATION 
(BOOLEAN 
PROCESSOR) 
32 DIRECTLY 
ADDRESSABLE 
I/O 
PINS 
MULTIPLY 
AND 
DIVIDE 
INSTRUCTIONS 
SUPPORTS 
64K OR 
RAM 
AND 
ROM-128K 
TOTAL 


TABLE 
1. A BREIF 
LISTING 
OF 
THE 
MCS-5l'S 
FEATURE 
SET. 


Intel's 
MCS-5l 
series 
of 
microcontrollers 
cQntain 
many 
features 
that 
can 
be 
integrated 
directly 
into 
many 
types 
of 
instruments. 
TABLE 
1 is a 
brief 
listing 
of 
these 
features. 
To 
illustrate 
the power 
of 
the 
8051 
this 
paper 
will 
elaborate 
on 
two 
techniques 
for 
performing 
analog 
to digital 
(A 
to 
D) 
conversion. 
Both 
of 
these 
examples 
assume 
that 
some 
additional 
hardware 
is 
attached 
to 
the 
I/O 
pins 
of 
the 
8051. 


S/A 
CONVERSION 
TECHNIQUES 


Successive 
approximation 
analog 
CO 
digital 
conversion 
involves 
a 
"binary 
search" 
of 
an 
unk nowu 
voltage 
relative 
to 
a 
"fixed" 
known 
reference. 
The 
reference 
is 
selectively 
divided 
by 
multiples 
of 
two 
until 
the 
desired 
accuracy 
is 
reached, 
Figure 
1 
is 
a 
flowchart 
of 
a successive 
approximation 
converter. 
This 
technique 
usually 
requires 
a digital 
to 
analog 
converter 
to 
divide 
the 
reference 
voltage 
and 
a 
VOltage 
comparator 
to 
compare 
the 
unknown 
voltage 
to 
·the 
"divided" 
reference. 
Digital 
to 
analog 
converters 
and 
voltage 
comparators 
are 
readily 
available 
and 
rel&tively 
inexpensive. 
A 
block 
diagram 
of 
an 
8051 
based 
A 
to 
D 
converter 
is shown 
in 
Figure 
2. 


Many 
industrial 
A 
to 
D 
converters 
require 
12 
bits 
of 
accuracy. 
A 
12 bit 
converter 
provides 
good 
"dynamic 
range" 
and 
is ~apable 
of 
resolving 
1 part 
in 
4096. 
If 
the 
applied 
input 
voltage 
ranges 
from 
0 
to 
10 Volts, 
a 12 
bit 
converter 
can 
resolve 
2.4 
millivolts 
with.in 
this 
range. 
The 
theoretical 
accuracy 
of 
a 
12 bit 
converter 
is 
.024\ 
+/- 
1/2 
least 
significant 
bit. 


The 
power 
of 
the 
8051 
in 
this 
type 
of 
application 
is 
best 
revealed 
by 
examining 
the 
software 
required 
to 
implement 
the 
successive 
approximation 
algorithm. 
The 
routine 
for 
the 
8051 
is 
shown 
in Table 
2. 


The 
execution 
times 
given 
assume 
a 
12 
Mhz 
crystal. 
Compare 
this 
to 
the 
following 
routine 
which 
is a 
4 Mhz 
Z-80 
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TABLE 2. 
SUCCESSIVE APPROXIMATION 
ROUTINE FOR THE 8051. 


INSTRUCTION 
BYTES 
TIME 


I 
ICLEAR PORT PINS 


,[$ 
MOV 
P1,tO 
3 
2 
00'( 
ANL 
P2,tOFOH 
3 
2 
, 
ISTART CONVERSION 


SETB 
P2.3 
2 
1 
JNB 
P2.4,L1 
3 
2 
CLR 
P2.3 
2 
1 
L1: 
'SETB 
P2.2 
2 
1 


JNB 
P2.4,L2 
3 
2 
CLR 
P2.2 
2 
1 
110 
L2: 
SETB 
P2.l 
2 
1 
JNB 
P2.4,L3 
3 
2 
CLR 
P2.l 
2 
1 
L3: 
SETB 
P2.0 
2 
1 
JNB 
P2.4,L4 
3 
2 
CLR 
P2.0 
2 
1 
L4: 
SETB 
Plo7 
2 
1 
JNB 
P2.4,L5 
3 
2 
CLR 
Plo 7 
2 
1 
L5: 
SETB 
Plo6 
2 
1 
JNB 
P2.4,L6 
3 
2 
'ICUI( 1. SUCaSS1'ft 
A~lIMnOll 
CLR 
Plo6 
2 
1 
COII.ISIC. 
AUiOlI11M 
L6: 
SETB 
Plo5 
2 
1 
JNB 
P2.4,L7 
3 
2 
CLR 
Plo5 
2 
1 
L7: 
SETB 
Plo4 
2 
1 
JNB 
P2.4,L8 
3 
2 
'l. 
liT0 
CLR 
Pl.4 
2 
1 
'1.1 
In I 
L8: 
SETB 
Pl.3 
2 
1 
'1. 
liTZ 
JNB 
P2.4,L9 
3 
2 
'1. 
liTJ 
CLR 
Pl.3 
2 
1 
'1. 
liT' 
L9: 
SETB 
Plo2 
2 
1 
'1. 
In I 
JNB 
P2.4,L10 
3 
2 
'1. 
In I 
CLR 
Pl.2 
2 
1 
'1. 
In 1 
LlO: 
SETB 
Pl.l 
2 
1 
8 
D 
JNB 
P2.4,Lll 
3 
2 
0 
T 
CLR 
Pl.l 
2 
1 
5 
0 
Lll: 
SETB 
Pl.O 
2 
1 
1 
A 
JNB 
P2.4,Ll2 
3 
2 
PI. 


I 
PI• 
CLR 
Pl.O 
2 
1 
• 
• 
PI. 
I 
7 
• 
PI. 
Ll2: 
CONVERSIONCGMPLBTE 
5 
•T 
Pl. 
1 
PI. 
~ 
Pl. 
• 
TOTAL 
90 
46 US 
Pl. 
_11 
110ft: 
'l'lMING IS 'l'YPICAL 
-- 


1fORft CASE • 
52 US 
-- 
88S'l' CASK • 
40 US 
"_a. IUCII_. 
_Ill 
_RTI •• ,.._ 
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executing 
the same algorithm with 
the 0 
to 
A hardware 
attached 
to an I/O 
port 
is 
shown 
in Table 
3 
(assume 
that all 
bits on PORT3 are grounded, 
except 
the 
comparator 
ihput). 


TABLE 
3. SUCCESSIVE 
APPROXIMATION 
ROUTINE 
FOR THE Z-80. 


INSTRUCTION 
BYTES 
TIME 


;CLEAR 
PORT PINS 
, 
LD 
A,O 
2 
1.75 
OUT 
(PORTl) ,A 
2 
2.75 
OUT 
(PORT2),A 
2 
2.75 
I 
;START CONVERSION 


LD 
A,08H 
2 
1.75 
OUT 
(PORTi),A 
2 
2.75 
IN 
A, (PORT3) 
2 
2.75 
OR 
A 
1 
1.00 
IN 
A, (PORT2) 
2 
2.75 
JP 
Z,Ll 
3 
2.50 
AND 
OF7H 
2 
1.75 
Ll: 
OR 
04H 
2 
1.75 
OUT 
(PORT2),A 
2 
2.75 
IN 
A, (PORT3) 
2 
2.75 
OR 
A 
1 
1.00 
IN 
A, (PORT2) 
2 
2.75 
JP 
Z,L2 
3 
2.50 
AND 
OFBH 
2 
1.75 
L2: 
OR 
028 
2 
1.75 


REPEAT 
BETWEEN 
Ll AND L2 10 
MORE TIMES 
AND 
SET/RESET THE 
APPROPRIATE 
I/O BITS 


TOTAL 
179 
180 US 


AGAIN 
TIMING 
IS TYPICAL 
WORST 
CAST 
• 190.25 US 
BEST CASE. 
169.25 US 


One 
••y 
argue 
that 
by 
•••.ory 
••pping· 
the 
I-80's 
I/O 
ports 
the 
execution 
tt.e 
could 
b. 
enhariced 
because 
the user 
could 
take 
advantage 
of the I-80's 
SIT 
and RISET .e.ory 
aIT 
instructions. 
In 
reality, a fev bytes 
of .e.ory 
are saved, 
but 
v.ry 
little 


timel. 
This 
is 
because 
the 
Z-80's 
memory 
oriented 
BIT 
instructions 
are 
VERY 
slow, 
requiring 
between 
3 
and 
5 
microseconds 
with 
a 4 Mhz clockl 


This 
is 
not 
to say that the Z-80 
isn't a 
credible 
8-bit processor. 
The 
weakness 
is that decisions 
(i.e. JUMPS) 
cannot be made directly 
on the state of 
a given 
I/O pin., JUMP 
instructions, 
on 
most 
processors, 
are made on the state 
of 
the 
flags 
after 
some 
type 
of 
logical or 
arithmetic 
cperationl 
This 
means 
that 
information 
must be moved 
to 
an 
internal 
CPU 
register 
before 
a 
decision 
can be made. This 
·moving· of 
information 
back 
and 
forth 
between 
internal 
registers 
and 
I/O makes 
the 
microprocessor 
quite 
inefficient, 
relative 
to 
the 
microcontroller 
when 
I/O 
manipulation 
is 
involved. 
Note 
that 
with 
the 
8051 
algorithm 
never 
·moves· 
data 
from 
one 
location 
to 
another 
- it directly 
sets, 
tests, 
and 
clears 
bits. 
This 
characteristic 
gives 
the 
8051 
its 
distinct 
execution 
advantage. 


Another 
strength 
of 
the 8051 
in 
this 
type of application, 
relates 
to 
the fact that 
I/O port pins can be set, 
cleared, 
complemented, 
and tested 
with 
the same 
speed 
that 
a microprocessor 
can 
act 
on 
it's 
internal registers. 


Note 
that 
the 
8051 
takes 
only 
1 
microsecond 
to 
fetch 
an opcode and 
set 
or·clear 
a 
port 
pin. A 
microprocessor 
must 
first 
fetch 
and decode 
the opcode, 
then 
place 
the 
appropriate 
I/O 
or 
memory 
address 
on 
the bus, 
then perfor~ 
the necessary 
operation. 
All 
of 
this 
·communication· 
over 
the microprocessor 
bus 
significantly 
slovs 
down 
the 
microprocessor. 


DUAL 
SLOPE 
INTEGRATING 
CONVERTER 


Integrating 
A 
to 
D 
converters 
operate 
by 
an 
indirect 
method 
of 
converting 
a voltage 
to a time period, 
th.n measuring 
the time period 
with 
a 
counter. 
Integrating 
techniques 
are 
quite 
slov, 
r.lative 
to 
successive 
approxi.ation, 
but 
they are 
capable 
of 
providing 
v.ry 
accurate 
meaaurementa 
- 
5 
1/2 
or 
.ore 
decimal 
4igita 
- if 
proper 
analog 
techniques 
are employed. 


They 
also have 
the added 
advantage 
of 
allowing 
the 
integration 
period 
to b. a 
.ultiple 
of 
60 Ba 
(16.67 •• ) which 
can 
eli.inate 
inaccuracies 
caused by 
the 
••er 
pre ••nt 
-power 
line-. 
Virtually 
all digital 
voltaeters 
u•• some type of 
integrating 
technique. 
Pigure 
3 is 
a 
block diagr_ 
of a typical 
integrating 
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[N'UT 
___....._V. 


I 
___ 
...J 


AtFU[lt([ 
vOLTA('O( 


URO-C~05S 


OUTPUT 


J 
C AUro 
ZllO 


Figures 
4A, 
48, and 
4C 
show the 
three typical 
phases 
involved 
in the 
dual 
slope 
techniq~e. 
Figure 
4A 
illustrates 
the 
auto-zero 
phase. 
In 
this phase 
the integrating 
"loop" 
is 
closed 
and 
the offset 
of 
the 
analog 
integrator 
is 
accumlated 
in 
C 
auto 
zero. In Figure 
48, 
the input switch 
is 
closed 
and the 
integrator 
integrates 
the 
input 
voltage 
for 
a 
fixed 
time 
period 
Tl. In figure 
4C, 
th~ r~ference 
switch 
is 
closed 
all!! the 
integrator 
integrates 
the reference 
voltage 
until 
the comparator 
senses 
a zero crossing 
condition. 
The 
time it 
takes 
for this 
phase 
to occur 
is directly 
proportional 
to 
the amplitute 
of the 
input voltage. 
Additional 
circuitry 
can be 
added 
to 
determine 
the 
polarity 
of 
the 
input 
voltage, 
then switch 
in a 
reference 
of 
oppsite 
polarity, 
but 
the 
basic 
technique 
remains 
the 
same. 


The 
8051 
is an 
ideal controller 
for an intelligent 
integrating 
A 
to 
0 
system. 
The 
16 bit 
timer/counters 
can 
provide 
better 
than 
4 
1/2 
decimal 
digits of accuracy, 
the serial port can 
be used to transmit 
the analog 
reading 
to a 
printer or another 
processor, 
the 
CPU 
can 
be interrupted 
by 
the 60 Bz 
line 
so 
conversions 
can 
start 
at 
percise 
intervals, 
and software 
can be 
used 
to 
calculate 
and 
save 
average, 
peak, or HMS readings. 


Another 
"nice· 
benefit 
of 
this 
type of converter 
is that very 
few I/O 
port pins are required 
to control 
the A 
to 0 hardware, 
so opto-isolators 
can be 
used to 
caapletely 
isolate 
the 
8051 
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'digital 
system' 
from 
the 
analog 
hardware. 
Opto-isolatorc 
provide 
an 
additional 
'bonus' in 
that 
they 
may 
provide 
logical 
level 
shifting 
if 
needed 
by the analog 
circuitry. 
Figure 
5 shows how an 8051 might 
be connected 
to the 
analog sub-system. 
In practice, 
the 
analog 
switches 
can 
be 
almost 
anything 
ranging from 
CMOS 
to VFETs. 
The code 
needed to generate 
the 'basic' 
integrating 
A to D function 
is shown 
in 
Table 
4. 


Timer 
interrupts could 
be used 
so 
that, 
the 
CPU 
could 
be 
doing 
other 
things 
while 
the 
conversion 
was 
in 
process. 
Note 
that very 
little CPU 
time 
is needed 
to 
perform 
the actual 
A to D 
function. 


CONCLUSION 


This 
paper 
illustrated 
possible 
methods 
of using 
the 
8051 
in A to D 
•instrumentation' 
types 
of 
applications. 
The power 
of the 
805l's 
microcontroller 
architecture 
relates 
to 
the 
fact that 
logical 
'decisions' 
can 
be made directly 
on the 
state 
of the 
resident 
I/O 
hardware. 
This 
fact alone 
gives 
the 8051 
a distinct 
advantage 
in 
'bit intensive' 
applications. 
Software 


ISOlAToas 
011 
LOll 
SHlmRS 
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and hardware 
suvport 
tools 
include 
in- 
circuit 
emulators, 
an assembler, 
and a 
high 
level 
language, 
PLM-5lo 


Presently, 
the 8051 
is available 
in 
3 
technology 
'flavors'- 
HMOS 
11, HMOS- 
EPROM, 
andCHMOS, 
so 
depending 
on your 
individual 
application, 
you can have 
it 
your way. 


TABLE 
4. SOFTWARE 
FOR 
INTEGRATING 
A TO D CONVERTER 


1 
1START 
PROGRAM 


CLR 
TRO 
1TURN TIMER 
OFF • 


MOV 
TUO,tHIGH 
TAZ 
1LOAD AUTO 
ZERO 
MOV 
TLO,'LQW 
TAZ 
/TIME 


ANL 
Pl.'OFOH 
IMAKE A/D 
INACTIVE 
SETB 
Plo2 
1AUTO 
ZERO PHASE 
SETB 
TRO 
1TURN TIMER 
ON 
JNB 
TFO,$ 
1LOOP 
'1'1 L OVERFLOW 


1 
CLR 
TRO 
1TURN TIMER 
OFF 
CLR 
TFO 
1RESET 
TOV FLAG 


1 
MOV 
TUO,tHIGH 
INTT 
1LOAD 
INTEGR.'TION 
MOV 
TLO,'LOW 
INTT 
1TIME 
/ 
CLR 
Plo2 
1END AUTO 
ZERO 
SETB 
Plol 
1 START 
INTEGRATION 
SETB 
TRO 
1START 
TIMER 
JNB 
TFO,$ 
IWAIT FOR 
OVERFLOW 


CLR 
Plo1 
lEND INTEGRATION 
/ 
/ NOW, 
INTEGRATE 
THE REFERENCE 


/ 
SETB 
Pl.O 


/ 
IAT THIS 
POINT TIMER 
0 HAS A VALUE 
OF 
ITWO, TUE TIMER 
IS EQUAL 
TO 
ZERO, WHEN 
1IT OVERFLOWS 
AND 
IT WAS 
INCREMENTED 
ITWICE DURING 
THE LAST TWO 
INSTRUCTIONS 
/ 
/NOW, WAIT FOR 
ZERO CROSS 
/ 
JNB 
Plo3,$ 


/ 
/TURN THE TIMER 
OFF 


/ 
CLR 
TRO 


/ 
/NOW, TIMER 
0 - Vin 
+ 3 COUNTS 
, 
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INTRODUCTION 


The UPI-452 targets the leading problem in peripheral 
to host interfacing, the interface of a slow peripheral 
with a fast Host or "bus utilization". The solution is 
data buffering to reduce the delay and overhead of 
transferring data between the Host microprocessor and 
I/O subsystem. The Intel CMOS UPI-452 solves this 
problem by combining a sophisticated programmable 
FIFO buffer and a slave interface with an MSC-51 
based microcontroller. 


The UPI-452 is Intel's newest Universal Peripheral In- 
terface family member. The UPI-452 FIFO buffer en- 
ables Host-peripheral 
communications to be through 
streams or bursts of data rather than by individual 
bytes. In addition the FIFO provides a means of em- 
bedding commands within a stream or block of data. 
This enables the system designer to manage data and 
commands to further off-load the Host. 


The UPI-452 interfaces to the iAPX 286 microproces- 
sor as a standard Intel slave peripheral device. READ, 
WRITE, CS and address lines from the Host are used 
to access all of the Host addressable UPI-452 Special 
Function Registers (SFR). 


The UPI-452 combines an MSC-51 microcontroller, 
with 256 bytes of on-chip RAM and 8K bytes of ROM, 
twice that of the 8OC5I, a two channel DMA controller 
and a sophisticated 128byte, two channel, bidirectional 
FIFO in a single device. The UPI-452 retains all of the 
80C5I architecture, and is fully compatible with the 
MSC-51 instruction set. 


This application note is a description of an iAPX 286 to 
UPI-452 slave interface. Included is a discussion of the 
respective timings and design considerations. This ap- 
plication note is meant as a supplement to the UPI-452 
Advance Data Sheet. The user should consult the data 
sheet for additional details on the various UPI-452 
functions and features. 


UPI-452 
IAPX 286 SYSTEM 
CONFIGURATION 


The interface 
described in this application 
note is 
shown in Figure I, iAPX 286 UPI-452 System Block 
Diagram. The iAPX 286 system is configured in a local 
bus architecture design. DMA between the Host and 
the UPI-452 
is supported 
by the 82258 Advanced 
DMA Controller. The Host microprocessor accesses all 
UPI-452 externally addressable registers through ad- 
dress decoding (see Table 3, UPI-452 External Address 
Decoding). The timings and interface descriptions be- 
low are given in equation form with examples of specif- 
ic calculations. The goal of this application note is a set 
of interface analysis equations. These equations are the 
tools a system designer can use to fully utilize the fea- 
tures of the UPI-452 to achieve maximum system per- 
formance. 


HOST -UPI-452 
FIFO SLAVE 
INTERFACE 


The UPI-452 FIFO acts as a buffer between the exter- 
nal Host 80286 and the internal CPU. The FIFO allows 
the Host - peripheral interface to achieve maximum de- 
coupling of the interface. Each of the two FIFO chan- 
nels is fully user programmable. The FIFO buffer en- 
sures that the respective CPU, Host or internal CPU, 
receives data in the same order as transmitted. Three 
slave bus interface handshake methods are supported 
by the UPI-452; DMA, Interrupt and Polled. 


The interface between the Host 80286 and the UPI-452 
is accomplished with a minimum of signals. The 8 bit 
data bus plus READ, WRITE, CS, and A0-2 provide 
access to all of the externally addressable UPI-452 reg- 
isters including the two FIFO channels. Interrupt and 
DMA handshaking pins are tied directly to the inter- 
rupt controller and DMA controller respectively. 


DMA transfers between the Host and UPI-452 are con- 
trolled by the Host processors DMA controller. In the 
example shown in Figure 1, the Host DMA controller 
is the 82258 Advanced DMA Controller. An internal 
DMA transfer to or from the FIFO, as well as between 
other internal elements, is controlled by the UPI-452 
internal DMA processor. The internal DMA processor 
can also transfer data between Input and Output FIFO 
channels directly. The description that follows details 
the UPI-452 interface from both the Host processor's 
and the UPI-452's internal CPU perspective. 


One of the unique features of the UPI-452 FIFO is its 
ability to distinguish between commands and data em- 
bedded in the same data block. Both interrupts 
and 
status flags are provided to support this operation in 
either direction of data transfer. These flags and inter- 
rupts are triggered by the FIFO logic independent of, 
and transparent 
to either the Host or internal CPUs. 


Commands embedded in the data block, or stream, are 
called Data Stream Commands. 


Programmable FIFO channel Thresholds are another 
unique feature of the UPI -452. The Thresholds provide 
for interrupting 
the Host only when the Threshold 
number of bytes can be read or written to the FIFO 
buffer. This further decouples the Host UPI-452 inter- 
face by relieving the Host of polling the buffer to deter- 
mine the number of bytes that can be read or written. It 
also reduces the chances of overrun and underrun er- 
rors which must be processed. 


The UPI-452 also provides a means of bypassing the 
FIFO, in both directions, for an immediate interrupt of 
either' the Host or internal CPU. These commands are 
called Immediate Commands. A complete description 
of the internal FIFO logic operation is given in the 
FIFO Data Structure section. 
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The UPI-452 at power-on reset automatically performs 
a minimum initialization of itself. The UPI-452 notifies 
the Host that it is in the process of initialization by 
setting a Host Status SFR bit. The user UPI-452 pro- 
gram must release the UPI-452 from initialization for 
the FIFO to be accessible by the Host. This is the mini- 
mum Host to UPI-452 initialization sequence. All fur- 
ther initialization and configuration of the UPI-452, in- 
cluding the FIFO, is done by the internal CPU under 
user program control. No interaction or programming 
is required by the Host 80286 for UPI-452 initializa- 
tion. 


At power-on reset the UPI-452 automatically enters 
FIFO DMA Freeze Made by resetting the Slave Con- 
trol (SLCON) SFR FIFO DMA Freeze/Normal 
Mode 
bit to FIFO DMA Freeze Mode (FRZ = "0"). This 
forces the Slave Status (SSTAT) and 
Host 
Status 
(HSTAT) SFR FIFO DMA Freeze/Normal 
Mode bits 
to FIFO DMA Freeze Mode In Progress. -FIFO DMA 
Freeze Mode allows the FIFO interface to be config- 
ured, by the internal CPU, while inhibiting Host access 
to the FIFO. 


The MODE SFR is forced to zero at reset. This dis- 
ables, (tri-states) the DRQIN/INTRQIN, 
DRQOUT/ 
INTRQOUT 
and INTRQ output pins. INTRQ is in- 
hibited from going active to reflect the fact that a Host 
Status SFR bit, FIFO DMA Freeze Mode, is active. If 
the MODE 
SFR 
INTRQ 
configure bit is enabled 
(='1'), 
before the Slave Control and Host Status SFR 
FIFO DMA Freeze/Normal 
Mode bit is set to Normal 
Mode, INTRQ will go active immediately. 


The first action by the Hos{ following reset is to read 
the UPI-452 Host Status SFR Freeze/Normal 
Mode 
bit to determine the status of the interface. This may be 
done in response to a UPI-452 INTRQ interrupt, or by 
polling the Host Status SFR. Reading the Host Status 
SFR resets the INTRQ line low. 


Any of the five FIFO interface SFRs, as well as a vari- 
ety of additional features, may be programmed by the 
internal CPU following reset. At power-on reset, the 
five FIFO Special Function Registers are set to their 
default values as listed in Table 1. All reserved location 
bits are set to one, all other bits are set to zero in these 
three SFRs. The FIFO SFRs listed in Table I can be 
programmed only while the UPI-452 is in FIFO DMA 
Freeze Mode. The balance of the UPI-452 SFRs default 
values and descriptions are listed in the UPI-452 Ad- 
vance Data Sheet in the Intel Microsystems Compo- 
nent Handbook Volume 11and Microcontroller Hand- 
book. 


The above sequence is the minimum UPI-452 internal 
initialization required. The last initialization instruction 
must always set the UPI-452 to Normal Mode. This 
causes the UPI-452 to exit Freeze Mode and enables 


Host read/write access of the FIFO. The internal CPU 
sets the Slave Control (SLCON) SFR FIFO 
DMA 
Freeze/Normal 
Mode (FRZ) bit high (= I) to activate 
Normal Mode. Ths causes the Slave Status (SSTAT) 
and Host Status (HSTAT) SFR FIFO DMA Freeze 
Mode bits to be set to Normal Mode. Table 2, UPI-452 
Initialization Event Sequence Example, shows a sum- 
mary of the initialization events described above. 


Table 
1. FIFO Special 
Function 
Register 
Default 
Values 


SFR Name 
Label 
Reset 
Value 


Channel Boundary Pointer 
CBP 
40H/64D 
Output Channel Read Pointer 
ORPR 
40H/64D 
Output Channel Write Pointer 
OWPR 
40H/64D 
Input Channel Read Pointer 
IRPR 
OOH/OD 
Input Channel Write Pointer 
IWPR 
OOH/OD 
Input Threshold 
ITH 
OOH/OD 
Output Threshold 
OTH 
01H/1D 


Table 2. UPI-452 
Initialization 
Event Sequence 
Example 


Event Description 
SFR/blt 


Power-on Reset 


UPI-452 forces FIFO DMA 
SLCON FRZ = 0 
Freeze Mode (Host access to 
FIFO inhibited) 


UPI-452 forces Slave Status and 
SSTAT SST5 = 0 
Host Status SFR to FIFO DMA 
HSTAT HST1 = 1 
Freeze Mode In Progress 


UPI-452 forces all SFRs, 
including FIFO SFRs, to default 
values. 


• UPI-452 user program enables 
MODEMD4 
= 1 
INTRa, INTRa goes active, high 


• Host READ's UPI-452 Host 
Status (HSTAn SFR to 
determine interrupt source, 
INTRa goes low 


• UPI-452 user program initializes 
any other SFRs; FIFO, Interrupts, 
Timers/Counters, 
etc. 


User program sets Slave Control 
SLCON FRZ = 1 
SFR to Normal Mode (Host 
access to FIFO enabled) 


UPI-452 forces Slave and Host 
SSTAT SST5 = 1 
Status SFRs bits to Normal 
HSTAT HST1 = 0 
Operation 


• Host polls Host Status SFR to 
determine when it can access the 
FIFO 
- or- 
• Host waits for UPI-452 Request 
for Service interrupt to access 
FIFO 


• user option 
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452 FIFO buffer. The third, Immediate Commands, 
provides a means of bypassing the FIFO entirely. These 
three data types are in addition to direct access by ei- 
ther Host or Internal CPU of dedicated Status and 
Control Special Function Registers (SFR). 


The FIFO appears to both the Host 80286 and the in- 
ternal CPU as 8 bits wide. Internally the FIFO is logi- 
cally nine bits wide. The ninth bit indicates whether the 
byte is a data or a Data Stream Command (DSC) byte; 
o = data, I = DSC. The ninth bit is set by the FIFO 
logic in response to the address specified when writing 
to the FIFO by either Host or internal CPU. The FIFO 
uses the ninth bit to condition the UPI-452 interrupts 
and status flags as a byte is made available for a Host or 
internal CPU read from the FIFO. Figures 2 and 3 
show the structure of each FIFO channel and the logi- 
cal ninth bit. 


It is important to note that both data and DSCs are 
actually entered into the FIFO buffer (see Figures 2 
and 3). External addressing of the FIFO determines the 
state of the internal FIFO logic ninth bit. Table 3 shows 
the UPI-452 External Address Decoding used by the 
Host and the corresponding action. The internal CPU 
interface to the FIFO is essentially identical to the ex- 
ternal Host interface. Dedicated internal Special Func- 
tion Registers provide the interface between the FIFO, 
internal CPU and the internal two channel DMA proc- 
essor. FIFO read and write operations by the Host and 
internal CPU are interleaved by the UPI-452 so they 
appear to be occurring simultaneously. 


The ninth bit provides a means of supporting two data 
types within the FIFO buffer. This feature enables the 
Host and UPI-452 to transfer both commands and data 
while maintaining the decoupled interface a FIFO buff- 
er provides. The logical ninth bit provides both a means 
of embedding commands within a block of data and a 
means for the internal CPU, or external Host, to dis- 
criminate between data and commands. Data or DSCs 
may be written in any order desired. Data Stream 


is done by appending a DSC to the end of a block of 
data entered in the FIFO which is less than the pro- 
grammed threshold number of bytes. The DSC will 
cause an interrupt, if enabled, to the respective receiv- 
ing CPU. This ensures that a less than Threshold num- 
ber of bytes in the FIFO will be read. Two conditions 
force a Request for Service interrupt, if enabled, to the 3 
Host. The first is due to a Threshold number of bytes 
having been written to the FIFO Output channel; the 
second is if a DSC is written to the Output FIFO chan- 
nel. If less than the Threshold number of bytes are writ- 
ten to the Output FIFO channel, the Host Status SFR 
flag will not be set, and a Request for Service interrupt 
will not be generated, if enabled. By appending a DSC 
to end of the data block, the FIFO Request for Service 
flag and/or interrupt will be generated. 


An example of a FIFO Flush application is a mass stor- 
age subsystem. The UPI-452 provides the system inter- 
face to a subsystem which supports tape and disk stor- 
age. The FIFO size is dynamically changed to provide 
the maximum buffer size for the direction of transfer. 
Large data blocks are the norm in this application. The 
FIFO Flush provides a means of purging the FIFO of 
the last bytes of a transfer. This guarantees that the 
block, no matter what its size, will be transmitted out of 
the FIFO. 


Immediate Commands allow more direct communica- 
tion between the Host processor and the UPI-452 by 
bypassing the FIFO in either direction. The Immediate 
Command IN and OUT SFRs are two more unique 
address locations externally and internally addressable. 
Both DSCs and Immediate Commands have internal 
interrupts and interrupt priorities associated with their 
operation. The interrupts 
are enabled or disabled by 
setting 
corresponding 
bits 
in 
the 
Slave 
Control 
(SLCON), Interrupt 
Enable (1EC), Interrupt 
Priority 
(IPC) and Interrupt Enable and Priority (IEP) SFRs. A 
detailed description of each of these may be found in 
the UPI-452 Advance Information Data Sheet. 
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Table 3. UPI-452 
External 
Address 
Decoding 


DACK 
CS 
A2 
A1 
AO 
READ 
WRITE 


1 
1 
X 
X 
X 
No Operation 
No Operation 
1 
0 
0 
0 
0 
Data or DMA from 
Data or DMA to 
Output FIFa Channel 
Input FIFa Channel 


1 
0 
0 
0 
1 
Data Stream Command 
Data Stream Command 
from Output FIFa 
to Input FIFa 
Channel 
Channel 
1 
0 
0 
1 
0 
Host Status SFR 
Reserved 
Read 
1 
0 
0 
1 
1 
Host Control SFR 
Host Control SFR 
Read 
Write 
1 
0 
1 
0 
0 
Immediate 
Command 
Immediate 
Command 
SFR Read 
SFRWrite 
1 
0 
1 
1 
X 
Reserved 
Reserved 


0 
X 
X 
X 
X 
DMA Data from 
DMA Data to Input 
Output FIFa Channel 
FIFa Channel 


Below is a detailed description of each FIFO channel's 
operation, including the FIFq 
logic response to the 
ninth bit, as a byte moves through the channel. The 
description covers each of the three data types for each 
channel. The details below provide a picture of the vari- 
ous FIFO features and operation. By understanding the 
FIFO structure and operation the user can optimize the 
interface to meet the requirements of an individual de- 
sign. 


OUTPUT CHANNEL 


This section covers the data path from the internal 
CPU to the HOST. Data Stream Command or Immedi- 
ate Command processing during Host DMA Opera- 
tions is covered in the DMA section. 


UPI-452 Internal Write to the FIFO 


The internal CPU writes data and Data Stream Com- 
mands into the FIFO through the FIFO OUT (FOUT) 
and Command OUT (COUT) SFRs. When a Thresh- 
old number of bytes has been written, the Host Status 
SFR Output FIFO Request for Service bit is set and an 
interrupt, if enabled, is generated to the Host. Either 
the INTRQ 
or DRQOUT/INTRQOUT 
output pins 
can be used for this interrupt 
as determined by the 
MODE and Host Control (HCON) SFR setting. The 
Host responds tothe 
Request for Service interrupt by 
reading the Host Status (HSTAT) SFR to determine 
the source of the interrupt. The Host then reads the 
Threshold number of bytes from the FIFO. The inter- 
nal CPU may continue to write to the FIFO during the 
Host read of the FIFO Output channel. 
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Data Stream Commands may be written to the Output 
FIFO channel at any time during a write of data bytes. 
The write instruction need only specify the Command 
Out (COUT) SFR in the direct register instruction 
used. Immediate Commands may also be written at any 
time to the Immediate Command OUT (IMOUT) SFR. 
The Host reads Immediate Commands from the Imme- 
diate Command OUT (IMOUT). 


The internal CPU can determine the number of bytes to 
write to the FIFO Output channel in one of three ways. 
The first, and most efficient, is by utilizing the internal 
DMA processor which will automatically manage the 
writing of data to avoid Underrun or Overrun Errors. 
The second is for the internal CPU to read the Output 
FIFO channels Read and Write Pointers and compare 
their values to determine the available space. The third 
method for determining the available FIFO space is to 
always write the programmed channel size number of 
bytes to the Output FIFO. This method would use the 
Overrun Error flag and interrupt to halt FIFO writing 
whenever the available space was less than the channel 
size. The interrupt service routine could read the chan- 
nel pointers to determine or monitor the available chan- 
nel space. The time required for the internal CPU to 
write data to the Output FlFO channel is a function of 
the individual instruction cycle time and the number of 
bytes to be written. 


Host Read from the FIFO 


The Host reads data or Data Stream Commands (DSC) 
from 
the 
FIFO 
in 
response 
to 
the 
Host 
Status 
(HSTAT) SFR flags and interrupts, 
if enabled. All 
Host read operations access the same UPI-452 internal 
I/O 
Buffer Latch. At the end of the previous Host 
FIFO read cycle a byte is loaded from the FIFO into 
the I/O Buffer Latch and Host Status (HSTAn SFR 
bit 5 is set or cleared (1 = DSC, 0 = data) to reflect 
the state of the byte's FIFO ninth bit. If the FIFO ninth 
bit is set (= 1) indicating a DSC, an interrupt is gener- 
ated 
to 
the 
external 
Host 
via 
INTRQ 
pin 
or 
INTRQIN/INTRQOUT 
pins as determined by Host 
Control (HCON} SFR bit 1. The Host then reads the 
Host Status (HSTAT) SFR to determine the source of 
the interrupt. 


The most efficient Host read operation of the FIFO 
Output channel is through the use of Host DMA. The 
UPI-452 fully supports external DMA handshaking. 
The MODE and Host Control SFRs control the config- 
uration of UPI-452 Host DMA handshake outputs. If 
Host DMA is used the Threshold Request for Service 
interrupt 
asserts 
the 
UPI-452 
DMA 
Request 
(DRQOUT) 
output. 
The Host DMA 
processor ac- 
knowledges with DACK which acts as a chip select of 
the FIFO channels. The DMA transfer would stop 
when either the threshold byte count had been read, as 
programmed in the Host DMA processor, or when the 
DRQOUT output is brought inactive by the UPI-452. 


INPUT CHANNEL 


This section covers the data path from the HOST to the 
internal CPU or internal DMA processor. The details 
of Data Stream Command or Immediate Command 
processing during internal DMA operations are cov- 
ered in the DMA section below. 


Host Write to the FIFO 


The Host writes data and Data Stream Commands into 
the FlFO through the FIFO IN (FIN) and Command 
IN (CIN) SFRs. When a Threshold number of bytes 
has been read out of the Input FIFO channel by the 
internal CPU, the Host Status SFR Input FIFO Re- 
quest for Service bit is set and an interrupt, if enabled, 
is generated to the Host. The Input FIFO Threshold 
interrupt tells the Host that it may write the next block 
of data into the FIFO. Either the INTRQ or DRQIN/ 
INTRQIN output pins can be used for this interrupt as 
determined by the MODE and Host Control (HCON) 
SFR settings. The Host may continue to write to the 
FIFO Input channel during the internal CPU read of 
the FIFO. Data Stream Commands may be written to 
the FlFO Input channel at any time during a write of 
data bytes. Immediate Commands may also be written 
at any time to the Immediate Command IN (IMIN) 
SFR. 
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The Host also has three methods for determining the 
available FIFO space. Two are essentially identical to 
that of the internal CPU. They involve reading the 
FIFO Input channel pointers and using the Host Status 
SFR Underrun and Overrun Error flags and Request 
for Service interrupts these would generate, if enabled 
in combination. The third involves using the UPI-452 
Host DMA controller handshake signals and the pro- 
grammed Input FIFO Threshold. The Host would re- 
ceive a Request for Service interrupt when an Input 
FIFO channel has a Theshold number of bytes able to 
be written by the Host. The Host service routine would 
then write the Threshold number of bytes to the FIFO. 


If a Host DMA is used to write to the FIFO Input 
channel, the Threshold Request for Service interrupt 
could assert the UPI-452 DRQIN 
output. The Host 
DMA processor would assert DACK and the FIFO 
write would be completed by Host the DMA processor. 
The DMA transfer would stop when either the Thresh- 
old byte count had been written or the DRQIN output 
was removed by the UPI-452. Additional details on 
Host and internal DMA operation is given below. 


Internal Read of the FIFO 


At the end of an internal CPU read cycle a byte is 
loaded from the FIFO buffer into the FIFO IN/Com- 
mand IN SFR and Slave Status (SSTAT) SFR bit 1 is 
set or cleared (1 = data, 0 = DSC) to reflect the state 
of the FIFO ninth bit. If the byte is a DSC, the FIFO 
ninth bit is set (= 1) and an interrupt is generated, if 
enabled, to the Internal CPU. The internal CPU then 
reads the Slave Status (SSTAT) SFR to determine the 
source of the interrupt. 


Immediate Commands are written by the Host and 
read by the internal CPU through the Immediate Com- 
mand IN (IMIN) SFR. Once written, an Immediate 
Command sets the Slave Status (SSTAT) SFR flag bit 
and generates an interrupt, if enabled, to the internal 
CPU. In response to the interrupt the internal CPU 


reads the Slave Status (SSTAT) SFR to determine the 
source of the interrupt and service the Immediate Com- 
mand. 


FIFO INPUT IOUTPUT 
CHANNEL 
SIZE 


Host 


The Host does not have direct control of the FIFO 
Input or Output channel sizes or configuration. The 
Host can, however, issue Data Stream Commands or 
Immediate Commands to the UPI-452 instructing the 
UPI-452 to reconfigure the FIFO interface by invoking 
FIFO 
DMA Freeze Mode. The Data Stream Com- 
mand or Immediate Command would be a vector to a 
service routine which performs the specific reconfigura- 
tion. 


UPI-452 Internal 


The default power-on reset FIFO channel sizes are list- 
ed in the "Initialization" section and can be set only by 
the internal CPU during FIFO DMA Freeze Mode. 
The FIFO channel size is selected to achieve the opti- 
mum application 
performance. 
The entire 
128 byte 
FIFO can be allocated to either the Input or Output 
channel. In this case the other channel consists of a 
single SFR; FIFO IN/Command 
IN or FIFO OUT/ 
Command OUT SFR. Figure 4 shows a FIFO division 
with a portion devoted to each channel. Figure 5 shows 
a FIFO configuration with all 128 bytes assigned to the 
Output channel. 


The FIFO channel Threshold feature allows the user to 
match the FIFO channel size and the performance of 
the internal and Host data transfer rates. The pro- 
grammed Threshold provides an elasticity to the data 
transfer operation. An example is if the Host FIFO 


HOST CPU 


FIFO 
INPUT 
CHANNEL 


FlFO 
OUTPUT 
CHANNEL 


CHANNEL 
BOUNDRY -+ 
POINTER 
(CBP) 


HOST CPU 
292018-4 


INTERNAL 
CPU 


FlFO IN SFR 


nro OUT SFR 


Figure 4. Full Duplex F,'FO Operation 
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HOST CPU --+I 
FIFO IN SFR 1-+ 


CHANNEL 
INTERNAL 
BOUNDRY -+ 
CPU 
POINTER 
FIFO 
(CBP) 
INPUT H 
FIFO OUT SFR I+- 


CHANNEL 


! 
HOST CPU 
292018-5 


Figure 5. Entire FIFO Assigned 
to Output Channel 


data transfer rate is twice as fast as the internal FIFO 
DMA data transfer rate. In this example the FIFO In- 
put channel size is programmed to be 64 bytes and the 
Input channel Threshold is programmed to be 20 bytes. 
The Host writes the first 64 bytes to the Input FIFO. 
When the internal DMA processor has read 20 bytes 
the Threshold interrupt, or DMA request (DRQIN), is 
generated to signal the Host to begin writing more data 
to the Input FIFO channel. The internal DMA proces- 
sor continues to read data from the Input channel as 
the Host, or Host DMA processor, writes to the FIFO. 
The Host can write 40 bytes to the FIFO Input chan- 
nels in the time it takes for the internal DMA processor 
to read 20 more bytes from it. This will keep both the 
Host and internal DMA operating at their maximum 
rates without forcing one to wait for the other. 


Two methods of managing the FIFO size are possible; 
fixed and variable channel size. A fixed channel size is 
one where the channel is configured at initialization 
and remains unchanged throughout program execution. 
In a variable FIFO channel size, the configuration is 
changed dynamically to meet the data transmission re- 
quirements as needed. An example of a variable chan- 
nel size application is the mass storage subsystem de- 
scribed earlier. To meet the demands of a large data 
block transfer the FIFO size could be fully allocated to 
the Input or Output channel as needed. The Thresholds 
are also reprogrammed 
to match the respective data 
transfer rates. 


An example of a fixed channel size application might be 
one which uses the UPI-452 to directly control a series 
of stepper motors. The UPI-452 manages the motor 
operation and status as required. This would include 
pulse train, acceleration, deceleration 
and feedback. 
The Host transmits motor commands to the UPI-452 in 
blocks of 6-10 bytes. Each block of motor command 
data is preceded by a command to the UPI-452 which 
selects a specific motor. The UPI-452 transmits blocks 
of data to the Host which provides motor and overall 
system status. 
The data 
and embedded 
commands 
structure, indicating the specific motor, is the same. In 


this example the default 64 bytes per channel might be 
adequate for both channels. 


INTERRUPT 
RESPONSE 
TIMING 


Interrupts enable the Host UPI-452 FIFO buffer inter- 
face and the internal CPU FIFO buffer interface to 
operate with a minimum of overhead on the respective 
CPU. Each CPU is "interrupted" 
to service the FIFO 
on an as needed basis only. In configuring the FIFO 
buffer Thresholds and choosing the appropriate inter- 
nal DMA Mode the user must take into account the 
interrupt response time for both CPUs. These response 
times will affect the DMA transfer rates for each chan- 
nel. By choosing FIFO channel Thresholds which re- 
flect both the respective DMA transfer rate and the 
interrupt response time the user will achieve the maxi- 
mum data throughput and system bus decoupling. This 
in turn will mean the overall available system bus band- 
width will increase. 


The following section describes the FIFO interrupt in- 
terface to the Host and internal CPU. It also describes 
an analysis of sample interrupt response times for the 
Host and UPI-452 internal CPU. These equations and 
the example times shown are then used in the DMA 
section to further analyze an optimum Host UPI-452 
interface. 


HOST 


Interrupts to the Host processor are supported by the 
three 
UPI-452 
output 
pins; 
INTRQ, 
DRQIN/ 
INTRQIN 
and DRQOUT/INTRQOUT. 
INTRQ is a 
general purpose Request For Service interrupt output. 
DRQIN/INTRQIN 
and DRQOUT/INRQOUT 
pins 


are multiplexed to provide two special "Request for 
Service" FIFO interrupt request lines when DMA is 
disabled. A FIFO Input or Output channel Request for 
Service interrupt is generated based upon the value pro- 
grammed in the respective channel's Threshold SFRs; 
Input 
Threshold 
(ITHR), 
and 
Output 
Threshold 
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(OTHR) SFRs. Additional interrupts are provided for 
FIFO 
Underrun 
and Overrun 
Errors, 
Data Stream 
Commands, and Immediate Commands. Table 4 lis.ts 
the eight UPI-452 interrupt sources as they appear 
III 
the HSTAT SFR to the Host processor. 


Table 4 UPI·452 to Host Interrupt 
Sources 


HSTAT 
Interrupt 
Source 
SFR Bit 


HST7 
Output FIFa 
Underrun 
Error 


HST6 
Immediate 
Command 
Out SFR Status 


HST5 
Data Stream Command/Data 
at Output 
FIFa Status 


HST4 
Output FIFa 
Request 
for Service Status 


HST3 
Input FIFa Overrun 
Error Condition 


HST2 
Immediate 
Comamnd 
In SFR Status 


HST1 
FIFa 
DMA Freeze/Normal 
Mode 
Status 


HSTO 
Input FIFa Request 
for Service 


The interrupt response time required by the Host proc- 
essor is application and system specific. In general, a 
typical sequence of Host interrupt response events and 
the approximate times associated with each are listed in 
Equation I. 


The 
example 
assumes 
the 
hardware 
configuration 
shown in Figure 1,iAPX 286/UPI-452 Block Diagram, 
with an 8259A Programmable 
Interrupt 
Controller. 
The timing analysis in Equation 1 also assumes the fol- 
lowing; no other interrupt is either in process or pend- 
ing, nor is the 286 in a LOCK condition. The current 
instruction completion time is 8 clock cycles (800 ns @ 
10 MHz), or 4 bus cycles. The interrupt service routine 
first executes a PUSHA instruction, PUSH All General 
Registers, to save all iAPX 286 internal registers. This 
requires 19 clocks (or 2.0 p..s @ 10 MHz), or 10 bus 
cycles (rounded to complete bus cycle). The next serv- 
ice routine instruction reads the UPI-452 Host Status 
SFR to determine the interrupt source. 


It is important to note that any UPI-452 INTRQ inter- 
rupt service routine should ALWAYS mask for the 
Freeze Mode bit first. This will insure that Freeze 
Mode always has the highest priority. This will also 
save the time required to mask for bits which are forced 
inactive during 
Freeze 
Mode, before checking the 
Freeze Mode bit. Access to the FIFO channels by the 
Host is inhibited during Freeze Mode. Freeze Mode is 
covered in more detail below. 


To initiate the interrupt 
the UPI-452 
activates the 
INTRQ output. The interrupt acknowledge sequence 
requires two bus cycles, 400 ns (10 MHz iAPX 286), 
for the two INT A pulse sequence. 


Equation 
1. Host Interrupt 
Response 
Time 


Time 
Bus 
Cycles' 
Action 


Current instruction 
execution 
completion 
INT A sequence 
Interrupt 
service routine (time 
to host first READ of UPI-452) 


Total Interrupt 
Response 
Time 


800 ns 
400 ns 
4 
2 


2000 ns 
10 


2.3 p..s 
16 


NOTE: 
10 MHz iAPX 286 bus cycle, 200 ns each 


UPI-452 Internal 


The internal CPU FIFO interrupt interface is essential- 
ly identical to that of the Host to the FIFO. Three 
internal interrupt sources support the FIFO operation; 
FIFO-Slave bus Interface Buffer, DMA Channel 0 and 
DMA Channel 1 Requests. These interrupts provide a 
maximum decoupling of the FIFO buffer and the inter- 
nal CPU. The four different internal 
DMA 
Modes 
available add flexibility to the interface. 


The FIFO-Slave Bus Interface interrupt 
response is 
also similar to the Host response to an INTRQ Request 
for Service interrupt. The internal CPU responds to the 
interrupt by reading the Slave Status (SSTAT) SFR to 
determine the source of the interrupt. This allows the 
user to prioritize the Slave Status flag response to meet 
the users application needs. 


The internal interrupt response time is dependent on 
the current instruction execution, whether the interrupt 
is enabled, and the interrupt priority. In general, to fin- 
ish execution of the current instruction, respond to the 
interrupt request, push the Program Counter (PC) and 
vector to the first instruction of the interrupt service 
routine requires from 38 to 86 oscillator periods (2.38 
to 5.38 p..s @ 16 MHz). If the interrupt is due to an 
Immediate Command or DSC, additional time is re- 
quired to read the Immediate Command or DSC SFR 
and vector to the appropriate 
service routine. This 
means two service routines back to back. One service 
routine to read the Slave Status (SSTAT) SFR to deter- 
mine the source of the Request for Service interrupt, 
and second the service routine pointed to by the Imme- 
diate Command or DSC byte read from the respective 
SFR. 
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DMA is the fastest and most efficient way for the Host 
or internal CPU to communicate with the FIFO buffer. 
The UPI-452 provides support for both of these DMA 
paths. The two DMA paths and operations are fully 
independent of each other and can function simulta- 
neously. While the Host DMA processor is performing 
a DMA transfer to or from the FIFO, the UPI-452 
internal DMA processor can be doing the same. 


Below are descriptions of both the Host and internal 
DMA operations. Both DMA paths can operate asyn- 
chronously and at different transfer rates. In order to 
make the most of this simultaneous asynchronous oper- 
ation it is necessary to calculate the two transfer rates 
and accurately match their operations. Matching the 
different transfer rates is done by a combination of ac- 
curately programmed FIFO channel size and channel 
Thresholds. This provides the maximum Host and in- 
ternal CPU to FIFO buffer interface decoupling. Below 
is a description of each of the two DMA operations and 
sample calculations for determining transfer rates. The 
next section of this application note, "Interface Laten- 
cy", details the considerations involved in analyzing ef- 
fective transfer rates when the overhead associated with 
each transfer is considered. 


HOST FIFO DMA 


DMA transfers between the Host and UPI-452 FIFO 
buffer are controlled by the Host CPU's DMA control- 
ler, and is independent of the UPI-452's internal two 
channel DMA processor. The UPI-452's internal DMA 
processor supports data transfers between the UPI-452 
internal RAM, external RAM (via the Local Expansion 
Bus) and the various Special Function Registers includ- 
ing the FIFO Input and Output channel SFRs. 


The maximum DMA transfer rate is achieved by the 
minimum DMA transfer cycle time to accomplish a 
source to destination move. The minimum Host UPI- 
452 FIFO DMA cycle time possible is determined by 
the READ and WRITE pulse widths, UPI-452 com- 
mand recovery times in relation to the DMA transfer 
timing and DMA controller transfer mode used. Table 
5 shows the relationship between the iAPX-286, iAPX- 
186 and UPI-452 for various DMA as well as non- 
DMA byte by byte transfer modes versus processor fre- 
quencies. 


Host processor speed vs wait states required with UPI- 
452 running at 16 MHz: 


Table 5. Host UPI-452 
Data Transfer 
Performance 


Wait States: 
DMA: 
Processor & 
Back to Back 
Single 
Two 
Speed 
READI 
Cycle 
WRITE's 
Cycle 


iAPX-186' 
8MHz 
0 
N/A' 
0 
10 MHz 
0 
N/A' 
0 
12.5 MHz 
1 
N/A* 
0 
iAPX-286" 
6 MHz 
0 
0 
0 
8MHz 
1 
1 
0 
10MHz 
2 
2 
0 


NOTES: 
• iAPX186 On-ChipDMAprocessor is two cycle operation 
only. 
•• iAPX286 assumes 82258 ADMA(or other DMA)run- 
ning286 bus cycles at 286 clock rate. 


In this application note system example, shown in Fig- 
ure 1, DMA operation is assumed to be two bus cycle 
I/O to memory or memory to I/O. Two cycle DMA 
consists of a fetch bus cycle from the source and a store 
bus cycle to the destination. The data is stored in the 
DMA controller's registers before being sent to the des- 
tination. Single cycle DMA transfers involve a simulta- 
neous fetch from the source and store to the destina- 
tion. As the most common method of I/O-memory 
DMA operation, two cycle DMA transfers are the fo- 
cus of this application note analysis. Equation 2 illus- 
trates a calculation of the overall transfer rate between 
the FIFO buffer and external Host for a maximum 
FIFO size transfer. The equation does not account for 
the latency of initiating the DMA transfer. 


Equation 
2. Host FIFO DMA Transfer 
Rate-Input 
or Output Channel 


2 
Cycle DMATransfer-I/O 
(UPI-452) to System 
Memory 
FIFa channel size' 
(DMAREAD/WRITE 
FIFa time + DMAWRITE/READ Memory 
Time) 
128 bytes' 
(200 ns + 200 ns) 
51.2 p..s 
256 bus cycles' 


NOTES: 
'10 MHz iAPX 286, 200 ns bus cycles. 


The UPI-452 design is optimized for high speed DMA 
transfers between the Host and the FIFO buffer. The 


3-15 


• 


intel.. 
AP-281 


UPI-452 internal FIFO butTer control logic provides 
the necessary synchronization of the external Host 
event and the internal CPU machine cycle during 
UPI-452 RD/WR accesses.This internal synchroniza- 
tion is addressed by the TCC AC specification of the 
UPI-452 shown in Figure 6. TCC is the time from the 
leading or trailing edge of a UPI-452 RD/WR to the 
same edge of the next UPI-452 RD/WR. 
The TCC 
time is etTectivelyanother way of measuring the system 
bus cycle time with reference to UPI-452 accesses. 


In the iAPX-286 10MHz system depicted in this appli- 
cation note the bus cycle time is 200 ns. Alternate cycle 
accessesof the UPI-452 during two cycle DMA opera- 
tion yields a TCC time of 400 ns which is more than the 
TCC minimum time of 375 ns. Back to back Host 
UPI-452 READ/wRITE 
accesses may require wait 


states as shown in Table 5. The difference between 10 
MHz iAPX-186 and 10 MHz iAPX 286 required wait 
states is due to the number of clock cyclesin the respec- 
tive bus cycle timings. The four clocks in a 10 MHz 
iAPX 186 bus cycle means a minimum TCC time of 
400 ns versus 200 ns for a 10MHz iAPX 286 with two 
clock cycle zero wait state bus cycle. 


DMA handshaking between the Host DMA controller 
and the UPI-452 is supported by three pins on the UPI- 
452; 
DRQIN/INTRQIN, 
DRQOUT/INTRQOUT 
and DACK. The DRQIN/INTRQIN 
and DRQOUT/ 
INTRQOUT outputs are two multiplexed DMA or in- 
terrupt request pins. The function of these pins is con- 
trolled by MODE SFR bit 6 (MD6). DRQIN and 
DRQOUT provide a direct interface to the Host system 
DMA controller (see Figure I). In response to a 
DRQIN or DRQOUT request, the Host DMA control- 
ler initiates control of the system bus using HLD/ 
HLDA. The FIFO Input or Output channel transfer is 
accomplished with a minimum of Host overhead and 
system bus bandwidth. 


The third handshake signal pin is DACK which is used 
as a chip select during DMA data transfers. The UPI- 
452 Host READ and WRITE input signals select the 
respective Input and Output FIFO channel during 
DMA transfers. The CS and address lines provide 
DMA acknowledge for processors with onboard DMA 
controllers which do not generate a DACK signal. 


The iAPX 286 Block I/O Instructions provide an alter- 
native to two cycle DMA data transfers with approxi- 
mately the same data rate. The String Input and Out- 
put instructions (INS & OUTS) when combined with 
the Repeat (REP) prefix, modifies INS and OUTS to 
provide a means of transferring blocks of data between 
I/O and Memory. The data transfer rate using REP 
INS/OUTS instructions is calculated in the same way 
as two cycle DMA transfer times. Each READ or 
WRITE would be 200 ns in a 10 MHz iAPX 286 sys- 
tem. The maximum transfer 
rate 
possible is 2.5· 


MBytes/second. The Block I/O FIFO data transfer 
calculation is the same as that shown in Equation 2 for 
two cycle DMA data transfers including TCC timing 
etTects. 


FIFO Data Structure 
and Host DMA 


During a Host DMA write to the FIFO, if a DSC is to 
be written, the DMA transfer is stopped, the DSC is 
written and the DMA restarted. During a Host DMA 
read from the FIFO, if a DSC is loaded into the I/O 
ButTerLatch the DMA request, DRQOUT, will be de- 
activated (see Figure 2 above). The Host 
Status 


(HSTAT) SFR Data Stream Command bit is set and 
the INTRQ interrupt output goes active, if enabled. 
The Host responds to the interrupt as described above. 


cs# 
\ 
I 
\ 
I 
I' 
TCC------l'1 


RD#/WR# ----j""~ I 
~ 
I 


TRR/TWW 
':--- 
TRV ---=:J 
TRR/TWW I. 
c:----------TCC 
,r- 
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Symbol 
Description 
Var.Osc. 
@16MHz 


TCC 
Command 
Cycle 
6' 
Tcicl 
375 ns min 
Time 


TRV 
Command 
Recovery 
75 
75 ns min 


Time 


Figure 
6. UPI-452 Command 
Cycle 
Timing 
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Once INTRQ is deactivated and the DSC has been read 
by the Host, the DMA request, DRQOUT, is reassert- 
ed by the UPI-452. The DMA request then remains 
active until the transfer is complete or another DSC is 
loaded into the I/O Buffer Latch. 


An Immediate Command written by the internal CPU 
during a Host DMA FIFa 
transfer also causes the 
Host Status flag and INTRQ to go active if enabled. In 
this case the Immediate Command would not terminate 
the DMA transfer unless terminated by the Host. The 
INTRQ line remains active until the Host reads the 
Host Status (HSTAT) SFR to determine the source of 
the interrupt. 


The net effect of a Data Stream Command (DSC) on 
DMA data transfer rates is to add an additional factor 
to the data transfer rate equation. This added factor is 
shown in Equation 3. An Immediate Command has the 
same effect on the data transfer rate if the Immediate 
Command interrupt is recognized by the Host during a 
DMA transfer. If the DMA transfer is completed be- 
fore the Immediate Command interrupt is recognized, 
the effect on the DMA transfer rate depends on wheth- 
er the block being transmitted is larger than the FIFa 
channel 
size. If the block is larger than 
the pro- 
grammed FIFa 
channel size the transfer rate depends 
on whether the Immediate Command flag or interrupt 
is recognized between partial block transfers. 


The FIFa 
configuration shown in Equation 3 is arbi- 
trary since there is no way of predicting the size relative 
to when a DSC would be loaded into the I/O Buffer 
Latch. The Host DMA rate shown is for a UPI-452 


(Memory Mapped or I/O) 
to 286 System Memory 
transfer as described earlier. The equations do not ac- 
count for the latency of intiating the DMA transfer. 


Equation 
3. Minimum 
host 
FIFO DMA Transfer 
Rate Including 
Data Stream 
Command(s) 


Minimum 
Host/FIFO 
DMA Transfer 
Rate w/ DSC 
FIFO size" Host DMA 2 cycle time transfer 
rate 
+ iAPX 286 interrupt 
response 
time (Eq. # 1) 
(32 bytes" 
(200 ns + 200 ns)) + 2.3 ,....s 
15.1 ,....s 
75.5 bus cycles (@10 MHz iAPX286, 
200 ns 
bus cycle) 


UPI-452 
INTERNAL 
DMA PROCESSOR 


The two identical internal DMA channels allow high 
speed data transfers from one UPI-452 writable memo- 
ry space to another. The following UPI-452 memory 
spaces can be used with internal DMA channels: 


Internal Data Memory (RAM) 
External Data Memory (RAM) 
Special Function Registers (SFR~ 


The FIFa 
can be accessed during internal DMA opera- 


tions by specifying the FIFa 
IN (FIN) SFR as the 
DMA 
Source Address 
(SAR) 
or the 
FIFa 
OUT 
(FOUT) SFR as the Destination Address (DAR). Ta- 
ble 6 lists the four types of internal DMA transfers and 
their respective timings. 


Table 
6. UPI-452 
Internal 
DMA Controller 
Cycle 
Timings 


Source 
Destination 
Machine 
@12MHz 
@16 MHz 
Cycles·· 


Internal Data 
Internal Data 
Mem.orSFR 
Mem.orSFR 
1 
1 ,....s 
750 ns 
Internal 
Data 
External 
Data 
Mem.orSFR 
Mem. 
1 
1 ,....s 
750 ns 
External 
Data 
Internal 
Data 
Mem. 
Mem.orSFR 
1 
1 ,....S 
750 ns 
• External Data 
External 
Data 
Memory 
Memory 
2 
2,....s 
1.5,....s 


NOTES: 
• External 
Data Memory 
DMA transfer 
applies 
to UPI-452 
Local 
Bus only. 
"MSC-51 
Machine 
cycle 
= 12 clock 
cycles 
(TCLCL). 
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FIFO Data Structure and Internal DMA 
INTERFACE LATENCY 


The effect of Data Stream Commands and Immediate 
Commands on the internal DMA transfers is essentially 
the same as the effect on Host FIFO DMA transfers. 
Recognition also depends upon the programmed DMA 
Mode, the interrupts enabled, and their priorities. The 
net internal effect is the same for each possible internal 
case. The time required to respond to the Immediate or 
Data Stream Command is a function of the instruction 
time required. This must be calculated by the user 
based on the instruction cycle time given in the MSC- 
51 Instruction Set description in the Intel Microcon- 
troller Handbook. 


It is important to note that the internal DMA processor 
modes and the internal FIFO logic work together to 
automatically manage internal DMA transfers as data 
moves into and out of the FIFO. The two most appro- 
priate internal DMA processor modes for the FIFO are 
FIFO Demand Mode and FIFO Alternate Cycle Mode. 
In FIFO Demand Mode, once the correct Slave Con- 
trol and DMA Mode bits are set, the internal Input 
FIFO 
channel 
DMA 
transfer 
occurs whenever the 
Slave Control Input FIFO Request for Service flag is 
set. The DMA 
transfer 
continues until the flag is 
cleared or when the Input FIFO Read Pointer SFR 
(IRPR) equals zero. If data continues to be entered by 
the Host, the internal DMA continues until an internal 
interrupt of higher priority, if enabled, interrupts the 
DMA transfer, the internal DMA byte count reaches 
zero or until the Input FIFO Read Pointer equals zero. 
A complete description of interrupts and DMA Modes 
can be found in the UPI-452 Data Sheet. 


DMAModes 


The internal DMA processor has four modes of opera- 
tion. Each DMA channel is software programmable to 
operate in either Block Mode or Demand Mode. De- 
mand Mode may be further programmed to operate in 
Burst or Alternate Cycle Mode. Burst Mode causes the 
internal processor to halt its' execution and dedicate its 
resources exclusively to the DMA transfer. Alternate 
Cycle Mode causes DMA cycles and instruction cycles 
to occur alternately. 
A detailed description of each 
DMA Mode can be found in the UPI-452 Data Sheet. 


The interface latency is the time required to accommo- 
date all of the overhead associated with an individual 
data transfer. Data transfer rates between the Host sys- 
tem and UPI-452 FIFO, with a block size less than or 
equal to the programmed FIFO channel size, are calcu- 
lated using the Host system DMA 
rate. (see Host 
DMA description above). In this case, the entire block 
could be transferred in one operation. The total latency 
is the time required to accomplish the block DMA 
transfer, the interrupt 
response or poll of the Host 
Status SFR response time, and the time required to ini- 
tate the Host DMA processor. 


A DMA transfer between the Host and UPI-452 FIFO 
with a block size greater than the programmed FIFO 
channel size introduces additional overhead. This addi- 
tional overhead is from three sources; first, is the time 
to actually perform the DMA transfer. Second, the 
overhead of initializing the DMA processor, third, the 
handshaking 
between each FIFO 
block required 
to 
transfer the entire data block. This could be time to 
wait for the FIFO to be emptied and/or 
the interrupt 
response time to restart the DMA transfer of the next 
portion of the block. A fourth component may also be 
the time required to respond to Underrun and Overrun 
FIFO Errors. 


Table 7 shows six typical FIFO Input/Output 
channel 
sizes and the Host DMA transfers times for each. The 
timings shown reflect a 10 MHz system bus two cycle 
I/O to Memory DMA transfer rate of 2.5 MBytes/sec- 
ond as shown in Equation I. The times given would be 
the same for iAPX 286 I/O block move instructions 
REP INS and REP OUTS as described earlier. 


Table 7. Host DMA FIFO Data Transfer 
Times 


FIFOSize: 
32 
43 
64 
85 
96 
128 I bytes 


Full or Empty 
% 
% 
% 
% 
% 
Full or Empty 


Time 
12.8 17.2 25.6 34.0 38.4 
51.21 
p.s 


Table 8 shows six typical FIFO Input/Output 
channel 
sizes and the internal DMA processor data transfers 
times for each. The timings shown are for a UPI-452 
single cycle Burst Mode transfer at 16 MHz or 750 ns 
per machine cycle in or out of the FIFO channels. The 
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machine cycle time is that of the MSC-51 CPU; 6 
states, 2 XTAL2 clock cycles each or 12 clock cycles 
per machine cycle. Details on the MSC-51 machine cy- 
cle timings and operation may be found in the Intel 
Microcontroller Handbook. 


Table 8. UPI-452 Internal DMA FIFO 
Data Transfer 
Times 


FIFOSize: 
32 
43 
64 
85 
96 
128 I bytes 
Full or Empty 
% 
% 
% 
% 
% 
Full or Empty 


Time 
24.0 32.3 48.0 64.6 72.0 
96.0 I 
us 


A larger than programmed FIFO channel size data 
block internal DMA transfer requires internal arbitra- 
tion. The UPI-452 provides a variety of features which 
support 
arbitration 
between the two internal DMA 
channels and the FIFO. An example is the internal 
DMA processor FIFO Demand Mode described above. 
FIFO Demand Mode DMA transfers occur continu- 
ously until the Slave Status Request for Service Flag is 
deactivated. Demand Mode is especially useful for con- 
tinuous data transfers requiring immediate attention. 
FIFO Alternate Cycle Mode provides for interleaving 
DMA transfers and instruction 
cycles to achieve a 
maximum of software flexibility. Both internal DMA 
channels can be used simultaneously to provide contin- 
uous transfer for both Input and Output FIFO chan- 
nels. 


Byte by byte transfers between the FIFO and internal 
CPU timing is a function of the specific instruction cy- 
cle time. Of the 111 MCS-5l instructions, 64 require 12 
clock cycles, 45 require 24 clock cycles and 2 require 48 
clock cycles. Most instructions involving SFRs are 24 
clock cycles except accumulator 
(for example, MOY 
direct, A) or logical operations (ANL direct, A). Typi- 
cal instruction and their timings are shown in Table 9. 


Oscillator Period: 
@ 12 MHz = 83.3 ns 
@ 16 MHz = 62.5 ns 


Table 9. Typical Instruction 
Cycle Timings 


Instruction 
Oscillator 
@12MHz 
@16MHz 
Periods 


MOV directt, A 
12 
1 /Ls 
750 ns 
MOV direct, direct 
24 
2/Ls 
1.5/Ls 


NOTE: 
t Direct = 8-bitinternaldata locations address. This could 
be an InternalData RAM location(0-255) 
or a SFR [i.e., 1/ 
o port. control register, etc.) 


Byte by byte FIFO data transfers introduce an addi- 
tional overhead factor not found in internal DMA op- 
erations. This factor is the FIFO block size to be trans- 
ferred; the number of empty locations in the Output 
channel, or the number of bytes in the Input FIFO 


channel. As described above in the FIFO Data Struc- 
ture section, the block size would have to be deter- 
mined by reading the channel read and write pointer 
and calculating the space available. Another alternative 
uses the FIFO Overrun and Underrun Error flags to 
manage the transfers by accepting error flags. In either 
case the instructions needed have a significant impact 
on the internal FIFO data transfer rate latency equa- 
tion. 


A typical effective internal FIFO channel transfer rate 
using internal DMA is shown in Equation 4. Equation 
5 shows the latency using byte by byte transfers with an 
arbitrary factor added for internal CPU block size cal- 
culation. These two equations contrast 
the effective 
transfer rates when using internal DMA versus individ- 
ual instructions 
to transfer 
128 bytes. The effective 
transfer rate is approximately four times as fast using 
DMA versus using individual instructions (96 /Lswith 
DMA versus 492 /Lsnon-DMA). 


Equation 
4. Effective 
Internal 
FIFO 
Transfer 
Time Using Internal 
DMA 
Effective Internal FIFO Transfer Rate with DMA 
FIFO channel size • Internal DMA Burst Mode 
Single Cycle DMATime 
128 Bytes • 750 ns 
96/Ls 


Equation 
5. Effective 
FIFO Transfer 
Time Using Individual Instructions 
Effective Internal FIFO Transfer 
Rate without DMA 
FIFO channel size • Instruction Cycle Time + 
Block size calculation Time 
128 Bytes • (24 oscillator periods @ 16 MHz) + 
20 instructions (24 oscillator period each 


@ 16 MHz) 
128 • 1.5 /Ls + 300 /Ls 
492/Ls 


FIFO DMA FREEZE 
MODE 
INTERFACE 


FIFO DMA Freeze Mode provides a means of locking 
the Host out of the FIFO Input and Output channels. 
FIFO DMA Freeze Mode can be invoked for a variety 
of reasons. for example, to reconfigure the UPI-452 Lo- 
cal Expansion Bus, or change the baud rate on the seri- 
al channel. The primary reason the FIFO DMA Freeze 
Mode is provided is to ensure that the Host does not 
read from or write to the FIFO while the FIFO inter- 
face is being altered: ONLY the internal CPU has the 
capability of altering the FIFO Special Function Regis- 
ters, and these SFRs can ONLY be altered during 
FIFO DMA Freeze Mode. FIFO DMA Freeze Mode 
inhibits Host access of the FIFO while the internal 
CPU reconfigures the FIFO. 
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FIFO DMA Freeze Mode should not be arbitrarily in- 
voked while the UPI-452 is in normal operation. Be- 
cause the external CPU runs asynchronously to the in- 
ternal CPU, invoking freeze mode without first proper- 
ly resolving the FIFO Host interface may have serious 
consequences. Freeze Mode may be invoked only by 
the internal CPU. 


The internal CPU invokes Freeze Mode by setting bit 3 
of the Slave Control SFR (SC3). This automatically 
forces the Slave and Host Status SFR FIFO DMA 
Freeze Mode to In Progress (SSTAT SSTS = 
0, 
HSTAT SFR HSTl = 1). INTRQ goes active, if en- 
abled by MODE SFR bit 4, whenever FIFO DMA 
Freeze Mode is invoked to notify the Host. The Host 
reads the Host Status SFR to determine the source of 
the interrupt. INTRQ and the Slave and Host Status 
FIFO DMA Freeze Mode bits are reset by the Host 
READ of the Host Status SFR. 


During FIFO DMA Freeze Mode the Host has access 
to the Host Status and Control SFRs. All other Host 
FIFO interface access is inhibited. Table 10 lists the 
FIFO DMA Freeze Mode status of all slave bus inter- 
face Special Function Registers. The internal DMA 
processor is disabled during FIFO DMA Freeze Mode 
and the internal CPU has write access to all of the 
FIFO control SFRs (Table 11). 


If FIFO DMA Freeze Mode is invoked without stop- 
ping the host, only the last two bytes of data written 
into or read from the FIFO will be valid. The timing 
diagram for disabling the FIFO module to the external 
Host interface is illustrated in Figure 7. Due to this 
synchronization sequence, the UPI-452 might not go 
into FIFO DMA Freeze Mode immediately after the 
Slave Control SFR FIFO 7 DMA Freeze Mode bit 
(SC3) is set = O. A special bit in the Slave Status SFR 
(SST5) is provided to indicate the status of the FIFO 
DMA Freeze Mode. The FIFO DMA Freeze Mode 


operations described in this section are only valid after 
SST5 is cleared. 


Either the Host or internal CPU can request FIFO 
DMA Freeze Mode. The first step is to issue an Imme- 
diate Command indicating that FIFO DMA Freeze 
Mode will be invoked. Upon receiving the Immediate 
Command, the external CPU should complete servicing 
all pending interrupts and DMA requests, then send an 
Immediate Command back to the internal CPU ac- 
knowledging the FIFO DMA Freeze Mode request. 
After issuing the first Immediate Command, the inter- 
nal CPU should not perform any action on the FIFO 
until FIFO DMA Freeze Mode is invoked. The hand- 
shaking is the same in reverse if the HOST CPU initi- 
ates FIFO DMA Freeze Mode. 


After the slavebus interface is frozen, the internal CPU 
can perform the operations listed below on the FIFO 
Special Function Registers. These operations are al- 
lowed only during FIFO DMA Freeze Mode. Table 11 
summarizes the characteristics of all the FIFO Special 
Function Registers during Normal and FIFO DMA 
Freeze Modes. 


ForFIFO 
Reconfiguration 
1. Changing the Channel Boundary 


Pointer SFR. 
2. Changing the Input and Output 
Threshold SFR. 


3. Writing to the read and write 


pointers of the Input and Output 
FIFO's. 


4. Writing to and reading the Host 


Control SFRs. 


5. Controlling some bits of Host and 
Slave Status SFRs. 
6. Reading the Immediate Command 
Out SFR and Writing to the Im- 
mediate Command in SFR. 


To Enhance the 
testability 


INTRO OR J 
DROIN!DROOUT 


RDN!WR# 


INTRO J 
! 
_ 


SC5 


HST1 
-J 


:: 
: 
A nro 
RD!WR 
AfTER 
, • _. 
INTERfACE 
fREEZE 
IS 
INVOKED WILL CAUSE 
HST5 OR HST7 TO BE SET 


nro 
INTERNALLY 
STOPPED 
fR0t.4.A1--- 
ACCEPTING OR OUTPUTIlNG 
DATA 


NOTE: 
Timing 
Diagram 
of disabling 
of FIFO Module-External 
Host Interface. 


292018-7 


Figure 7. Disabling 
FIFO to Host Slave Interface 
Timing Diagram 
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The sequence of events for invoking FIFO 
DMA 
Freeze Mode are listed in Figure 8. 


1. Immediate 
Command 
to 
request 
FIFO 
DMA 
Freeze 
Mode (interrupt) 


2. Host/internal 
CPU interrupt 
response/service 


3. Host/internal 
CPU 
clear/service 
all pending 
interrupts 
and FIFO data 


4. Internal 
CPU 
sets 
Slave 
Control 
(SLCON) 
FIFO DMA 


Freeze 
Mode 
bit 
= 
0, 
FIFO 
DMA 
Freeze 
Mode, 
Host 
Status 
SFR 
FIFO 
DMA 
Freeze 
Mode Status bit = 1, INTRQ active 
(high) 


5. Host READ Host Status SFR 


6. Internal 
CPU reconfigures 
FIFO SFRs 


7. Internal 
CPU 
resets 
Slave 
Control 
(SLCON) 
FIFO DMA 


Freeze 
Mode 
bit 
= 
1, Normal 
Mode, 
Host 
Status 
FIFO DMA Freeze 
Mode Status 
bit = 
O. 


8. Internal 
CPU issues 
Immediate 
Command 
to 
Host indicating 
that FIFO DMA Freeze Mode is 
complete 


or 


Host polls Host Status SFR FIFO DMA Freeze 
Mode bit to determine 
end of reconfiguration 


Figure 8. Sequence 
of Events to Invoke 
FIFO DMA Freeze 
Mode 


EXAMPLE 
CONFIGURATION 


An example of the time required to reconfigure the 
FIFO 180 degrees, for example from 128bytes Input to 
128 bytes Output, is shown in Figure 9. The example 
approximates the time based on several assumptions; 
1. The FIFO Input channel is full-128 bytes of data 
2. Output FIFO channel is.empty-l byte 
3. No Data Stream Commands in the FIFO. 


4. The Immediate Command interrupt is responded to 
immediately-highest 
priority-by 
Host and inter- 
nal CPU. 
5. Respective interrupt response times 
a. Host (Equation 3 above) = approximately 1.6 f.Ls 
b. Internal CPU is 86 oscillator periods or approxi- 
mately 5.38 f.Ls worst case. 


Event 
Immediate 
Command 
from Host 
to UPI-452 to request 
FIFO DMA 
Freeze Mode (iAPX286 WRITE) 


Internal CPU interrupt 
response/ 
service 


Internal CPU clears FIFO-128 
bytes DMA 


Internal CPU sets Slave Control 
Freeze Mode bit 


Immediate 
Command 
to Host- 
Freeze Mode in progress 
Host 
Immediate 
Command 
interrupt 
response 


Internal CPU reconfigures 
FIFO 
SFRs 
Channel 
Boundary 
Pointer SFR 
Input Threshold 
SFR 
Output Threshold 
SFR 


Internal CPU resets Slave 
Control 
(SLCON) 
Freeze Mode 
bit = 1, Normal Mode, and 
automatically 
resets Host Status 
FIFO DMA Freeze Mode bit 


Internal CPU writes Immediate 
Command 
Out 


Host Immediate 
Command 
interrupt 
service 


Total Minimum Time to 
Reconfigure 
FIFO 


Time 
0.30 f.Ls 


5.38 f.Ls 


96.00 f.Ls 


0.75 f.Ls 


2.3 f.Ls 


0.75 f.Ls 
0.75 f.Ls 
0.75 f.Ls 


2.3 f.Ls 


0.75 f.Ls 


2.3 f.Ls 


112.33 f.Ls 


Figure 9. Sequence 
of Events to Invoke 
FIFO 
DMA Freeze 
Mode and Timings 
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Table 
10. Slave Bus Interface 
Status 
During 
FIFO DMA Freezer 
Mode 


Interface 
Pins; 
Operation 
In 
Status 
In 
DACK 
CS 
A2 
A1 
AO 
READ 
WRITE 
Normal 
Mode 
Freeze 
Mode 


1 
0 
0 
1 
0 
0 
1 
Read Host Status SFR 
Operational 


1 
0 
0 
1 
1 
0 
1 
Read Host Control SFR 
Operational 


1 
0 
0 
1 
1 
1 
0 
Write Host Control SFR 
Disabled 


1 
0 
0 
0 
0 
0 
1 
Data or DMA data from 
Disabled 
Output Channel 


1 
0 
0 
0 
0 
1 
0 
Data or DMA data to 
Disabled 
Input Channel 
1 
0 
0 
0 
1 
0 
1 
Data Stream Command 
from 
Disabled 
Output Channel 


1 
0 
0 
0 
1 
1 
0 
Data Stream Command 
to 
Disabled 
Input Channel 
1 
0 
1 
0 
0 
0 
1 
Read Immediate 
Command 
Disabled 
Out from Output Channel 


1 
0 
1 
0 
0 
1 
0 
Write Immediate 
Command 
Disabled 
In to Input Channel 
0 
X 
X 
X 
X 
0 
1 
DMA Data from Output 
Disabled 
Channel 
0 
X 
X 
X 
X 
1 
0 
DMA Data to Input Channel 
Disabled 


NOTE: 
X = don't 
care 


Table 
11. FIFO SFR's Characteristics 
During 
FIFO DMA Freeze 
Mode 


Normal 
Freeze 
Mode 
Label 
Name 
Operation 
Operation 
(SST5 = 1) 
(SST5 = 0) 


HCON 
Host Control 
Not Accessible 
Read & Write 
HSTAT 
Host Status 
Read Only 
Read & Write 
SLCON 
Slave Control 
Read & Write 
Read & Write 
SSTAT 
Slave Status 
Read Only 
Read & Write 
t 


IEP 
Interrupt 
Enable 
& Priority 
Read & Write 
Read & Write 
MODE 
Mode Register 
Read & Write 
Read & Write 
IWPR 
Input FIFO Write Pointer 
Read Only 
Read & Write 
IRPR 
Input FIFO Read Pointer 
Read Only 
Read & Write 
OWPR 
Output FIFO Write Pointer 
Read Only 
Read & Write 
OR PR 
Output FIFO Read Pointer 
Read Only 
Read & Write 
CBP 
Channel 
Boundary 
Pointer 
Read Only 
Read & Write 
IMIN 
Immediate 
Command 
In 
Read Only 
Read & Write 
IMONT 
Immediate 
Command 
Out 
Read & Write 
Read & Write 
FIN 
FIFOIN 
Read Only 
Read Only 
CIN 
COMMAND 
IN 
Read Only 
Read Only 
FOUT 
FIFOOUT 
Read & Write 
Read & Write 
COUT 
COMMAND 
OUT 
Read & Write 
Read & Write 
ITHR 
Input FIFO Threshold 
Read Only 
Read & Write 
OTHR 
Other FIFO Threshold 
Read Only 
Read & Write 
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1.0 INTRODUCTION 


The 8044 is a serial communication 
microcontroller 
known as the RUPI (Remote Universal Peripheral In- 
terface). It merges the popular 8051 8-bit microcontrol- 
ler with an intelligent, high performance HOLC/SOLC 
serial communication controller called the Serial Inter- 
face Unit (SIU). The chip provides all features of the 
microcontroller 
and supports the Synchronous Data 
Link Control (SOLe) communications protocol. 


There are two methods of operation relating to frame 
size: 


I) Normal operation (limited frame size) 
2) Expanded operation (unlimited frame size) 


In Normal operation the internal 
192 byte RAM is 


used as the receive and transmit buffer. In this opera- 
tion, the chip supports data rates up to 2.4 Mbps exter- 
nally clocked and 375 Kbps self-clocked. For frame 
sizes greater than 192 bytes, Expanded operation is re- 
quired. In Expanded operation the external RAM, in 
conjunction with the internal RAM, is used as the 
transmit and receive buffer. In this operation, the chip 
supports data rates up to 500 Kbps externally clocked 
and 375 Kbps self-clocked. In both cases, the SIU han- 
dles many of the data link functions in hardware, and 
the chip can be configured in either Auto or Flexible 
mode. 


The discussion that follows describes the operation of 
the chip and the behavior of the serial interface unit. 
Both Normal and Expanded operations will be further 
explained with extra emphasis on Expanded operation 
and its supporting software. Two examples of SOLC 
communication systems will also be covered, where the 
chip is used in Expanded operation. The discussion as- 


sumes that the reader is familiar with the 8044 data 
sheet and the SOLC communications protocol. 


1.1 Normal Operation 


In Normal operation the on-chip CPU and the SIU 
operate in parallel. The SIU handles the serial commu- 
nication task while the CPU processes the contents of 
the on-chip transmit and receiver buffer, services inter- 
rupt routines, or performs the local real time processing 
tasks. 


The 192 bytes of on-chip RAM serves as the interface 
buffer between the CPU and the SIU, used by both as a 
receive and transmit buffer. Some of the internal RAM 
space is used as general purpose registers (e.g. RO-R7). 
The remaining bytes may be-divided into at least two 
sections: one section for the transmit buffer and the 
other section for the receive buffer. In some applica- 
tions, the 192 byte internal RAM size imposes a limita- 
tion on the size of the information field of each frame 
and, consequently, achieves less than optimal informa- 
tion throughput. 


Figure 
1 illustrates the flow of data when internal 
RAM is used as the receive and transmit buffer. The 
on-chip CPU allocates a receive buffer in the internal 
RAM and enables the SIU. A receiving SOLC frame is 
processed by the SIU and the information bytes of the 
frame, if any, are stored in the internal RAM. Then, 
the SIU informs the CPU of the received bytes (Serial 
Channel interrupt). For transmission, the CPU loads 
the transmitting bytes into the internal RAM and en- 
ables the SIU. The SIU transmits the information bytes 
in SOLC format. 
. 
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Figure 1. Transmission/Reception 
Data Flow Using Internal 
RAM 
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1.2 Expanded 
Operation 


Figure 2. Transmission/Reception 
Data Flow Using External RAM 


In Expanded operation the on-chip CPU monitors the 
state of the SIU, and moves data from/to external buff- 
er to/from the internal RAM and registers while recep- 
tion/transmission is taking place. If the CPU must 
service an interrupt during transmission or reception of 
a frame or transmit from internal RAM, the chip can 
shift to Normal operation. 


There is a special function register called SIUST, the 
contents of which dictate the operation of the SIU. 
Also, at data rates lower than 2.4 Mbps, one section of 
the SIU, in fixed intervals during transmission and re- 
ception, is in the "standby" mode and performs no 
function. The above two characteristics make it possi- 
ble to program the CPU to move data to/from external 
RAM and to force the SIU to repeat or skip some de- 
sired hardware tasks while transmission or reception is 
taking place. With these modifications, external RAM 
can be utilized as a transmit and receive buffer instead 
of the internal RAM. 


Figure 2 graphically shows the flow of data when exter- 
nal RAM is used. For reception, the receivingbytes are 
loaded into the Receive Control Byte (RCB) register. 
Then, the data in RCB is moved to external RAM and 
the SIU is forced to load the next byte into the RCB 
register - The chip believesit is receivinga control byte 
continuously. For transmission, Information bytes (1- 
bytes) are loaded into a location in the internal RAM 
and the chip is forced to transmit the contents of this 
location repeatedly. 


Discussion of expanded operation is continued in sec- 
tions 4 and 5. First, however, sections 2 and 3 describe 


features of the 8044 which are necessary to further ex- 
plain expanded operation. 


2.0 THE SERIAL 
INTERFACE 
UNIT 


2.1 
Hardware 
Description 


The Serial Interface Unit (SIU) of the RUPI, shown in 
Figure 3. is divided functionally into a Bit Processor 
(BIP) and a Byte Processor (BYP), each sharing some 
common timing and control logic. The bit processor is 
the interface between the SIU bus and the serial port 
pins. It performs all functions necessary to transmit/re- 
ceive a byte of data to/from the serial data line (shift- 
ing, NRZI coding, zero insertion/deletion, etc.). The 
byte processor manipulates bytes of data to perform 
message formatting, transmitting, and receiving func- 
tions. For example, moving bytes from/to the special 
function registers to/from the bit processor. 


The byte processor is controlled by a Finite-State Ma- 
chine (FSM). For every receiving/transmitting byte, 
the byte processor executes one state. It then jumps to 
the next state or repeats the same state. These states 
will be explained in section 3. The status of the FSM is 
kept in an 8-bit register called SIUST (SIU State Coun- 
ter). This register is used to manipulate the behavior of 
the byte processor. 


As the name implies, the bit processor processes data 
one bit at a time. The speed of the bit processor is a 
function of the serial channel data rate. When one byte 
of data is processedby the bit processor, a byte bounda- 
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ry is reached. Each time a byte boundary is detected in 
the serial data stream, a burst of clock cycles (16 CPU 
states) is generated for the byte processor to execute 
one state of the state machine. When all the procedures 
in the state are executed, a wait signal is asserted to 
terminate the burst, and the byte processor waits for 
the next byte boundary (standby mode). The lower the 
data rate, the longer the byte processor will stay in the 
standby mode. 


2.2 Reception 
of Frames 


Incoming data is NRZI decoded by the on-chip decod- 
er. It is then passed through the zero insertion/deletion 
(ZID) circuitry. The ZID not only performs zero inser- 
tion/deletion, 
but also detects flags and Go Aheads 
(GA) in the data stream. The data bits are then loaded 
into the shift register (SR) which performs serial to par- 
allel conversion. When 8 bits of data are collected in the 
shift register, the bit processor triggers the byte proces- 
sor to process the byte, and it proceeds to load the next 


block of data into the shift register. The serial data is 
also shifted, through 
SR, to a l6-bit register called 


"FCS GEN/CHK" 
for CRC checking. The byte proc- 


essor takes the received address and control bytes from 
the SR shift register and moves them to the appropriate 
registers. If the contents of the shift register is expected 
to be an information byte, the byte processor moves 
them through a 3-byte FIFO to the internal RAM at a 
Starting location addressed by the contents of the Re- 
ceive Buffer Start (RBS) register. 


2.3 Transmission 
of Frames 


In the transmit mode, the byte processor relinquishes a 
byte to the bit processor by moving it to a register 
called RB (RAM buffer). The bit processor converts 
the data to serial form through the shift register, per- 
forms zero bit insertion, NRZI encoding, and sends the 
data to the serial port for transmission. Finally, the 
contents of the FCS GEN/CHK 
and the closing flag 
are routed to the serial port for transmission. 


PH2 
TII.IER 
1 
OVERFLOW 


SCLR 


SPECIAL 
FUNCTION 
REGISTERS: 
STAD 
TBL 
RCB 
TCB 
RBL 
BCNT 
RBS 
FIFOO 
RFL 
FIFOl 
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FIF02 


DUAL 
PORT 
RAI.I 


IB 
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Figure 3. SIU Block Diagram 
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3.0 TRANSMIT 
AND RECEIVE 
STATES 


The simplified receive and transmit state diagrams are 
shown in Figures 4 and 5, respectively. The numbers on 
the left of each state represent the contents of the 
SIUST register when the byte processor is in the stand- 
by mode, and the instructions on the right of each state 
represent the "state procedures" of that state. When the 
byte processor executes these procedures the least three 
significant bits of the SIUST register are being incre- 
mented while the other bits remain unchanged. The 
byte processor will jump from one state to another 
without going into the standby mode when a condition- 
al jump procedure executed by the byte processor is 
true. 


3.1 
Receive State Sequence 


When an opening flag (7EH) is detected by the bit 
processor, the byte processor is triggered to execute the 
procedures of the FLAG state. In the FLAG state, the 
byte processor loads the contents of the RBS register 
into the Special RAM (SRAR) register. SRAR is the 
pointer to the internal RAM. The byte processor decre- 
ments the contents of the Receive Buffer Length (RBL) 
register and loads them into the,DMA Count (DCNT) 
register. The FCS GEN/CHK 
circuit is turned on to 
monitor the serial data stream for Frame Check Se- 
quence functions as per SDLC specifications. 


Assuming there is an address field in the frame, con- 
tents of the SIUST register will then be changed to 
OSH, causing the byte processor to jump to the AD- 
DRESS state and wait (standby) for the next byte 
boundary. As soon as the bit processor moves the ad- 
dress byte into the SR shift register, a byte boundary is 
achieved and the byte processor is triggered to execute 
the procedures in the ADDRESS state. 


In the ADDRESS state the received station address is 
compared to the contents of the STAD register. If there 
is no match, or the address is not the broadcast address 
(FFH), reception will be aborted (SIUST = OlH). Oth- 
erwise, the byte processor jumps to the CONTROL 
state (SIUST = !OH) and goes into standby mode. 


The byte processor jumps to the CONTROL 
state if 
there exists a control field in the receiving frame. In 
this state the control byte is moved to the RCB register 
by the byte processor. Note that the only action taken 
in this state is that a received byte, processed by the bit 
processor, is moved to RCB. There is no other hard- 
ware task performed, and DCNT and SRAR are not 
affected in this state. 


The next two states, PUSH-! and PUSH-2, will be exe- 
cuted if Frame check sequence (NFCS = 0) option is 
selected. In these two states the first and second bytes 


of the information field are pushed into the 3-byte 
FIFO (FIFOO, FIF01, 
FIF02) 
and the Receive Field 
Length register (RFL) is set to zero. The 3-byte FIFO 
is used as a pipeline to move received bytes into the 
internal RAM. The FIFO prevents transfer of CRC 
bytes and the closing flag to the receive buffer (i.e., 
when the ending flag is received, the contents of FIFO 
are FLAG, FCS1, and FCSO.) The three byte FIFO is 
collapsed to one byte in No FCS mode. 


In the DMA-LooP 
state the byte processor pushes a 
byte from SR to FIFOO, moves the contents of FIF02 
to the internal RAM addressed by the contents of 
SRAR, increments the SRAR and RFL registers, and 
decrements the DCNT register. If more information 
bytes are expected, the byte processor repeats this state 
on the next byte boundaries until DMA Buffer End 
occurs. The DMA Buffer End occurs if SRAR reaches 
OBFH (192 decimal), DCNT reaches zero, or the RBP 
bit of the STS register is set. 


The BOY-LOOP state, the last state, is executed if 
there is a buffer overrun. Buffer overrun occurs when 
the number of information bytes received is larger than 
the length of the receive buffer (RFL > RBL). This 
state is executed until the closing flag is received. 


At the end of reception, if the FCS option is used, the 
closing flag and the FCS bytes will remain in the 3-byte 
FIFO. The contents of the RCB register are used to 
update the NSNR (Receive/Send Count) register. The 
SIU updates the STS register and sets the serial inter- 
rupt. 


3.2 Transmit State Sequence 


Setting the RTS bit puts the SIU in the transmit mode. 
When the CTS pin goes active, the byte processor goes 
into START-XMIT state. In this state the opening flag 
is moved into the RAM Buffer (RB) register. The byte 
processor jumps to the next state and goes into the 
standby mode. 


If the Pre-Frame 
Sync (PFS) option is selected, the 
PFS 1 and PFS2 states will be executed to transmit the 
two Pre-Frarne Sync bytes (OOHor 55H). In these two 
states the contents of the Pre-Frame Sync generator are 
sent to the serial port while the Zero Insertion Circuit 
(ZID) is turned off. ZID is turned back on autornatical- 
lyon the next byte boundary. 


If the PFS option is not chosen, the byte processor 
jumps to the FLAG state. In this state, the byte proces- 
sor moves the contents of TBS into the SRAR register, 
decrements 
TBL and moves the contents 
into the 
DCNT register. The byte processor turns off the ZID 
and turns on FCS GEN/CHK. 
The contents of FCS 
GEN/CHK 
are not transmitted unless the NFCS bit is 
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SIUST 
STATE 
STATEPROCEDURE 


01H 
( 
fLAG 
) 
01-1) 
(RBS)-SRAR 
01-2) 
(RBL)-I-(OCNT) 
01-3) 
TURNON fCS GEN/CHK 
0104) If POINTTO POINTt.40DE. 
GOTO10-2 


08H 
( 
ADDRESS ) 
08-1) 
SR- 
Tt.4P 
08-2) 
(STAD)-RB 
08-3) 
If RB.NE.Tt.4PAND 
ffH.NE.Tt.4PTHENIDLE 
08-4) 
If NB=1 GOTO10-2 


10H 
( 
CONTROL ) 
10-1) 
SR-(RCB) 
! 


10-2) 
If NfCS=1 GOTO20-3 


18H 
( 
PUSH-l 
) 
18-1) 
SR-(flfOO) 
! 


18-2) 
PUSH 


20H 
( 
PUSH-2 
) 
20-1) 
SR-(flfOO) 
20-2) 
PUSH 
20-2) 
(RfL)-OOH 
20-4) 
If Dt.4ABUffER END. 
GOTO28-7 
20-5) 
(RCB)-RB 


28H 
( 
Dt.4A-LOOP ) 
28-1) 
If ENDOf I-fiELD. 
THENIDLE 
28-2) 
(flf02)-@SRAR 
28-3) 
SR- (nroo) 
28-4) 
INC.SRAR 
28-5) 
PUSH 
28-6) 
DEC.(DCNT) 
28-7) 
INC.(RfL) 
28-8) 
If NOTDt.4ABUffER END. 
GOTO28-1 
28-9) 
RCB)- 
RB 


30H 
( 
BOY-LOOP ) 
30-1) 
SETBOYBIT(SRS.3) 
30-2) 
(RCB)- 
RB 
30-3) 
If NOTENDOf I-fiELD. 
GOTO30-1 
30-4) 
IDLE 
292019-4 


Figure 4. Receive 
State Diagram 


set. If a frame with the address field is chosen, it moves 
the contents of the STAD register into the RB register 
for transmission. At the same time, the opening flag is 
being transmitted by the bit processor. 


In the ADDRESS (SIUST = AOH) and CONTROL 
(SIUST = ASH) states, TCB and the first information 
byte are loaded into the RB register for transmission, 
respectively. Note that in the CONTROL state, none of 
the registers (e.g. DCNT, SRAR) are incremented, and 
ZID and FCS GEN/CHK 
are not turned on or off. 


The procedures in the DMA-LOOP state are similar to 
the procedures of the DMA-LOOP in the receive state 
diagram. The SRAR register pointer to the internal 
RAM is incremented, and the DCNT register is decre- 
mented. The contents of DCNT reach zero when all the 
information bytes from the transmit buffer are trans- 
mitted. A byte from RAM is moved to the RB register 
for transmission. This state is executed on the following 


byte boundaries 
until all the information 
bytes are 


transmitted. 


The FCSl and the FCS2 states are executed to transmit 
the Frame Check Sequence bytes generated by the FCS 
generator, and the END-FLAG 
state is executed to 


transmit the closing flag. 


The 
XMIT-ACTION 
and 
the 
ABORT-ACTION 
states are executed by the byte processor to synchronize 
the SIU with the CPU clock. The XMIT-ACTION 
or 


the ABORT-ACTION 
state is repeated until the byte 


processor status is updated. At the end, the STS and the 
TMOD registers are updated. 


The two ABORT-SEQUENCE 
states (SIUST = £OH 


and SIUST = ESH) are executed only if transmission 
is aborted by the CPU (RTS or TBF bit of the STS 
register is cleared) or by the serial data link (CTS signal 
goes inactive or shut-off occurs in loop mode.) 
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SIUST 
STATE 
STATE PROCEDURE 


87-1) 
FLAG-RB 


88-1) 
IF NO PFS (St.lD.2=0), 
GOTO 98-'1 
88-2) 
Xt.lIT A PFS BYTE 
88-3) 
ZID OFF 


90-1) 
Xt.lIT A PFS BYTE 
90-2) 
ZID OFF 


98-1) 
(TBS) - 
SRAR 
98-2) 
ZID OFF 
98-3) 
(TBL)-I- 
(DCNT) 
98-4) 
TURN ON FCS GEN/CHK 
98-5) 
IF POINT TO POINT t.lODE, 
GOTO A8-1 
98-6) 
(STAD)- 
RB 


AO-l) 
IF NB=1 
GOTO A8-1 
AO-2) 
IF AUTO t.lODE 
CTRL-RB 
AO-3) 
IF FLEXIBLE 
t.lODE 
(TCB)-RB 


A8-1) 
IF Dt.lA BUFFER 
END, 
GOTO BO-3 
A8-2) 
OSRAR-RB 


BO-l) 
INC. SRAR 
BO-2) 
DEC. DCNT 
BO-3) 
IF Dt.lA BUFFER 
END 
AND NFCS=I, 
GOTO CO-l 
BO-4) 
OSRAR-RB 
BO-5) 
GOTO BO-l 


B8-1) 
NO ACTION 


CO-1) 
FLAG- 
RB 


C8-1) 
ZID OFF 


00-1) 
REPEAT THIS STATE TILL SIU 
IS IN SYNC. WITH CPU, THEN 
IDLE. ZID OFF 


£0-1) 
NO ACTION 


E8-1) 
ZID OFF 


FO-l) 
REPEAT THIS STATE TILL SIU 
IS IN SYNC. WITH CPU, THEN 
IDLE. 110 OFF 
292019-6 
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90H 
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ABH 


BOH 
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COH 


CBH 
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Figure 5. Transmit 
State Diagram 
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4.0 TRANSMISSION/RECEPTION 
OF 
LONG FRAMES 
(EXPANDED 
OPERATION) 


In this application note, a frame whose information 
field is more than 192 bytes (size of on-chip RAM) is 
referred to as a long frame. The 8044 can access up to 
64000 bytes of external RAM. Therefore, a long frame 
can have up to 64000 information bytes. 


4.1 
Description 


During transmission or reception of a frame, while the 
bit processor is processing a byte, the byte processor, 
after 16 CPU states, is in the standby mode, and the 
internal registers and the internal bus'are not used. The 
period between each byte boundary, 
when the byte 
processor is in the standby mode, can be used to move 
data from external RAM to one of the byte processor 
registers for transmission and vice versa for reception. 
The contents of the SIUST register, which dictate the 
state of the byte processor, can be monitored to recog- 
nize the beginning of each SDLC field and the consecu- 
tive byte boundaries. 


By writing into the SIUST register, the byte processor 
can be forced to repeat or skip a specific state. As an 
example, the SIU can be forced to repeatedly put the 
received bytes into the RCB register. This is accom- 
plished by writing E7H into the SIUST register when 
the byte processor goes into the standby mode. The 
byte processor, 
therefore, 
executes the CONTROL· 


state at the next byte boundary. 


For transmission, the byte processor is put in the trans- 
mit mode. When transmission of a frame is initiated, 
the user program calls a subroutine in which the state 
of the byte processor is monitored by checking the con- 
tents of the SIUST register. When the byte processor 
reaches a desired state and goes into standby, the CPU 
loads the first byte of the internal RAM butTer with 
data and moves the byte processor to the CONTROL 
state. The routine is repeated for every byte. At the end, 
the program returns from the subroutine, and the SIU 
finishes its task (see application examples). 


For reception, a software routine is executed to move 
data to external RAM and to force the SIU to repeat 
the CONTROL state. The CONTROL state is repeated 
because, as shown in the receive state diagram, the only 
action taken by the byte processor, in the CONTROL 
state, is to move the contents ofSR to the RCB register. 
None of the registers (e.g. SRAR and DCNT) are in- 
cremented. A similar comment justifies the use of the 
CONTROL 
state for transmission. 
In the transmit 


CONTROL state, contents of a location in the on-chip 
RAM addressed by TBS is moved to RB for transmis- 
sion. 


4.2 SIU Registers 


To write into the SIUST register, the data must be com- 
plemented. For example, if you intend to write 18H 
into the SIUST register, you should write E7H to the 
register. The data read from SIUST is, however, true 
data (i.e. 18H). 


Read and write accesses to the SIUST, STAD, DCNT, 
RCB, RBL, RFL, TCB, TBL, TBS, and the 3-byte 
FIFO registers are done on even and odd phases, re- 
spectively. Therefore, there is no bus contention when 
the CPU is monitoring the registers (e.g. SIUST), and 
SIU is simultaneously writing into them. 


There is no need to change or reset the contents of any 
SIU 
register 
while transmitting 
or 
receiving 
long 
frames, unless the byte processor is forced to repeat a 
state in which the contents of these registers are modi- 
fied. Note that the SRAR register can not be accessed 
by the CPU; therefore, avoid repeating 
the DMA- 


LOOP states. If SRAR increments to 192, the SIU will 
be interrupted and communication will be aborted. 


4.3 Other Possibilities 


The internal RAM, in conjunction with an external 
butTer (RAM or FIFOs), can be used as a transmit and 
receive butTer. In other words, Expanded and Normal 
operation can be used together. For example, if a frame 
with 300 Information bytes is received and only 255 of 
them are moved to an external butTer, the remaining 
bytes (45 bytes) will be loaded into the internal RAM 
by the SIU (assuming RBL is set to 45 or more). The 
contents of RFL indicate the number of bytes stored in 
the internal RAM. For transmission, the contents of 
the external butTer can be transmitted followed by the 
contents of the internal butTer. 


If the internal RAM is not used, contents of the RBL 
register can be 0 and contents of the TBL register must 
be set to 1. The contents of the TBS register can be any 
location in the internal RAM. 


The transmission and reception procedures for long 
frames with no FCS are similar to those with FCS. The 
exception is the contents of the SIUST register should 
be compared with ditTerent values since the two FCS 
states of the transmit 
and receive flow charts 
are 


skipped by the byte processor. 


If a frame format with no control byte is chosen, a 
location in the RAM addressed by TBS should be used 
for transmission as with control byte format. The FIFO 
can be used for reception. The STAD register can be 
used for transmission if no zero insertion is required. 
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If the RUPI is used in Auto mode (see Section 5), it 
will still respond to RR, RNR, REI, and Unnumbered 
Poll (UP) SDLC commands with RR or RNR auto- 
matically, without using any transmit routine. For ex- 
ample, if the on-chip CPU is busy performing some real 
time operations, the SIU can transmit an information 
frame from the internal buffer or transmit a supervisory 
frame without the help of CPU (Normal operation). 


Maximum data rate using this feature is limited primar- 
ily by the number of instructions needed to be executed 
during the standby mode. 


Transmission or reception of a frame can be timed out 
so that the CPU will not hang up in the transmit or 
receive procedures if a frame is aborted. Or, if the data 
rate allows enough time (standby time is long enough), 
the CPU can monitor the SIUST register for idle mode 
(SIUST = OlH). 


It is also possible to transmit multiple opening or clos- 
ing flags by forcing the byte processor to repeat the 
END-FLAG 
state. 


4.4 
Maximum Data Rate in Expanded 
Operation 


Assuming there is no zero-insertion/deletion, 
the bit 
processor requires eight serial clock periods to process 
one block of data. The byte processor, running on the 
CPU clock, processes one byte of data in 16 CPU states 
(one state of the state diagrams). Each CPU state is two 
oscillator 
periods. 
At 
an 
oscillator 
frequency 
of 
12 MHz, the CPU clock is 6 MHz, and 16 CPU states 
is 2.7 JJ.s.At a 3 Mbit rate with no zero-insertion/dele- 
tion, there is exactly enough time to execute one state 
per byte (16 states at 6 MHz = 8 bits at 3M baud). In 
other words, the standby time is zero. 


Figure 6 demonstrates portions of the timing relation- 
ship between the byte processor and the bit processor. 
In each state, the actions taken by the processors, plus 
the contents of the SIUST register, are shown. When 
the byte processor is running, the contents of SIUST 
are unknown. However, when it is in the standby mode, 
its contents are determinable. 


The maximum data rate for transmitting and receiving 
long frames depends on the number of instructions 
needed to be executed during standby, and is propor- 


ADDRESS 
X"' 
..;C;.;O.;.N.;.TR..;O.;;L 
--'X"' 
.;.P,;,US;;H.;.-..;I 
...JX 
PUSH-2 
STATE: 


BIP:::X: 
CRTL BYTE - 
SR 
X"'__ 
I;.;S;;.t,;.I-..:B;.:YT.;.;E:;...-_.:S;;.R 
__ 
--JX"'_..;2;;.n;.;;d..;I_-B;.YT;..;.;.E_-_.;.S,;.,R_ 
•••X: 


BYP: 
::X:SR-TMPX 
STANDBY X 
SR - 
RCB X 


SIUST: 
? 
10H 
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STATE: 
FLAG 
X 
ADDRESS 
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X 
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~ 


18H 
? 
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X 
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RB 
X 
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RB 
~ 


BOH 
292019-8 
SIUST: 
? 
AB H 
? 
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Figure 6. Portions 
of the BIP/BYP 
Timing 
Relationship 
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tional to the oscillator frequency. The time the byte 
processor is in the standby mode, waiting for the bit 
processor to deliver a processedbyte, is at least equal to 
eight serial clock periods minus 16 CPU states. If an 
inserted zero is in the block of data, the bit processor 
will process the byte in nine serial clock periods. 


The equation for theoretical maximum data rate is giv- 
en as: 


(2TCLCL) 
x (16 states) + (;If of instructioncycles) x 


(12TCLCL) 
= (8TDCY) 
Equation(1) 


Where: TCLCL is the oscillator period. 


TOCY is the serial clock period. 


At an oscillator frequency of 12MHz and baud rate of 
375 Kbps, about 18 instruction cycles can be executed 
when the byte processor is in the standby mode. At a 
9600 baud rate, there is time to execute about 830 in- 
struction cycles-plenty of time to service a long inter- 
rupt routine or perform bit-manipulation or arithmetic 
operations on the data while transmission or reception 
is taking place. 


5.0 
MODES OF OPERATION 


The 8044 has two modes: Flexible mode and Auto 
mode. In Auto mode, the chip responds to many SOLC 
commands and keeps track of frame sequence number- 
ing automatically without on-chip CPU intervention. 
In Flexible mode, communication tasks are under con- 
trol of the on-chip CPU. 


5.1 
Flexible Mode 


For transmission, the CPU allocates space for transmit 
butTerby storing values for the starting location and 
size of the transmit butTer in the TBS and the TBL 
registers. It loads the butTerwith data, sets the TBF and 
the RTS bits in the STS register, and proceeds to per- 
form other tasks. The SIU activates the RTS line. 
When the CTS signal goes active, the SIU transmits the 
frame. At the end of transmission, the SIU clears the 
RTS bit and interrupts the CPU (SI set). 


For reception, the CPU allocates space for receivebuff- 
er by loading the beginning address and length of the 
receive buffer into the RBS and RBL registers, sets the 
RBE bit, and proceeds to perform other tasks. The 
SIU, upon detection of an opening flag, checks the next 
received byte. If it matches the station address, it will 
load the received control byte into RCB, and received 
information bytes into the receivebutTer.At the end of 
reception, if the Frame Check Sequence (FCS) is cor- 
rect, the SIU clears RBE and !nterrupts the CPU. 


5.2 Auto Mode 


In the Auto mode, the 8044 can only be a secondary 
station operating in the SOLC "Normal 
Response 
Mode". The 8044in Auto mode does not transmit mes- 
sages unless it is polled by the primary. 


For transmission of an information frame, the CPU al- 
locates space for the transmit butTer,loads the butTer 
with data, and sets the TBF bit. The SIU will transmit 
the frame when it receives a valid poll-frame. A frame 
whose poll bit of the control byte is set, is a poll-frame. 
The poll bit causes the RTS bit to be set. If TBF were 
not set, the SIU would respond with Receive Not 
Ready (RNR) SOLC command if RBP = 1, or with 
Receive Ready (RR) SOLC command if RBP = 
O. 


After transmission RTS is cleared, and the CPU is not 
interrupted. 


For reception, the procedure is the same as that of 
Flexible mode. In addition, the SIU sets the RTS bit if 
the received frame is a poll-frame (causing an automat- 
ic response) and increments the NS and NR counts 
accordingly. 


6.0 APPLICATION 
EXAMPLES 


Two application examples are given to provide addi- 
tional details about the procedures used to transmit and 
receive long frames. In the first application example, 
procedures to construct receive and transmit software 
routines for the point-to-point frame format are de- 
scribed. The point-to-point frame has the information 
field and the FCS field enclosed between two flags (see 
Figure 7). In the second example software code is gen- 
erated for reception and transmission of the standard 
SOLC frame. The SOLC frame has the pattern: flag, 
address, control, information, FCS, flag. 


The first example focuses on the construction of trans- 
mit and receive code which allow the chip to transmit 
and receive long frames. The second example shows 
how to make more use of the 8044features, such as the 
on-chip phase locked loop for clock recovery and auto- 
matic responses in the Auto mode to demonstrate the 
capability of the 8044to achieve high throughput when 
Expanded operation is used. 


6.1 
Point-to-Point 
Application 
Example 


A point-to-point communication system was developed 
to receive and transmit long frames. The system con- 
sists of one primary and one secondary station. Al- 
though multiple secondary stations can be used in this 
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~1INFORMATION 1 
, 
BYTES 


FLAG 


ADDRESS BYTE 


CONTROL BYTE 


" 
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and Standard 
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system, one secondary is chosen to simplify the primary 
station's software and focus on the long frame software 
code. Both the primary and the secondary stations are 
in Flexible mode and the external clock option is used 
for the serial channel. The maximum 
data rate is 
500 Kbps, The FCS bytes are generated and checked 
automatically by both stations. 


6.1.1 POLLING 
SEQUENCE 


The polling sequence, shown in Figure 8, takes place 
continuously between the primary and the secondary 
stations. The primary transmits a frame with one infor- 
mation byte to the secondary. The information byte is 
used by the secondary as an address byte. The second- 
ary checks 
the 
received byte, and 
if the 
address 


matches, the secondary responds with a long frame. In 
this example, the information field of the frame is cho- 
sen to be 255 bytes long. Since there is only one second- 
ary station, the address always matches. Upon success- 
ful reception of the long frame, the primary transmits 
another frame to the secondary station. 


6.1.2 HARDWARE 


The schematic of the secondary station is given in Fig- 
ure 9. The circuit of the primary station is identical to 
the secondary station with the exception of pin 11 


F-I 
BYTE-FCS-F 


PRIMARY 
SECONDARY 


F-255 
I BYTES-FCS-F 
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Figure 8. Secondary 
Responses 
to Primary 


Station Commands 


(DATA) being connected to pin 14 (TO). In the pri-. 
mary station, the 8044 is interrupted when activity is 
detected on the communication line by the on-chip tim- 
3 


er (in counter mode). This is explained more later. The 
serial clock to both stations is supplied by a pulse gen- 
erator. The output of the pulse generator (not shown in 
the diagram) is connected to pin 15 of the 8044s. Since 
the two stations are located near each other (less than 4 
feet), line drivers are not used. 


The central processor of each station is the 8044. The 
data 
link program 
is stored 
in a 2Kx8 
EPROM 


(2732A), and a 2Kx8 static RAM (AM9128) is used as 
the external transmit and receive buffer. The RTS pin is 
connected to the crs pin. For simplicity, the stations 
are assumed to be in the SDLC Normal Respond Mode 
after Hardware reset. 


6.1.3 PRIMARY 
STATION 
SOFTWARE 


The assembly code for the primary station software is 
listed in Appendix A. The primary software consists of 
the main routine, the SIU interrupt routine, and the 
receive interrupt routine. The receive interrupt routine 
is executed when a long frame is being received. 


In the flow charts that follow, all actions taken by the 
SIU appear in squares, and actions taken by the on-chip 
CPU appear in spheres. 
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Main Routine 


First, the chip is initialized (see Figure 10). It is put in 
Flexible mode, externally clocked, and "Flag-Informa- 
tion Field-FCS-Flag" 
frame format. Pre-Frame Sync 


option (PFS = 1) and automatic Frame Check Se- 
quence generation/detection 
(NFCS = 0) are selected. 
The on-chip transmit butTer starts at location 20H and 
the transmit butTer length is set to 1. This one byte 
butTer contains the address of the secondary station. 
There is no on-chip receive butTer since the long frame 
being received is moved to the external butTer. The 
RTS, TBF, and RBE bits are set simultaneously. Set- 
ting the RTS and TBF bits causes the SIU to transmit 
the contents of the transmit butTer. 
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Figure 10. Primary 
Station 
Flow Charts 


SIU Interrupt 
Routine 


After transmission of the frame, the SIU interrupts the 
on-chip CPU (SI is set). In the SIU interrupt service 
routine, counter 0 is initialized and turned on (see Fig- 
ure 11). The user program returns to perform other 


tasks. After reception of the long frame, the SIU inter- 
rupt routine is executed again. This time, RTS, TBF, 
and RBE are set for another round of information ex- 
change between the two stations. 


SIU never interrupts whilereception 
or transmission is 


taking place. The SIU registers are updated and the SI 
is set (serial interrupt) after the closing flag has been 
received or transmitted. An SIU interrupt never occurs 
if the receive interrupt routine or the transmit subrou- 
tine is being executed. 


Setting the RBE bit of the STS register puts the RUPI 
in the receive mode. However, the jump to the receive 
interrupt routine occurs only when a frame appears on 
the serial port. Incoming frames can be detected using 
the Pre-Frame Sync. option and one of the CPU timers 
in counter mode. The counter external pin (TO) is con- 
nected to the data line (pin 11 is tied to pin 14). Setting 
the PFS (Pre-Frame Sync.) bit will guarantee 16 tran- 
sitions before the opening flag of a flame. 


= 0, FRAME REeVED 


RETURN 
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The counter registers are initialized such that the coun- 
ter interrupt occurs before the opening flag of a frame. 
When the PFS transitions appear on the data line, the 
counter overflows and interrupts the CPU. The CPU 
program jumps to the timer interrupt service routine 
and executes the receive routine. In the receive routine, 
the received frame is processed, and the information 
bytes are moved to the external RAM. Note that the 
maximum count rate of the 8051 counter is '/24 of the 
oscillator frequency. At 12 MHz, the data rate is limit- 
ed to 500 Kbps. 


Another method to detect a frame on the data line and 
cause an interrupt is to use an external "Flag-Detect" 
circuit to interrupt the CPU. The "Flag Detect" circuit 
can be an 8-bit shift register plus some TTL chips. If 
this option is used, the RUPI must operate in externally 
clocked mode because the clock is needed to shift the 
incoming data into the shift register. With this option, 
the maximum data rate is not limited by the maximum 
count rate of the 8051 counter. 


Receive 
Interrupt 
Routine 


In Normal operation, the byte processor executes the 
procedures of the FLAG state, jumps to the CON- 
TROL state without going into the standby mode, and 
executes 10-2 procedure of the state (see Figure 4). It 
then jumps to the PUSH-I 
state and goes into the 
standby mode. At the following byte boundaries, the 
byte processor executes the PUSH-I, 
PUSH-2, and 
DMA-LOOP states, respectively. The receive interrupt 
routine as shown in the flow chart of Figure 12 and 
described below forces the byte processor to repeatedly 
execute the CONTROL state before the PUSH-I state 
is executed. The following is the step by step procedure 
to receive long frames: 
I) Turn off the CPU counter and save all the impor- 
tant registers. Jump to the receive interrupt routine, 
execution of the instructions to save registers, and 
initialization of the receive buffer pointer take place 
while the Pre-Frame Sync bytes and the opening 
flag are being received. This is about three data byte 
periods (48 CPU cycles at 500 Kbps). 


2) Monitor 
the SIUST register for standby 
in the 
PUSH-I state (SIUST' = 18H). When the SIUST 
contents are 18H, the byte processor is waiting for 
the first information byte. The bit processor has al- 
ready recognized the flag and is processing the first 
information byte. 
3) In the standby mode, move the byte processor into 
the CONTROL state by writing "EFH" 
(comple- 
ment of IOH) into the SIUST register. When the 
next byte boundary occurs, the bit processor has 
processed and moved a byte of data into the SR 
register. The byte processor moves the contents of 
SR into the RCB register, jumps to the PUSH-I 
state (SIUST = 18H), and waits. 
4) Monitor 
the SIUST register for standby 
in the 
PUSH-I 
state. When the contents of SIUST be-. 


comes 18H, the contents of RCB are the first infor- 
mation byte of the information field. 


5) While the byte processor is in the standby mode, 
move the contents of RCB to an external RAM or 
an I/O port. 
6) Check for the end of the information field. The end 
can be detected by knowing the number of bytes 
transmitted, or by having a unique character at the 
end of information field. The length of the informa- 
tion field can be loaded into the first byte(s) re- 
ceived. The receive routine can load this byte into 
the loop counter. 


7) If the byte received is not the last information byte, 
move the byte processor back to standby in the 
CONTROL state and repeat steps 4 through 6. Oth- 
erwise, return from the interrupt routine. 


Upon returning from the receive interrupt routine, the 
byte processor automatically 
executes the PUSH-I, 
PUSH-2, and DMA-LOOP before it stops. This causes 
the remaining information bytes (if any) to be stored in 
the internal RAM at the starting location specified by 
the contents of RBS register. At the end of the cycle, 
the closing flag and the CRC bytes are left in the FIFO. 
The RFL register will be incremented by the number of 
bytes stored in the internal RAM. Then, the STS and 
NSNR registers are updated, and an appropriate 
re- 
sponse is generated by the SIU. 


The software to perform the above task is given in Ta- 
ble 1. In this' example, the number of instruction cycles 
executed during standby is 12 cycles. 
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Receive 
Codes 
Cycles 
••• 
REC: 
CLR 
MOV 
CJNE 
MOV 
MOV 
CJNE 
MOV 
MOVX 
INC 
DJNZ 
RETI 


••• 


WAITl: 
NEXTI: 


TRO 
A, #18H 
A,SIUST,WAITl 
SIUST,#OEFH 
••••••••••••••••••••••• 
2 
A, # 18H •••••••••••••••••••••••••••• 
1 
A,SIUST,WAIT2 
•••••••••••••••••••••• 2 
WAIT2: 
A .RCB •••••••••••••••••••••••••••••• 
1 


@DPTR,A 
••••••••••••••••••••••••••• 
2 
DPTR 
••••••••••••••••••••••••••••••• 
2 


END 


R5,NEXTI ••••••••••••••••••••••••••• 
2 


12 Cycles 
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Flow Charts 


In the serial interrupt routine. the RBE bit is checked 
(see Figure 14). Since RBE is clear. a frame has been 
received. The received Information byte is compared 
with the contents of the Station Address (STAD) regis- 
ter. 
. 


6.1.4 SECONDARY 
STATION 
SOFTWARE 


The assembly code for the secondary station software is • 
given in Appendix A. The secondary station contains 
the transmit subroutine which is called for transmission 
of long frames. 


Main Routine 


As shown in the secondary station flow chart (Figure 
13). the external transmit buffer (external RAM) is 
loaded with the information data (FFH. FEH. FDH. 
. . . ) at starting location 200H. The internal transmit 
buffer (on chip RAM) starts at location 20H (TBS = 
20H). and the transmit buffer length (TBL) is set to 1. 
The on-chip CPU. in the transmit subroutine. moves 
the information bytes from the external RAM to this 
one byte buffer for transmission. The receive buffer 
starts at location lOH and the receiver buffer length is 
1. This buffer is used to buffer the frame transmitted by 
the primary. The received byte is used as an address 
byte. 


The Secondary is configured like the Primary station. It 
is put in Flexible mode. externally clocked. Point-to- 
point frame format. The PFS bit is set to transmit two 
bytes before the first flag of a frame. The RBE bit is set 
to put the chip in receive mode. Upon reception of a 
valid frame. the SIU loads the received information 
byte into the on-chip receive buffer and interrupts the 
CPU. 


SIU Interrupt 
Routine 
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Figure 13. Secondary 
Station 
Flow Charts 


If they match, the secondary will call the transmit sub- 
routine to transmit the long frame. Upon returning 
from the transmit subroutine, the RBE bit is set, and 
program returns from the SIU interrupt. After trans- 
mission of the closing flag, SIU interrupt occurs again. 
In the interrupt routine, the RBE is checked. Since the 
RBE is set, the program returns from the SIU interrupt 
routine and waits until another long frame is received. 


If the secondary were in Auto mode, the chip must be 
ready to execute the transmit routine upon reception of 
a poll-frame; otherwise, the chip automatically trans- 
mits the contents of the internal transmit buffer if the 
TBF bit is set, or transmits a supervisory command 
(RR or RNR) if TBF is clear. 


Transmit 
Subroutine 


In Normal operation the byte processor executes the 
START-TRANSMIT state and jumps to the PFSI 
state. While the bit processor is transmitting some un- 
wanted bits, the byte processor executes the PFSI state 
and jumps to the standby mode in the PFS2 state. 


= 1. rRA~E 
X~ITIED 


ADDRESS 
NOT ~ATCHED 
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SIU Interrupt 


Figure 14..Secondary Station 
Flow Charts 


While the bit processor is transmitting the first Pre- 
Frame Sync byte, the byte processor executes the PFS2 
state and jumps to the standby mode in the FLAG 
state. The FLAG state is executed when the bit proces- 
sor begins to transmit the second Pre-Frame Sync byte. 
When the flag is being transmitted, the byte processor 
executes the 98-1, 98-2, 98-3, and 98-4 procedures of 
the FLAG state, and jumps to execute the A8-1 proce- 
dure of the CONTROL state. When the opening flag is 
transmitted, the contents of RB are the first informa- 
tion byte. (See transmit State diagram.) 


In the transmit subroutine (see Figure 15), the byte 
processor is forced to repeat the CONTROL state be- 
fore the DMA-LOOP state. In the CONTROL state, 
the contents of a RAM location addressed by the TBS 
register are moved to the RB register. The following is 
the step by step procedure to transmit long frames: 
I) Put the chip in transmit mode by setting the RTS 
and TBF bits. 
2) Move an information byte from external RAM to a 
location in the internal RAM addressed by the con- 
tents of TBS. 
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3) Monitor the SIUST register for the standby mode in 


the DMA-LOOP 
state (SIUST 
= BOH). When 
SIUST is BOH, the opening flag has been transmit- 
ted, and the first information byte is being transmit- 
ted by the bit processor. 


4) If there are more information bytes, move the byte 
processor back to the CONTROL state, and repeat 
steps 2 through 4. Otherwise, continue. 


5) Move byte processor to the Standby mode in the 
CONTROL state (SIUST = A8H) and return from 
the subroutine. 


The byte processor automatically executes the remain- 
ing states to send the FCS bytes and the closing flag. 
After the completion of transmission, SIU updates the 
STS and NSNR registers and interrupts the CPU. 


If the contents of the TBL register were more than I, 
the SIU transmits (TBL) - 1 additional bytes from the 
internal RAM at starting address (TBS)+ 1 because it 
executes the DMA-LOOP 
state (TBL)-1 
additional 
times. The byte processor should not be programmed to 
skip the DMAi-LOOP state, because the transmission of 
FCS bytes is enabled in this state. 


The maximum baud rate that can be used with these 
codes is calculated by'adding the number of instruction 
cycles executed, during the standby mode, between 
each byte boundaries (see Table 2). 


Using Equation I, the maximum data rate, based on the 
transmit software, is 509 Kbps; However, the maxi- 
mum count rate of the counter limits the data rate to 
500 Kbps. 


Table 2. Codes for Lon 
Frame Transmission 


••• 


MOV 
MOV 
SETB 
SETB 
MOVX 
MOV 
MOV 
CJNE 
INC 
MOVX 
MOV 
DJNZ 
MOV 
RET 
MOV 
MOV 
JMP 


Transmit 
Codes 


TRAN: 


LOOP: 


WAITl: 


NEXTI: 


END 


Cycles 
••• 
DPTR. #200H 
R5.#OFFH 
TBF 
RTS 
A.@DPTR 
@Rl.A 
A. #OBOH 
A.SIUST.WAIT1 
•••••••••••••••••••• 2 
DPTR ••••••••••••••••••••••••••••• 
2 
A.@DPTR 
••••••••••••••••••••••••• 
2 
@Rl.A 
••••••••••••••••••••••••••• 
1 
R5.NEXTI ••••••••••••••••••••••••• 
2 
SIUST. #57H 


SIUST. #57H 
•••••••••••••••••••••• 2 
A. #OBOH 
••••••••••••••••••••••••• 
1 
WAITl •••••••••••••••••••••••••••• 
1 


13 Cycles 


3-41 


infel.. 
FLEXIBILITY 
IN FRAME SIZE WITH THE 8044 


6.2 
Multidrop Application 


Performance of long frame in addition to the features of 
the 8044 are described using a simple multidrop com- 
munication system in which three RUPIs, 
one as a 
master and the other two as secondary stations, trans- 
mit and receive long frames alternately (see Figure 16). 
All stations perform automatic zero bit insertion/dele- 
tion, 
NRZI 
decoding/encoding, 
Frame 
Check 
Se- 
quence (FCS) generation/detection, 
and on-chip clock 
recovery at a data rate of 375 Kbps. 


The primary and the secondary station's software code 
is given in Appendix B. These programs, for simplicity, 
assume only reception of information and supervisory 
frames. It is also assumed that the frames are received 
and transmitted in order. All stations use very similar 
transmit and receive routines. This code is written for 
standard SDLC frames (see Figure 7). 


6.2.1 POLLING 
SEQUENCE 


The primary station, in Flexible mode, transmits a long 
frame (for this example, 255 I-bytes), polls one of the 


secondary stations, and acknowledges a previously re- 
ceived frame simultaneously (see Figure 17). Both sec- 
ondary stations, in Auto mode, detect the transmitted 
frame and check its address byte. One of the secondary 
stations receives the frame, stores the Information bytes 
in an external RAM buffer, and transmits the same 
data back to the primary. After reception of the frame, 
the primary polls and transmits a long frame to the 
other secondary station which will respond with the 
same long frame. 


6.2.2 HARDWARE 


The schematic of the secondary station hardware 
is 


shown in Figure 18. The primary station's hardware is 
similar to the secondary station's hardware. The excep- 
tion is in secondary stations only, where the RTS signal 
is inverted and tied to the interrupt 0 input pin (INTO). 
In the primary station, RTS is tied to CTS. At each 
station, software codes are stored in external EPROM 
(2732A). Static RAM (2Kx8) is used as external trans- 
mit/receive buffer. There is no hardware handshaking 
done between the stations. The serial clock is extracted 
from the data line using the on-chip phase locked loop. 


292019-18 


PRIMARY 
STATION 
, 


- 


SECONDARY 
SECONDARY 
STATION 
STATION 


Figure 16. SDLC Multldrop 
Application 
Example 


SECONDARY 


PRIMARY 


SECONDARY 


292019-19 
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6.2.3 PRIMARY SOFTWARE 


Main Routine 


During initialization (see Figure 19), the 8044 is set to 
Flexible mode, internally clocked at 375 Kbps, and 
configured to handle standard SDLC frames. The on- 
chip receive and transmit butTer starting addresses and 
lengths are selected. The external transmit butTer is 
chosen from physical location 2DOH to location 2FFH 
(255 bytes). The external transmit 
butTer (external 
RAM) is loaded with data (FFH, FEH, FDH, FCH, 
... 
DOH). Timer 0 is put in counter mode and set to 
priority I. The counter register (TLO) is loaded such 
that interrupt occurs after 8 transitions on the data line. 
The Pre-Frame Sync option (setting bit 2 of the SMD 
register) is selected to guarantee at least 16 transitions 
before the opening flag of a frame. 


Main Program 


Figure 19. Primary Station Flow Charts 


292019-21 


The station address register (STAD) is loaded with ad- 
dress of one of the secondary stations. The RTS, TBF, 
and RBE bits of the STS register are simultaneously set 
and a call to the transmit routine follows. The transmit 
routine transmits the contents of the external transmit 
butTer. At the end of transmission, RTS and TBF are 
cleared by the SIU, and SIU interrupt occurs. In Flex- 
ible mode, SIU interrupt occurs after every transmis- 
sion or reception of a frame. 


SIU Interrupt 
Routine 


In the SIU interrupt service routine (see Figure 20), SI 
is cleared and the RBE bit is checked. If RBE is set, a 
long frame has been transmitted. The first time through 
the SIU interrupt service routine, the RBE test indi- 
cates a.long frame has been transmitted to one of the 
secondary stations. Therefore, the Counter is initialized 


= 1. FRAME XMInED 
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SIU Interrupt 


Figure 20. Primary Station Flow Charts 
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and turned on. The program returns from the interrupt 
routine before a frame appears on the communication 
channel. 


When a frame appears on the communication 
line, 
counter interrupt occurs and the receive routine is exe- 
cuted to move the incoming bytes into the external 
RAM. After reception of the frame and return from the 
receive routine, SIU interrupt occurs again. 


In the SIU interrupt routine, RBE is checked. Since the 
RBE bit is clear, a frame has been received. Therefore, 
the appropriate NS and NR counters are incremented 
and loaded into the TCB register (two pairs of internal 
RAM bytes keep track of NS and NR counts for the 
two secondary stations). Transmission of a frame to the 
next secondary station is enabled by setting the RTS 
and the TBF bits. The chip is also put in receive mode 
(RBE set), and a call to transmit routine is made. After 
transmission, SIU interrupt occurs again, and the pro- 
cess continues. 


6.2.4 SECONDARY 
SOFTWARE 


Main Routine 


Both secondary stations have identical software (Ap- 
pendix B). The only differences are the station address- 
es. Contents of the STAD register are 55H for one sta- 
tion and 44H for the other. 


SET UP EXTERNAL AND INTERNAL 
TRANSt.CIT AND RECEIVE BUFFERS 


292019-23 
Main Program 


Figure 21. Secondary 
Station 
Flow Charts 


During initialization, the chip is set to Auto mode, 
standard 
SDLC 
frame, 
and 
internally 
clocked 
at 


375 Kbps (see Figure 21). Internal 
buffer registers: 


RBS, RBL, TBS, and TBL are initialized. The RBE bit 
is set and the counter 0 is turned on. 


The secondary is configured to transmit an Information 
frame every time it is polled. The RTS pin is inverted 
and tied to INTl 
pin. External interrupt 
I is enabled 
and set to interrupt on low to high transition of the 
RTS signal. This will cause an interrupt (EX I set) after 
a frame is transmitted. In the interrupt routine the CTS 
pin is cleared to prevent any automatic response from 
the secondary. If the CTS pin were not disabled, the 
secondary station would respond with a supervisory 
frame (RNR) since the TBF is set to zero by the SIU 
due to the acknowledge. In the SIU interrupt routine, 
the CTS pin is cleared after the TBF bit is set. If this 
option is not used, the primary should acknowledge the 
previously received frame and poll for the next frame in 
two separate transmissions. 


SIU Interrupt 
Routine 


When a frame is received, counter 0 interrupt occurs 
and the receive routine is executed (see Figure 22). If 
the incoming frame is addressed to the station, the in- 3 
formation bytes are stored in external RAM; Other- 
wise, the program returns from the receive routine to 
perform other tasks. At the end of the frame, SIU inter- 
rupt occurs. In Auto mode, SIU interrupt occurs when- 
ever an Information frame or a supervisory frame is 
received. Transmission will not cause an interrupt. In 
the SIU interrupt service routine, the AM bit of the 
STS is checked. 


If AM bit is set, the interrupt is due to a frame whose 
address did not match with the address of the station .: 
In this case, NFCS, AM, and the BOY bits are cleared, 
the RBE bit is set, the counter 0 is initialized and 
turned on, and program returns from the interrupt rou- 
tine. 


If AM bit is not set, a valid frame has been received and 
stored in the external RAM. TBF bit is set, CTS pin is 
activated, counter 0 is disabled and a call to transmit 
routine is made which transmits the contents of exter- 
nal transmit buffer. This frame also acknowledges the 
reception of the previously received frame (NS and NR 
are automatically incremented). Upon return from the 
transmit routine RBE is set and counter 0 is turned on, 
thereby putting the chip in the receive mode for anoth- 
er round of data exchange with the primary. 


Note that, if the second station is in receive mode, and 
the counter is enabled and turned on, the CPU will be 
interrupted each time a frame is on the communication 
channel. If the frame is not addressed to the secondary 
station, the chip enters the receive routine, executes 
only a few lines of code (address comparison) and re- 
turns to perform other tasks. This interrupt 
will not 
occupy the CPU for more than two data byte periods 
(43 microseconds at 375 Kbps). At the end of the 
frame, the BOY bit is set by the SIU, and the SIU 
interrupt occurs. In the SIU interrupt service routine, 
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= 1. ADDRESS 
MATCHED 


292019-24 
SIU Interrupt 


Figure 22. Secondary 
Station 
Flow Charts 


the RBE bit is set and the counter is turned on which 
put the chip back in the receive mode. 


6.2.5 RECEIVE 
INTERRUPT 
ROUTINE 


Assembly code for the receive interrupt routine can be 
found in both primary and secondary software (Appen- 
dix B). The receive interrupt routine of the primary 
station is very similar to that of the primary station in 
example 1. In the following two sections the receive and 
transmit 
routine of the secondary stations are dis- 
cussed. 


In the receive interrupt service routine (see Figure 23), 
counter a is turned off, important registers are saved, 
receive buffer starting address and receive buffer length 
of the external RAM are set (do not confuse the exter- 
nal RAM settings with that of the internal RAM buff- 
er.) 


After reception of an opening flag, the byte processor 
jumps to the ADDRESS state and waits until the bit 
processor processes and moves the receiving address 
byte to SR. Then, the byte processor is triggered to 
execute the state. In the secondary stations, the CPU 
monitors the SIUST register for the ADDRESS state 
(SIUST 
= 
a8H). 
When 
the 
ADDRESS 
state 
is 


reached, the byte processor is moved to the next state 
(CONTROL 
state), 
and 
the 
ADDRESS 
state 
is 


skipped. Therefore, when the address byte is moved to 
SR, the byte processor executes the CONTROL state 
rather than the ADDRESS state and then jumps to the 
PUSH-I state. The execution of the CONTROL state 
causes the contents of SR (the received address byte) to 
be loaded into the RCB register. 


The CPU checks the contents of RCB with the contents 
of the STAD (Station Address) register. If they match, 
the receive routine continues to store the received In- 
formation bytes in the external RAM buffer; Other- 
wise, the byte processor is moved to the very last state 
(BOY-LOOP), and the program returns from the rou- 
tine to perform other tasks. The byte processor executes 
the BOY-LOOP state in each byte boundary until the 
closing flag of the frame is reached. It then sets the 
BOY bit and interrupts the CPU (serial interrupt SI 
set). In the serial interrupt 
routine the counter a is 


turned back on, and the station is reset back to the 
receive mode (RBE set). 


In Normal operation, in the ADDRESS state, the re- 
ceived address byte is automatically compared with the 
station address. If they match, the byte processor exe- 
cutes the remaining states; otherwise, the byte proces- 
sor goes into the idle mode (SIUST = OlH] and waits 
for the opening flag of the next frame. In the expanded 
operation, this state is skipped to avoid idle mode. If 
the byte processor went into the idle mode, clocks 
which run the byte processor would be turned off, and 
the byte processor can not be moved to any other states 
by the CPU. When the byte processor is in idle mode, 
counter a can not be turned on immediately because 
counter interrupt occurs on the same frame, and pro- 
gram returns to the receive routine and stays there. 


If the address byte matches the station address, the byte 
processor is moved to the CONTROL state again. This 
time, after execution of the CONTROL state the con- 
tents of RCB are the received control byte. 


CPU investigates the type of received frame by check- 
ing the received control byte. If the receiving frame is 
not an information frame (i.e. Supervisory frame), exe- 
cution of receive routine will be terminated to free the 
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CPU. In Auto mode, the SIU checks the control byte 
and responds automatically in response to the supervi- 
sory frame. 


After the control byte is received, it is saved in the 
stack. The byte processor is moved to the CONTROL 
state so that the next incoming byte will also be loaded 
into the RCB register. The byte processor remains in 
CONTROL state until a byte is processed by the bit 
processor and moved to SR. The byte processor is then 
triggered to move the contents of SR to the RCB regis- 
ter. The CPU monitors SIUST and waits until the first 
Information byte is loaded into the RCB register. 


When byte processor reaches the PUSH-I state (SIUST 
= ISH), RCB contains the first Information byte. The 
byte is moved to external RAM (receive buffer), and 
the byte processor is moved back to the CONTROL 
state. The process continues until all of the Information 
bytes are received. When all the Information bytes are 
received, the program returns from the routine. The 
byte processor automatically goes through the remain- 
ing states, updates the STS register, and interrupts the 
CPU as it would in Normal operation. 


6.2.6 TRANSMIT 
SUBROUTINE 


The transmit subroutine codes can be found in the pri- 
mary and the secondary software (Appendix B). The 
transmit subroutines of the Primary and secondary sta- 
tions are identical. A call to transmit routine is made 
when the RTS and TBF bits of the STS register are set. 
In Auto mode, RTS is set automatically upon reception 
of a poll-frame (poll bit of the control byte is set). 


In the transmit routine (see Figure 15),the starting ad- 
dress and the transmit buffer length of the external 
buffer are set. Then the CPU monitors the SIUST regis- 
ter for CONTROL state (SIUST = ASH). In the 
CONTROL state the bit processor transmits the con- 
trol byte, while the byte processor goesinto the standby 
mode after it has moved the contents of a location in 
the internal RAM addressed by the contents of Trans- 
mit Buffer Start (TBS) register to the RB register. 


While the control byte is being transmitted and the byte 
processor is in standby, the CPU movesan Information 


byte from external RAM to the internal RAM location 
addressed by TBS. The byte processor is then moved to 
CONTROL state. This will cause the byte processor, in 
the next byte boundary, to move the contents of the 
same location in the internal RAM to the RB register 
(see transmit state diagram.) 


When this byte is being transmitted, the byte processor 
jumps to the OMA-LOOP state (SIUST = BOH)and 
waits. When the OMA-LOOP state is reached (CPU 
monitors SIUST for BOH),the CPU loads the next In- 
formation byte into the same location in the internal 
RAM and moves the byte processor to the CONTROL 
state before it gets to execute the OMA-LOOP state. 
Note that the same location in the internal RAM is 
used to transmit the subsequent Information bytes. 


When all the Information bytes from the external 
RAM are transmitted, the byte processor is free to go 
through the remaining states so that it will transmit the 
FCS bytes and the closing flag. 


7.0 
CONCLUSIONS 


The RUPI, with addition of only a few bytes of code, 
can accept and transmit large frames with some com- 
promise in the maximum data rate. It can be used in 
Auto or Flexible mode, with external or internal clock- 
ing, automatic CRC checking, and zero bit insertion/ 
deletion. In addition, almost all of the internal RAM is 
available to be used as general purpose registers, or in 
conjunction with the external RAM as transmit and 
receive buffers. 


All in all, this feature opens up new areas of applica- 
tions for this device. Besides transmitting/receiving 
long frames, it may now be possible to perform arith- 
metic operations or bit manipulation (e.g. data scram- 
bling) while transmission or reception is taking place, 
resulting in high throughput. Transmission of continu- 
ous flags and transmission with no zero insertion are 
also possible. 


In addition to unlimited frame size, an on-chip control- 
ler, automatic SOLC responses, full support of SOLC 
protocol, 192 bytes of internal RAM, and the highest 
data rate in self clocked mode compared to other chips 
make this product very attractive. 
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APPENDIX 
A 
LISTING OF SOFTWARE 
MODULES 
FOR APPLICATION 
EXAMPLE 
1 


$DEBUG NOMOD5l. 
$INCLUDE 
(REG44.PDF) 


ASSEllBLYCODE FOR 
PRDlARY STATION 
(POINT TO POINT) 
FLEXIBLE MODE; FCS OPTION 


ORG 
SJMP 
ORG 
JMP 
ORG 
SJHP 


OOH 
INIT 
OBH 
REC 
23H 
SIINT 


LOCATIONS 00 THRU 26H ARE USED 
BY INTERRUPT SERVICE ROUTINES. 
VECTOR ADDRESS FOR TIMERO INT. 


: VECTOR ADDRESS FOR SIU INT. 


292019-28 


292019-29 


1** •••••• 
****.*.*.**** 
INITIALIZATION 
**** ••• *** •• ***.******.*** 


ORG 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
SJHP 


26H 
SIID,fOOOOOllOB 
TBS,f20H 
TBL,fOl.H 
20H,f55H 
TII0D,fOOOOOlllB 
IE,flOOl.OOl.OB 
STS,flllOOOOOB 
DOT 


INIT: 
EXT CLOCK: PFS-NB-l 
INT TRANSMIT BUFFER START 
INT TRANSMIT BUFFER LENGTH 
STATION ADDRESS 
COUNTER FUNCTION: MODE 
EA-l.:SI-l.:ETO-l. 
TRANSMIT A FRAME 
WAIT FOR AN INTERRUPT 
DOT: 


: SIU TRANSMITS THE PFS BYTES, THE OPENNING FLAG, THE CONTENTS 
: OF LOCATION 20H, THE CALCULATED FCS-BYTES, AND THE CLOSING 
: FLAG. 
AT THE END OF TRANSMISSION, SIU INTERRUPT OCCURS. 


;***** ••*****. 
SERIAL 
CHANNEL 
INTERRUPT 
ROUTINE 
***.* ••*.*** ••*. 


SIINT: 
CLR 
SI 
JNB 
RBE,RECVED 
TRANSMITTED A FRAME ? 
MOV 
TLO,fOF8H 
YES, INITIALIZE COUNTER REGISTER 
MOV 
DPTR,f200H 
EXT RAM RECEIVE BUFFER START 
MOV 
R5,fOFFH 
EXT RAM RECEIVE BUFFER LENGTH 
SETB 
TRO 
TURN ON COUNTER 0 
RETI 
RETURN 
WHEN A FRAME APPEARS ON THE SERIAL CHANNEL, COUNTER 
(RECEIVE) 
INTERRUPT OCCURS. AFTER SERVICING THE INTERRUPT ROUTINE, SIU 
INTERRUPT OCCURS. 


REeVED: MOV 
STS,fl.l.100000B 
RETI 
TRANSMIT A FRAME 
RETURN 


;•• ** •••• *******. 
RECEIVE 
INTERRUPT 
ROt1'1'INE ********** 
•• ******** 


REC: 
CLR 
TRO 
DISABLE THE COUNTER 0 INTERRUPT 
MOV 
A,fl.8H 
PliSH-l.STATE 
WAITl.: CJNE 
A,SIUST,WAITl. 


NEXTI: 
MOV 
SIUST,fOEFH 
MOVE BYP TO CONTROL STATE 
MOV 
A,fl.8H 
PUSH-l.STATE 
WAIT2: 
CJNE 
A,SIUST,WAIT2 
MOV 
A,RCB 
MOVE RECEIVED BYTE INTO ACC. 
MOVX 
@DPTR,A 
MOVE DATA TO EXT. RAM 
INC 
DPTR 
INCREMENT POINTER TO EXT RAM 
DJNZ 
R5,NEXTI 
LAST BYTE RECEIVED? 
RETI 
YES, RETURN 
END 
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$DEBUG 
NOMODSl 
$INCLUDE 
(REG44.PDF) 


ASSEMBLY 
CODE 
FOR SECONDARY 
STATION 
(POINT TO POINT) 
FLEXIBLE 
MODE; 
FCS OPTION 


ORG 
OOH 
SJlIP 
INIT 
ORG 
2JH 
SJlIP 
SIINT 
; VECTOR 
ADDRESS 
FOR SIU 
INT. 


;** •••••• **** •••• 
LOAD 
TRANSMIT 
BUFFER 
WITH 
DATA 
••••••• ** •••• 


EXT RAM 
XMIT 
BUFFER 
START 
EXT RAM 
XMIT 
BUFFER 
LENGHT 


;········*******····INITIALIZATION 
••••••••• ***** •• ** ••••••••• 


LOAD 
EXT 
BUFFER 
WITH 
FFH,FEH, ••• 
INCREMENT 
POINTER 


DOT. 


MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
SJMP 


SMD,tOOOOOllOB 
Rl,110H 
TBS,Rl 
TBL,t01H 
RBS,t20H 
RBL, t01H 
STAD,t5SH 
TCON,tOOH 
IE,110010000B 
IP,tOFFH 
STS,tOl000000B 
DOT 


ORG 
INIT: 
MOV 
MOV 
LORAM. 
MOV 
MOVX 
INC 
!lJNZ 


26H 
DPTR,t200H 
RJ, tOFFH 
A,R3 
@DPTR,A 
DPTR 
R3,LDRAM 


EXT 
CLOCK; 
PFSzN~l 


INT RAM 
XMIT 
BUFFER 
START 
INT RAM 
XMIT 
BUFFER 
LENGTH 
lINT 
RAM 
RECEIVE 
BUFFER 
START 
INT RAM 
RECEIVE 
BUFFER 
LENGTH 
STAD 
ADDRESS-SSH 
RESET 
TCON 
REGISTER 
ENABLE 
SI 
INT. 
;EA-l 
ALL 
INTERRUPTS. 
PRIORITY 
1 
RBE-l, 
RECEIVE 
A 
FRAME. 
WAIT 
FOR AN 
INTERRUPT 


I SIU 
INTERRUPT 
OCCURS 
AT THE 
END OF A RECEIVED 
FRAME 
OR 
; A TRANSMITTED 
FRAME. 
,•• **.*** •••• *** 
SERZAL 
CHANNEL 
INTERRUPT 
ROUTINE 
*** ••••••••• 
292019-30 


RECEIVED 
A FRAME? 
YES 
STATION 
ADDRESS 
MATCHED? 
YES, 
CALL 
TRANSMIT 
SUBROUTINE 


NMACH. 
SETB 
RBE 
RETRH. 
RETI 


TRANSMIT 
SUBROUTINE 
IS CALLED 
TO TRANSMIT 
A LONG 
FRAME. 


AFTER 
TRANSMISSION, 
SI IS SET. 
SIU 
INTERRRUPT 
IS SERVICED 
Al"'l'ERTHE 
CURRENT 
ROUTINE 
(SIINT) 
IS COMPLETED. 


; RBE-l, 
RECEIVE 
A FRAME 
; RETURN 


292019-31 


;***** ••••••••• 
TRANSMIT 
SUBROUTINE 
***.** •• **** ••••• **.** •••• 


TRAN: 
MOV 
DPTR,t200H 
EXT RAM RECEIVE 
BUFFER 
START 
MOV 
RS, tOFFH 
EXT RAM RECEIVE 
BUFFER 
LENGTH 
SETB 
TBF 
SET TRANSMIT 
BUFFER 
FULL 
SETB 
RTS 
ENABLE 
XMISSION 
OF AN 
I-FRAME 
LOOP: 
MOVX 
A,@DPTR 
MOVE 
THE 
1ST I-BYTE 
INTO 
ACC. 
MOV 
@Rl,A 
THEN, 
MOVE 
TO 
INT. 
RAM 
@ 
(TBS) 
MOV 
A,tOBOH 
DMA-LOOP 
STATE 
WAIT1. 
CJNE 
A, SIUST, 
WAITl 
WAIT 
FOR XMISSION 
OF AN 
I-FRAME 
INC 
DPTR 
INCREMENT 
POINTER 
TO EXT. 
RAM 
!lJNZ 
RS,NEXTI 
ALL 
BYTES 
XMITTED? 
MOVX 
A,@DPTR 
YES, 
EXCEPT 
THE 
LAST 
BYTE. 
MOV 
@Rl,A 
MOVE 
DATA 
INTO 
INT. 
RAM 
@ 
(TBS) 
MOV 
SIUST,tS7H 
MOVE 
BYP TO CONTROL 
STATE 
THE SIU TRANSMITS 
THE 
FCS-BYTES 
AND 
THE CLOSING 
FLAG. 
RET 
RETURN 
NEXTI: 
MOV 
SIUST,t57H 
MOVE 
BYP TO CONTROL 
STATE 
(ASH) • 
JlIP 
LOOP 
TRANSMIT 
THE 
NEXT 
BYTE 
END 


SIINT. 
CLR 
SI 
JB 
RBE, RETRN 
MOV 
A,STAD 
CJNE 
A,20H,NMACH 
ACALL 
TRAN 
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APPENDIX 
B 
LISTING OF SOFTWARE 
MODULES 
FOR APPLICATION 
EXAMPLE 2 


$DEBUG NOKODSl 
$INCLUDE (REG44.PDF) 


I ASSEMBLY CODE FOR PRIMARY STATION 
(KULTIPOINT) 
FLEXIBLE KODE; FCS OPTION 


ORG 
SJKP 
ORG 
JKP 
ORG 
SJKP 


OOH 
INIT 
OBH 
REC 
23H 
SIINT 


LOCATIONS 00 THRU 26H ARE USED 
BY INTERRUPT SERVICE ROUTINES. 
VECTOR ADDRESS FOR TINERO INT. 


I VECTOR ADDRESS FOR SIU INT. 


,**** •••••• 
**•••• 
LOAD 
TRANSMIT 
BUFFER 
WITH 
DATA **•• *••••••• 


ORG 
26H 
INIT: 
KOV 
DPTR,1200H 
I EXT RAM XKIT BUFFER START 
KOV 
R3,'OFFH 
EXT RAM XKIT BUFFER LENGNT 
LDRAM: KOV 
A,R3 
KOVX 
@DPTR,A 
I LOAD BUFFER WITH FFH,FEH, •••00 
INC 
DPTR 
INCREMENT POINTER 
DJNZ 
R3 ,LDRAM 


;.*.*********** •••••• * 
INITIALIZATION 
*** ***** ••• ** ****.***** 
292019-32 


KOV 
RO,'OBFH 
PUT 
ZEROS INTO INT. RAM 
LOOP: 
KOV 
A"OOH 
FROK BFH TO 40H. 
KOV 
@RO,A 
KOVE o INTO RAM ADDRESSD BY RO 
DEC 
RO 
CJNE 
RO,f40H,LOOP 


KOV 
30H,'00H 
NS COUNTER FOR STAD-55 
KOV 
31H"OOH 
HR COUNTER FOR STAD-55 
KOV 
J2H,'OFFH 
NS COUNTER FOR STAD-44 
KOV 
33H,'OFFH 
HR COUNTER FOR STAD-44 
KOV 
34H"01H 
PONITER TO SECONDARY STATIONS 
KOV 
SKD,'1l010100B 
INT. CLKED , 375K; NRZI-l; PFS-l 
KOV 
RBS,I10H 
INT. RAM RECEIVE BUFFER START-lOH 
KOV 
RBL,'OOH 
INT. RAM RECEIVE BUFFER LENGTH-O 
KOV 
RI,'20H 
INT. RAM XKIT BUFFER START-20H 
KOV 
TBS,Rl 
KOV 
TBL,'OlH 
INT. RAM XKIT BUFFER LENGTH~l 
KOV 
NSHR"OOH 
NS-HR-O 
KOV 
TKOD,'OOOOOlllB 
COUNTER FUNCTION, KODE 3 
KOV 
TCON"OOH 
KOV 
IE,I10010010B 
I EA-I; SI-I; ETO-l 
KOV 
IP,,00000010B 
TINER 0 INT. PRIORITY 1 
KOV 
TCB,'00010000B 
I-FRAME W/POLL 
KOV 
STAD"55H 
ADDRESS BYTE-55H 
KOV 
STS,111100000B 
RBE-TBF-RTS-l 


TRANSKIT A LONG FRAME WITH POLL BIT SET, WAIT FOR A 


I RESPONSE. 


ACALL TRAN 
SJKP 
DOT 
CALL TRANSKIT ROUTINE 
WAIT FOR AN INTERRUPT 
DOT: 
292019-33 
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SIINT: 
,.************ 
SERIAL 
INTERRUP'l' 
ROUTINE 
--_.- 
•• -. 
__ ._. 
__ ._._- 


SKIP: 


REC: 


WAIT1: 


NEXTI: 


WAIT2: 


TRAIl: 


WAIT, 


NK'l'I: 


END 


CLR 
JB 
MOV 
JB 
MOV 
CJNE 
MOV 
INC 
ANL 
MOV 
MOV 
INC 
ANL 
MOV 
RL 
RL 
RL 
RL 
ORL 
RL 
ORL 
MOV 


MOV 
MOV 
JMP 
MOV 
tNC 
ANL 
MOV 
MOV 
tNC 
ANL 
MOV 
RL 
RL 
RL 
RL 
ORL 
RL 
ORL 
MOV 


SI 
RBE, RE'l'UlUI 
A,RCB 
ACC.O,GETI 
A, 'OlH 
A,34H,SKIP 
A,30H 
A 
A, 'OOOOOl1lB 
30H,A 
A,31H 
A 
A,'OOOOOll1B 
llH,A 
A 
A 
A 
A 
A,30H 
A 
A"OOOlOOOOB 
Tes,A 


STAD,'55H 
34H,fOOH 
GETI 
A,32H 
A 
A, ,OOOOOll1B 
32H,A 
A,33H 
A 
A,'OOOOOl1lB 
33K,A 
A 
A 
A 
A 
A,33H 
A 
A,'OOOlOOOOB 
TCB,A 


CLEAR 
SI 
RECEIVED 
A l'RAIIE 
? 
YES, 
LOAD ACC WITH 
REC 
CNTRL 
BYTE 
IS 
IT 
AN I-l'RAIIE 
? 
I 
YES 


MOVE NS 
INTO 
ACC. 
INCRl!I!ENT 
NS 
MASK OUT 
THE 
LEAST 
3 
SIG. 
BITS 
SAVE 
NS 
MOVE HR 
INTO 
ACC. 
INCREMENT 
HR 
MASK OUT 
THE 
LEAST 
3 
SIG. 
BITS 
SAVE 
HR 
SHIFT 
4 BITS 
TO 
LEFT 


MOVE NS 
COUNT TO ACC. 
SHIFT 
1 
BIT 
TO 
LEFT 
SET 
THE 
POLL 
BIT 
MOVE CONTROL 
BYTE 
INTO 
TCB 
REG. 
TeB: 
NR2,NR1,NRO, 
1,NS2,NS1,NSO, 
0 


292019-34 
MOVE NS 
INTO 
ACC. 
INCREMENT 
NS 
MASK OUT THE 
LEAST 
3 
SIG. 
BITS 
SAVE 
NS 
I 
MOVE HR 
INTO 
ACC. 
INCREMENT 
HR 
MASK OUT THE 
LEAST 
3 
SIG. 
BITS 
SAVE 
HR 
SHIFT 
4 
BITS 
TO 
LEFT 


MOVE NS 
COtlllT 
TO ACC. 
SMIFT 
1 
BIT 
TO LEFT 
SET 
THE 
POLL 
BIT 
MOVE CONTROL 
BYTE 
INTO 
TCB 
TeB: 
Kil2,NR1,NRO,1,NS2,KS1,HSO,O 


ENABLE 
TRAIISMISSION 
CALL 
TRAIISMIT 
ROUTINE 


DISABLE 
ALL 
INTERRUPTS 
INTERRUPT 
AFTER 
8 
COtlllTS 
TURN 
ON COtlllTER 
0 


,**.**** ••••••• 
RECEIVE 
INTERRUPT 
ROUTINE 
.t 
t_ ••• 
._ 
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MOV 
STAD, '44H 
MOV 
HH, 
'OlM 
GETI: 
MOV 
STS,'lllOOOOOB 
ACALL 
TRAIl 
RETI 
RETURN: 
CLR 
EA 
MOV 
TLO,'OFBH 
SETB 
TRO 
SETB 
EA 
RETI 


TURN 
OFF 
COtlllTER 
0 
EXT. 
RAM 
RECEIVE 
BUFFER 
START 
EXT. 
RAM 
RECEIVE 
BUFFER 
LENGTH 
PUSH-l 
STATE 
WAIT 
FOR 
THE 
CONTROL 
BYTB 
SAVE 
RECEIVE 
CONTROL 
BYTE 
PUSH 
"BYP" 
INTO 
CONTROL 
STATE (lOH) 
• 
PUSH-l 
STATE 
WAIT 
FOR 
AN I-BYTE 
MOVE RECEIVED 
I-BYTE 
INTO 
ACC. 
MOVE DATA TO 
EXT. 
RAM 
INCREMENT 
PTR 
TO 
EXTERNAL 
RAM 
IS 
IT 
THE 
LAST 
I-BYTE? 
YES, 
RESTORE 
THE 
CONTENTS 
OF 
RCB 
RETURN 
;••*--••••••••• _-- TRANSMIT 
SUBROUTINE 
---_ 
••• 
_ ••• 
_ •••••••••• 


, 


CLR 
MOV 
MOV 
MOV 
CJNE 
PUSH 
MOV 
MOV 
CJNE 
MOV 
MOVX 
INC 
OJNZ 
POP 
RETI 


TRO 
DPTR, 
'400H 
R5,'OFFH 
A, '18H 
A, SIUST, 
WAITl 
RCB 
SIUST,'OEFH 
A, fl8K 
A, SIUST, 
WAIT2 
A,RCB 
fDPTR,A 
DPTR 
R5,NEXTI 
RCB 


MOV 
MOV 
MOV 
CJIIE 
MOVX 
MOV 
INC 
OJNZ 
MOV 
RET 
IfOV 
MOV 
JMP 


DPTR,t200H 
R5,'OFFH 
A, ,OASH 
A,SIUST,WAIT 
A,IDPTR 
fRl,A 
DPTR 
R5,NXTI 
SIt1ST, 
,57H 


SIU5T,,!S7H 
A"OBOH 
WAIT 


EXT. 
RAM 
TRAIISMIT 
BUFFER 
START 
EXT. 
RAM 
TRAIISMIT 
BUFFER 
LENGTH 
CONTROL 
STATE 
WAIT 
FOR 
CTRL 
BYTE 
XMISSION 
MOVE DATA FROM EXT. 
RAM 
TO ACC. 
MOVE DATA INTO 
INT. 
RAM 
• 
(TBS) 
INCREMENT 
POINTER 
IS 
IT 
THE 
LAST 
I-BYTE 
? 
NO. 
XMIT 
THE 
LAST 
I-BYTE 
RETURN. 
XEEP 
"BYP" 
IN 
CONTROL 
STATE (A8H) 
• 
OMA-LOOP 
STATE 
TRAIISMIT 
THE 
NEXT 
BYTE 
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$DEBUG 
NOMODSl 
$INCLUDE 
(REG44.PDF) 


ASSEMBLY 
CODE 
FOR SECONDARY 
STATIONS 
(MULTlPOINT) 
AUTO 
MODE; 
FCS OPTION 


ORG 
OOH 
SJHP 
INIT 
ORG 
OBH 
VECTOR 
ADDRESS 
FOR TlMERO 
INT. 
JHP 
REC 
ORG 
13H 
VECTOR 
ADDRESS 
FOR EXT. 
INT. 
1 
JHP 
XINTl 
ORG 
23H 
VECTOR 
ADDRESS 
FOR 
SIU 
INTERRUPT 
JHP 
SIINT 


INIT: 


;******··******·****INITIALIZATION 
•••••••• ***** •• **.** ••** ••• 


ORG 
MOV 
MOV 


26H 
SMD,t11010100B 
STAD,t5SH 
INT. 
CLKED 
@ 37SK;NRZI-l/PFS-l 
STATION 
ADDRESS; 
STAD-44H 
FOR THE 
OTHER 
STATION 
INT. RAM RECEIVE 
BUFFER 
START 


/ INT. RAM RECEIVE 
BUFFER 
LENGTH 


INT. RAM 
XMIT 
BUFFER 
START 
INT. RAM 
XMIT 
BUFFER 
LENGTH 
NS-NR-O 
EXT. 
INT.: 
EDGE 
TRIGGERED 
SI-l; 
ETO-l; 
EXO-l 


TIMER 
0: PRIORITY 
1 
COUNTER 
FUNCTION: 
MODE 
RECEIVE 
I-FRAME. 


SET 
COUNTER 
TO OVERFLOW 
AFTER 
8 COUNTS 
SETB 
TRO 
TURN 
ON COUNTER 


SETB 
EA 
/ ENABLE 
ALL 
INTERRUPTS 
DOT: 
SJHP 
DOT 
WAIT 
FOR AN 
INTERRUPT. 


; CPU 
IS INTERRUPTED 
AT THE 
END OF RECEPTION 
(SI SET), 
AND AT" 
; THE 
END OF LONG-FRAME 
TRANSMISSION 
(EXO SET). 
" 


MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 


RBS,flOH 
RBL,tOOH 
Rl,f20H 
TBS,Rl 
TBL, 'OlH 
NSNR,'OOH 
TCON,t00000100B 
IE,'00010110B 
IP,'00000010B 
TMOD,'OOOOOl1B 
STS,,01000010B 
TLO, 'OF8H 
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XINT1: 
SETB 
Plo 7 
RETI 


1**** ••••••• 
** •• EXTERNAL 
INTERRUPT 
** •• ***** ••••• 
*** ••• **** ••• 


; DISABLE 
CTS 
PIN 
; RETURN. 


:****** •••• ***** 
SERIAL 
INTERRUPT 
ROUTINE 
**** •••• *** •• *** •••• 


SIINT: 
CLR 
JB 
CLR 
MOV 
MOV 
SETB 
SETB 
RETI 


SI 
AM, HOP 
EA 
STS,'01000010B 
TLO,'OF8H 
TRO 
EA 


; 
HOP: 
JB 
TBF,GETI 
SETB 
TBF 
CLR 
Pl.7 
ACALL 
TRAN 
GETI: 
JB 
RBE, RETURN 
CLR 
EA 
SETB 
RBE 
MOV 
TLO,'OF8H 
SETB 
TRO 
SETB 
EA 
RETURN: 
RETI 


ADDRESS 
HATCHED? 


DISABLE 
ALL 
INTERRUPTS 
RBE-l; 
NB-l 


TURN 
ON 
COUNTER 
0 
ENABLE 
ALL 
INTERRUPTS 
RETURN. 


A FRAME 
TRANSMITTED? 
ENABLE 
TRANSMISSION 
OF 
I-FRAME 
ENABLE 
CTS 
PIN 
CALL TRANSMIT 
ROUTINE 
A FRAME 
RECEIVED? 
DISABLE 
ALL 
INTERRUPTS 
PUT RUPI 
IN RECEIVE 
MODE 


TURN 
ON COUNTER 
0 
ENABLE 
ALL 
INTERRUPTS 
RETURN. 
292019-38 


TRAN: 


;***** •• ***** •• *** 
TRANSMIT 
SUBROUTINE 
** •••••••••• 
****.*** ••• 


WAIT: 


NXTI: 


MOV 
MOV 
MOV 
CJNE 
MOVX 
MOV 
INC 
DJNZ 
MOV 
RET 
MOV 
MOV 
JHp 


DPTR,f200H 
R5,tOFFH 
A,tOA8H 
A,SIUST,WAIT 
A,@DPTR 
@Rl,A 
DPTR 
R5,NXTI 
SIUST, ,57H 


SIUST,t57H 
A,tOBOH 
WAIT 


EXT. 
RAM 
TRANSMIT 
BUFFER 
START 
EXT. 
RAM 
TRANSMIT 
BUFFER 
LENGTH 
CONTROL 
STATE 
WAIT 
FOR 
CONTROL 
BYTE TRANSMISSION 
MOVE 
DATA 
FROM 
EXT. 
RAM TO ACC. 
MOVE 
DATA 
INTO 
INT. RAM AT 
@TBS 
INCREMENT 
POINTER 
IS IT THE 
LAST 
I-BYTE 
XMIT 
THE 
LAST 
I-BYTE 
RETURN. 
KEEP 
"BYP" 
IN CONTROL 
STATE 
DHA-LOOP 
STATE 
TRANSMIT 
THE NEXT 
BYTE 
292019-39 
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TURN 
OFF 
COUNTER 
0 
EXT. 
RAIl RECEIVE 
BUFFER 
START 
EXT. 
RAIl RECEIVE 
BUFFER 
LENGTH 
ADDRESS 
STATE 
WAIT 
FOR ADDRESS 
BYTE 
MOVE 
"BYP" 
INTO 
CONTROL 
STATE 
SKIP 
THE ADDRESS 
STATE 
PUSH-1 
STATE 
; WAIT 
FOR THE ADDRESS 
BYTE 
MOVE 
THE RECEIVED 
ADDRESS 
BYTE 
TO ACC. 
ADDRESS 
MATCHED? 
YES. 
MOVE 
INFO. 
CONTROL 
BYTE 
TO RCB 
MOVE 
"BYP" 
INTO 
BOV-LOOP 
STATE 
RETURN 


CLR 
MOV 
MOV 
MOV 
CJNE 
MOV 


TRO 
DPTR,#200H 
RS"OFFH 
A"OSH 
A,SIUST,HOLD 
SlOST"OEFH 


A,flSH 
A,SIUST,WAIT1 
A,RCB 
A,STAD,WAIT2 
WAIT3 
RCB,'OOOlOOOOB 
SIUST"OCFH 


REC: 


;**······**RECElVE 
INTERRUPT ROUTINE••• 
----_ 
•••• 
_._._-----_._. 


MOV 
CJNE 
MOV 
CJNE 
SJ)lP 
XOV 
XOV 
RETI 


MOV 
MOV 
CJNE 
MOV 
JB 
PUSH 
MOV 
MOV 
CJNE 
MOV 
MOVX 
INC 
OJNZ 
POP 
RETI 


SIUST,'OEFH 
A,flSH 
A,SIUST,WAIT4 
A,RCB 
ACC.O,RTRN 
RCB 
SIUST,'OEFH 
A, flSH 
A,SIUST,WAITS 
A,RCB 
@DPTR,A 
DPTR 
R5,NEXTI 
RCB 


HOLD: 


WAIT1: 


WAIT2: 


I 
WAIT3: 


WAIT4: 


NEXTI: 


WAIT5: 


RTRN: 
END 


MOVE 
"BYP" 
INTO 
CONTROL 
STATE 
PUSH-1 
STATE 
WAIT 
FOR THE 
CONTROL 
BYTE 
MOVE 
RECEIVE 
CONTROL 
BYTE 
INTO 
ACC. 
IF NOT AN 
I-FRANE 
RETURN 
SAVE 
RECEIVE 
CONTROL 
BYTE 
PUSH 
"BYP" 
INTO 
CONTROL 
STATE(lOH). 
PUSH -1 STATE 
; WAIT 
FOR AN 
I-BYTE 
MOVE 
RECEIVED 
I-BYTE 
INTO 
ACC. 
MOVE 
DATA 
TO EXT. 
RAIl 
INCREMENT 
PTR TO EXTERNAL 
RAIl 
IS IT THE 
LAST 
I-BYTE? 
YES. 
RESTORE 
THE 
CONTENTS 
OF RCB 
RETURN 
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1.0 INTRODUCTION 


AP-258 


From their introduction in 1982, the highly integrated 
16-bit 80186 and its 8-bit external bus version, the 
80188, have been ideal processor choices for high-per- 
formance, low-cost embedded control applications. The 
integrated 
peripheral 
functions 
and 
enhanced 
8086 
CPU of the 80186 and 80188 allow for an easy upgrade 
of older generation 
control 
applications 
to achieve 


higher performance while lowering the overall system 
cost through reduced board space, and a simplified pro- 
duction flow. 


More and more controller applications need even high- 
er performance in numerics, yet still require the low- 
cost and small form factor of the 80186 and 80188. The 
8087 Numerics Data Coprocessor satisfies this need as 
an optional add-on component. 


The 8087 Numeric Data Coprocessor is interfaced to 
the 80186 and 80188 through the 82188 IBC (Integrat- 
ed Bus Controller). The IBC provides a highly integrat- 
ed interface solution which replaces the 8288 used in 
8086-8087 systems. The IBC incorporates all the nec- 
essary bus control for the 8087 while also providing the 
necessary logic to support the interface between the 
80186/8 and the 8087. 


This application note discusses the design considera- 
tions associated with using the 8087 Numeric Data Co- 
processor with the 80186 and 80188. Sections two, 


three, and four contain an overview of the integrated 
circuits involved in the numerics configuration. Section 
five discusses the 
interfacing 
aspects 
between 
the 


80186/8 and the 8087, including the role of the 82188 
Integrated Bus Controller and the operation of the inte- 
grated peripherals on the 80186/8 with the 8087. Sec- 
tion six compares the advantages of using an 8087 Nu- 
meric Data Coprocessor over software routines written 
for the host processor as well as the advantage of using 
an 80186/8 numerics system over an 8086/8088 nu- 
merics system. 


Except where noted, all future references to the 80186 
will apply equally to the 80188. 


2.0 OVERVIEW OF THE 80186 


The 80186 and 80188 are highly integrated microproc- 
essors which effectively combine up to 20 of the most 
common system components onto a single chip. The 
80186 and 80188 processors are designed to provide 
both higher performance and a more highly integated 
solution to the total system. 


Higher integration results from integrating system pe- 
ripherals onto the microprocessor. The peripherals con- 
sist of a clock generator, an interrupt 
controller, 
a 


DMA controller, a counter/timer 
unit, a programma- 


ble wait state generator, programmable 
chip selects, 


and a bus controller. (See Figure 1.) 
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Figure 1.8018618 
Block Diagram 
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Higher performance results from enhancements to both 
general and specific areas of the 8086 CPU, including 
faster effective address calculation, improvement in the 
execution speed of many instructions, and the inclusion 
of new instructions which are designed to produce opti- 
mum 80186 code. 


The 80186 and 80188 are completely object code com- 
patible with the 8086 and 8088. They have the same 
basic register set, memory organization, and addressing 
modes. The differences between the 80186 and 80188 
are the same as the differences between the 8086 and 
8088: the 80186 has a 16-bit architecture and 16-bit bus 
interface; the 80188 has a 16-bit internal architecture 
and an 8-bit data bus interface. The instruction execu- 
tion times of the two processors differ accordingly: for 
each non-immediate 16-bit data read/write instruction, 
4 additional clock cycles are required by the 80188. 


3.0 
NUMERICS 
OVERVIEW 


3.1 The Benefits of Numeric 


Coprocessing 


The 8086/8 and 80186/8 are general purpose micro- 
processors, designed for a very wide range of applica- 
tions. Typically, these applications need fast, efficient 
data movement and general purpose control instruc- 
tions. Arithmetic on data values tends to be simple in 
these applications. The 8086/8 and 80186/8 fulfill these 
needs in a low cost, effective manner. 


However, some applications require extremely fast and 
complex math functions which are not provided by a 
general purpose processor. Such functions as square 
root, sine, cosine, and logarithms are not directly avail- 
able in a general purpose processor. Software routines 
required to implement these functions tend to be slow 
and not very accurate. Integer data types and their 
arithmetic operations (i.e., add, subtract, multiply and 
divide) which are directly available on general purpose 
processors, still may not meet the needs for accuracy, 
speed and ease of use. 


Providing fast, accurate, complex math can be quite 
complicated, requiring large areas of silicon on inte- 
grated circuits. A general data processor does not pro- 
vide these features due to the extra cost burden that less 
complex general applications must take on. For such 
features, a special numeric data processor is required - 
one which is easy to use and has a high level of support 
in hardware and software. 


3.2 
Introduction 
to the 8087 


The 8087 is a numeric data coprocessor which is capa- 
ble of performing 
complex mathematical 
functions 
while the host processor (i.e. the main CPU) performs 


more general tasks. It supports the necessary data types 
and operations and allows use of all the current hard- 
ware and software support for the 8086/8 and 80186/8 
microprocessors. The fact that the 8087 is a coproces- 
sor means it is capable of operating in parallel with the 
host CPU, which greatly improves the processing pow- 
er of the system. 


The 8087 can increase the performance of floating- 
point calculations by 50 to 100 times, providing the 
performance and precision required for small business 
and graphics applications as well as scientific data pro- 
cessing. 


The 8087 numeric coprocessor adds 68 floating-point 
instructions and eight 80-bit floating-point registers to 
the basic 8086 programming architecture. All the nu- 
meric instructions and data types of the 8087 are used 
by the programmer in the same manner as the general 
data types and instructions of the host. 


The numeric data formats and arithmetic operations 
provided by the 8087 support the proposed IEEE Mi- 
croprocessor Floating Point Standard. All of the pro- 
posed IEEE floating point standard algorithms, excep- 
tion detection, exception handling, infinity arithmetic 
and rounding controls are implemented. The IEEE 
4 


standard makes it easier to use floating point and helps 
to avoid common problems that are inherent to floating 
point. 


3.3 
Escape Instructions 


The coprocessing capabilities of the 8087 are achieved 
by monitoring the local bus of the host processor. Cer- 
tain instructions 
within the 8086 assembly language 
known as ESCAPE instructions are defined to be eo- 
processor instructions and, as such, are treated differ- 
ently. 


The coprocessor monitors program execution of the 
host processor to detect the occurrence of an ESCAPE 
instruction. The fetching of instructions is monitored 
via the data bus and bus cycle status S2-S0, while the 
execution of instructions is monitored via the queue 
status lines QSOand QS1. 


All ESCAPE instructions start with the high-order 5- 
bits of the instruction opcode being 11011. They have 
two basic forms, the memory reference form and the 
non-memory reference form. The non-memory form, 
shown in Figure 2A, initiates some activity in the eo- 
processor using the nine available bits of the ESCAPE 
instruction to indicate which function to perform. 


Memory reference forms of the ESCAPE instruction, 
shown in Figure 2B, allow the host to point out a mem- 
ory operand to the coprocessor using any host memory 
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MOD 


11 
1 1 1 0 1 1 1 1 1 
11 
1 1 1 


115 114 
113 112 
111 110 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 


1st byte 
I 
2ndbyte 
Figure 2A. Non-Memory 
Reference 
ESCAPE Instructions 


addressing mode. Six bits are available in the memory 
reference form to identify what to do with the memory 
operand. 


Memory reference forms of ESCAPE instructions are 
identified by bits 7 and 6 of the byte following the ES- 
CAPE opcode. These two bits are the MOD field of the 
8086/8 or 80186i8 effective address calculation byte. 
Together with the RIM field (bits 2 through 0), they 
determine the addressing mode and how many subse- 
quent bytes remain in the instruction. 


3.4 
Host Response 
to Escape 


Instructions 


The host performs one of two possible actions when 
encountering an ESCAPE instruction: do nothing (op- 
eration is internal to 8087) or calculate an effective ad- 
dress and read a word value beginning at that address 
(required for all LOADS and STORES). The host ig- 
nores the value of the word read and hence the cycle is 
referred to as a "Dummy Read Cycle." ESCAPE in- 
structions do not change any registers in the host other 
than advancing the IP. If there is no coprocessor or the 
coprocessor ignores the ESCAPE instruction, the ES- 
CAPE instruction is effectively a NOP to the host. Oth- 
er than calculating a memory address and reading a 
word of memory, the host makes no other assumptions 
regarding coprocessor activity. 


The memory reference ESCAPE instructions have two 
purposes: to identify a memory operand and, for certain 
instructions, to transfer a word from memory to the 
coprocessor. 


3.5 Coprocessor 
Response to Escape 
Instructions 


The 8087 performs basically three types of functions 
when encountering 
an ESCAPE instruction: 
LOAD 


(read from memory), STORE (write to memory), and 
EXECUTE 
(perform one of the internal 8087 math 


functions). 


When the host executes a memory reference ESCAPE 
instruction intended to cause a read operation by the 
8087, the host always reads the low-order word of any 
8087 memory operand. The 8087 will save the address 
and data read. To read any subsequent words of the 
operand, the 8087 must become a local bus master. 


When the 8087 has the local bus, it increments the 20- 
bit physical address it saved to address the remaining 
words of the operand. 


When the ESCAPE instruction is intended to cause a 
write operation by the 8087, the 8087 will save the ad- 
dress but ignore the data read. Eventually, it will get 
control of the local bus and perform successive writes 
incrementing the 20-bit address after each word until 
the entire numeric variable has been written. 


ESCAPE instructions intended to cause the execution 
of a coprocessor calculation do not require any bus ac- 
tivity. Numeric calculations work off of an internal reg- 
ister stack which has been initialized using a LOAD 
operation. The calculation takes place using one or two 
of the stack positions specified by the ESCAPE instruc- 
tion. The result of the operation is also placed in one of 
the stack positions specified by the ESCAPE instruc- 
tion. The result may then be returned to memory using 
a STORE instruction, thus allowing the host processor 
to access it. 


MOD 
R/M 
16·bitdirectdisplacement 


1....:...1 
.1....:1 
1,-,-1 
.=...JO 1L...:.1-,-11:....c1--'-....I....-1If-"-0.J....:I0'-J.1--,--,--,1....:...1 
.L..I1:...11....::..0 
+-1 
....l........JL....L-'---L..1 
...J....I 
.....JI_I---,--I 
-,-I ...l.1---'-..1...-L.--L- 


115 114 113 112 111 110 19 
18 
17 
16 
15 
14 
13 
12 
11 
10 015014013012011 
01009 
08 
07 
06 
05 
04 
03 
O2 01 
Do 


MOD 
R/M 
16·bitdisplacement 


11 
1 0 I 
I--,---,---,----,--.J........J........I...- 


{"OD 
1..:.1..1.1 
..:...1.L..:I0::..J1...:.1..L1...:...1 
.1-1.Li..Is 
1 1 I 


115 114 113 112 111 110 19 
18 
17 
16 
15 
14 
13 
12 
11 
10 015014013012011 
010 09 
08 
07 
06 
05 
04 
03 
02 
01 
Do 


a·bitdisplacement 


1 
1 
1 
1 
1 
R/M 
1 


1 
1 


MOD 


10 
1 0 I 


R/M 
1 


1 
1 


Figure 2B. Memory 
Reference 
ESCAPE Instruction 
Forms 
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4.0 
OVERVIEW 
OF THE 82188 
INTEGRATED 
BUS CONTROLLER 


4.1 
Introduction 


The 82188 Integrated 
Bus Controller 
(IBC) 
is a highly 
integrated 
version 
of the 8288 Bus Controller. 
The !BC 


provides 
command 
and control 
timing 
signals 
for bus 
control 
and all of the necessary 
logic to interface 
the 


80186 to the 8087. 


4.2 
Bus Control Signals 


The bus command 
and control 
signals 
consist 
of RD, 
WR, 
DEN, 
DT!R, 
and ALE. 
The timings 
and 
levels 
are driven 
following 
the latching 
of valid signals on the 


status 
lines SO-S2. 
When 
SO-S2 change 
state from pas- 


sive to active, 
the !BC 
begins 
cycling 
through 
a state 
. 


machine 
which 
drives 
the 
corresponding 
control 
and 


command 
lines for the bus cycle. As with the 8288, an 


address 
enable input 
(AEN) 
is present 
to allow tri-stat- 


5.0 
DESIGNING 
THE SYSTEM 


ing when other 
bus masters 
supply 
their 
own bus con- 
trol signals. 


4.3 
Bus Arbitration 


The !BC also has the ability 
to convert 
bus arbitration 


protocols 
ofRQ/GT 
to HOLD-HLDA. 
This allows the 


82586 
Local 
Area 
Network 
(LAN) 
Coprocessor, 
the 


82730 Text 
Coprocessor, 
and other 
coprocessors 
using 


the 
HOLD-HLDA 
protocol 
to be 
interfaced 
to the 


8086/8 
as well as allowing 
the 80186/8 
to be interfaced 
to the 8087. In addition 
to converting 
arbitration 
proto- 


cols, the !BC makes it possible to arbitrate 
between 
two 


bus 
masters 
using 
HOLD-HLDA 
with 
a third 
using 


RQ/GT. 


4.4 
Interface 
Logic 


In addition 
to all the bus control 
and 
arbitration 
fea- 
tures, 
the 
!BC 
provides 
logic 
to 
connect 
the 
queue 


status 
to the 8087, a chip-select 
for the 8087, and the 


necessary 
READY 
synchronization 
required 
between 
the 8087 and the 80186/8. 


5.1 Circuit Schematics 
of the 80186/8-82888-8087 
System 


TO OPTIONAL 
THIRD BUS "ASTER 
I 
+ 
80186 
ADDRESS OATA BUS 
... 
.r 
SYS 
SYS IJL- 


HOLD HLOA I\r 
Z'L 
HLDA 
HLOA 
HOLD 
HOLD 
••eso 
CSIN 
J 


AROY 
OSO 
OSOI 
RC 
OSl 
OSll 


SRDY 
RESETOUT 
CLOCKOUT 
r---tsrn 
r;:: 
INTO 
52'--- 
ALE f-- 


TEST 
51f-- 
sol- 
S2 
-J\ 
~ 
51 
74LS 


SO 
r-v 
373 
/:! 


CLK 
~ 
RESET 


..so I- 
~ 
SRO 
BUSY 
511-- 
L- 
INT 
521--- 
82188 


CLK 
~'Q!F"" 
RESET 
DT/R I-- 


RDY 
DENI-- 
OE 
OSO 
OSOO 
L.J\ 
74LS 
~ 
OSl 
OSlO 
r+v 
245 


RC/OlO 
Rei/OlO 
~ 
Rei/Oll 
Rei/Oll 


A 
.,. 
.,. 


8087- 
1 
ADDRESS 
OAT A BUS 


16 ••H 
CO•••• AND/CONTROL 


ADDRESS 


DATA 


ARDY SRDY 
231590-2 


Figure 3. 80186/8-82188-8087 
Circuit Diagram 
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5.2 Queue Status 
Table 
1. Queue Status Decoding 


The 8087 tracks the instruction execution of the 80186 
by keeping an internal instruction queue which is iden- 
tical to the processor's instruction queue. Each time the 
processor performs an instruction fetch, the 8087 latch- 
es the instruction into its own queue in parallel with the 
processor. Each time the processor removes the first 
byte of an instruction from the queue, the 8087 removes 
the byte at the top of the 8087 queue and checks to see 
if the byte is an ESCAPE prefix. If it is, the 8087 de- 
codes the following bytes in parallel with the processor 
to determine which numeric instruction the bytes repre- 
sent. If the first byte of the instruction is not an ES- 
CAPE prefix, the 8087 discards it along with the subse- 
quent bytes of the non-numeric instruction as the 80186 
removes them from the queue for execution. 


The 8087 operates its internal instruction 
queue by 
monitoring the two queue status lines from the CPU. 
This status information is made available by the CPU 
by placing it into queue status mode. This requires 
strapping the RD pin on the 80186 to ground. When 
RD is tied to ground, ALE and WR become QSO 
(Queue Status #0) and QSl (Queue Status # 1) respec- 
tively. 


.5TCLCL- TCHQSV(186 max) 
.5(125 ns) - 
35 
~ TQIVCL(82188 min) 
~ 15 ns 


TCLCL - TCLQOV(82188 max) 
(125 ns) - 
50 


TCLQOV(82188 min) 
5 
~ TCLQX(8087 min) 
~ 5 ns 


QS1 
QSO 
Queue Operation 


0 
0 
No queue operation 
0 
1 
First byte from queue 
1 
0 
Subsequent 
byte from queue 
1 
1 
Reserved 


Each time the 80186 begins decoding a new instruction, 
the queue status lines indicate "first byte of instruction 
taken from the queue". This signals the 8087 to check 
for an ESCAPE prefix. As the remaining bytes of the 
instruction 
are removed, the queue status 
indicates 
"subsequent byte removed from queue". The 8087 uses 
this status 
to either 
continue 
decoding 
subsequent 
bytes, if the first byte was an ESCAPE prefix, or to 
discard the subsequent bytes if the first byte was not an 
ESCAPE prefix. 


The QSO(ALE) and QSl(WR) pins of the 80186 are fed 
directly to the 82188 where they are latched and de- 
layed by one-half-clock. The delayed queue status from 
the 82188 is then presented directly to the 8087. 


The waveforms of the queue status signals are shown in 
Figure 4. The critical timings are the setup time into 
the 82188 from the 80186 and the setup and hold time 
into the 8087 from the 82188. The calculations for an 8 
MHz system are as follows: 


;setup to 82188 


;setup to 8087 


;hold to 8087 


80186 
QUEUE STATUS----------- 


INTO 82188 
_ 


__ 
...Jr 


________________ 
TCLQOV 
TClOOV 


82188 
QUEUE STATUS 
INTO 8087 
_ 


TOVCl 
Ictox 


231590-3 


Figure 4. Queue Status Timing 
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When the 80186 is in Queue Status mode, another com- 
ponent must generate the ALE, RD, and WR signals. 
The 82188 provides these-.!ignals by monitoring the 
CPU bus cycle status (SO-S2). Also provided are DEN 
and DT/it which may be used for extra drive capability 
on the control bus. With the exception of ALE, all con- 
trol signals on the 82188 are almost identical to their 
corresponding 80186 control signals. This section dis- 
cusses the differences between the 80186 and the 82188 
control signals for the purpose of upgrading an 80186 
design to an 80186-8087 design. For original 80186- 
8087 designs, there is no need to compare control signal 
timings of the 82188 with the 80186. 


5.3.1 
ALE 


The ALE (Address Latch Enable) signal goes active 
one clock phase earlier on the 80186 than on the 82188. 
Timing of the ALE signal on the 82188 is closer to that 
of the 8086 and 8288 bus controller because the bus 
cycle status is used to generate the ALE pulse. ALE on 
the 80186 goes active before the bus cycle status lines 
are valid. 


The inactive edge of ALE occurs in the same clock 
phase for both the 80186 and the 82188. The setup and 
hold times of the 80186 address relative to the 82188 
ALE signal are shown in Figure 5 and are calculated 
for an 8 MHz system as follows: 


Setup Time 
For 80186 = TAVCH(186 min) + TCHLL (82188 min) 


= 10 + 0 = 10 ns. 


NOTE: 


The hold time calculation is the same for both the 
80186 and 8087. 


These timings provide adequate setup and hold times 
for a 74LS373 address latch. 


T1 


elK 


ALE-----f 
l""'----- 


ADDRESS 
r VALID 
I 
~ 


'!:SETUP--!-HOLD:1 
-- 


231590-4 


Figure 5. Address 
Latch Timings 


For 8087 = 0.5 (TCLCU - 
TCLAV(8087 max) + TCHLL (82188 min) 
= 0.5 (125) - 
55 + 0 = 7.5 


Hold Time 
= 0.5 (TCLCU - 
TCHLL (82188 max) + TCLAZ (186 min) 


= 0.5 (125) - 
30 + 10 = 42.5 ns. 
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Tl 
T2 
T3 


ClK 


80186 
Rc 


82188 --------..;...""l"'!:~ 
Ro AND 
WR 


80186 
WR 


Figure 6. Read and Write Timings 


TCLRL ~ 
TCLML 
~ 
TCVCTV ~ 
10 to 70 ns 
TCLRH ~ 
TCLMH ~ 
10 to 55 ns 
TCVCTX ~ 
5 to 55 ns 


5.3.4 
DT/R 


The operation of the DT;R signal varies somewhat be- 
tween the 80186 and the 82188. The 80186 DT;R sig- 
nal will remain in an active high state for all write cy- 
cles and will default to a high state when the~stem bus 
is idle (i.e., no bus activity). The 80186 DT/R goes low 
only for read cyclesand does so only for the duration of 
the bus cycle. At the end of the read cycle, assuming 
the followingcycle is a non-read, the DT;R signal will 
default back to a high state. Back-to-back read cycles 
will result in the DT;R signal remaining low until the 
end of the last read cycle. 


The DT/R: signal on the 82188 operates differently by 
making transitions only at the start of a bus cycle. The 
82188 DT;R signal has no default state and therefore 
will remain in whichever state the previous bus cycle 
required. The 82188 
DT;R 
signal will only change 
states when the current bus cycle requires a state differ- 
ent from the previous bus cycle. 


T2 
T3 
T4 


5.3.2 
Read and Write 


The read and write signals of the 821.88 have identical 
timings to those of the 80186 with one exception: the 
82188 WR inactive edge may not go inactive quite as 
early as the 80186. This spec is, in fact, a tighter spec 
than the 80186 WR timing and should make designs 
easier. The timings for RD and WR are shown in Fig- 
ure 6 for both the 80186 and the 82188. 


5.3.3 
DEN 


The DEN signal on the 82188 is identical to the DEN 
signal on the 80186 but with a tighter timing specifica- 
tion. This makes designs easier with the 82188 and 
makes upgrades from 80186 bus control to 82188 bus 
control more straightforward. The timings for DEN on 
both the 80186 and 82188 are shown in Figure 7. 


T1 


ClK 


80186 
DEN 


82188 
DEN 


T CVCTV ~ 
tOto 
70 - clock 
edge 
to DEN active/inactive 
TCVDEX ~ 
10 to 70 - falling 
edge 
of T 4 to DEN inactive 
T CHDNV ~ 
10 to 55 • rising 
edge 
of clock 
to DEN active 


TCHDNX ~ 
10 to 55 - clock 
edge to DEN inactive 


231590-6 


Figure 7. Data Control 
Timings 
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T4 
Tl 
T2 
T3 
T4 


ClK 


80186DT/R::::::::::~\~L- 
~ 
~lC:::::: 


(READ) 
I 


80186 
DT/R 
/ 
~ 
(WRITE) 
~. 
TC.~l~DN~ 
_ 


82188 
DT/A --------- 
- 
(WRITE) 


READ/WRITE 
'-- 
(READ) 


TCLDN = 0 to 55 ns. 
231590-7 


''--- 


5.4 Chip Selects 


Figure 8. Data Transmit 
& Receive 
Timings 


With 
high 
integration 
processors 
like the 
80186 
and 


80188, 
the 
chip-select 
decoder 
is integrated 
onto 
the 


processor 
chip. 
The 
integrated 
chip-selects 
on 
the 
80186 enable 
direct 
processor 
connection 
to the chip- 


enable 
pins on many 
memory 
devices, 
thus eliminating 


an external 
decoder. 
But because 
the integrated 
chip-se- 


lects decode 
the 80186's 
internal 
bus, an external 
bus 
master, 
such 
as the 
8087, 
is unable 
to activate 
them. 


The 
82188 
IBC 
solves 
this 
problem 
by 
supplying 
a 
chip-select 
mechanism 
which 
may be activated 
by both 
the host processor 
and a second 
processor. 


5.4.1 INTRODUCTION 


Chip-select 
circuitry 
is typically 
accomplished 
by using 
a discrete 
decoder 
to decode 
two or more of the upper 


address 
lines. When 
a valid address 
appears 
on the ad- 


dress 
bus, 
the 
decoder 
generates 
a valid 
chip-select. 


With this method, 
any bus master 
capable 
of placing 
an 


address 
on the system 
bus is able to generate 
a chip-se- 


lect. An example 
of this is shown 
in Figure 
9 where 
an 
8086/8087 
system 
uses a common 
decoder 
on the ad- 


dress bus. Note the decoder 
is able to operate 
regardless 
of which 
processor 
is in control 
of the bus. 


ADDRESS 
DECODER 


ADDRESS 


231590-8 


Figure 9. Typical 
8086/8087 
System 


5.4.2 CSI AND CSO OF THE 82188 


The CS! (chip select in) and CSO (chip select out) pins 
of the 82188 provide 
a way for a second 
bus master 
to 


select memory 
while also making 
use of the 80186 inte- 
grated 
chip-selects. 
The CS! pin of the 82188 connects 


directly 
to one of the 
80186's 
chip-selects 
while 
CSO 


connects 
to the memory 
device designated 
for the chip- 
selects range. An example 
of this is shown in Figure 
10. 


231590-9 


Figure 10. Typical 
80186/82188/8087 
System 
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5.4.3 SYSTEM 
DESIGN 
EXAMPLE 
When the 80186 has control of the bus, the circuit acts 
just as a buffer and the memory device gets selected as 
if the circuit had not been there. Whenever CSI goes 
active, CSO goes active. When a second bus master, 
such as the 8087, takes control of the bus, CSO goes 
active and remains active until the 8087 passes control 
back to the processor. At this time CSO is deactivated. 


A functional block diagram of the CSI-CSO circuit is 
shown in Figure 11. A grant pulse on the RQ/GTO line 
gives 
control 
to 
the 
8087 
and 
also 
causes 
the 
8087CONTROL 
signal to go active, which in turn 
causes CSO to go active. The 8087CONTROL signal 
~s 
J!!.active when either a release is received on 
RQ/GTO, indicating that the 8087 is relinquishing con- 
trol to the main processor, or a grant is received on the 
RQ/GTl 
line, indicating that the 8087 is relinquishing 
control to a third processor. Both actions signify that 
the 8087 is relinquishing the bus. If CSO goes inactive 
because a third processor took control of the bus, then 
CSO will go active again for the 8087 when a release 
pulse is transmitted on the RQ/GTl 
line to the 8087. 
This release pulse occurs as a result of SYSHLDA go- 
ing inactive from the third processor. 
I 


To provide the 8087 access to data in low memory 
through an integrated chip-select, the LCS pin should 
be disconnected from the bank that it is currently se- 
lecting and fed directly into the 82188 CS!. The CSI 
~ut 
should be connected .!Q..!he banks which the 
LCS formerly selected. The LCS will still select the 
same banks because CSO goes active whenever CSI 
goes active. But now the 8087, when taking control of 
the bus, may also select these banks. 


Care must be taken in locating the 8087 data area be- 
cause it must reside in the area in which the chip-select 
is defined. If the 808~nerates 
an address outside of 
the LCS range, the CSO will still go active, but the 
address will erroneously select a part of the lower bank. 
Note also that this chip-select limits the size of the 8087 
data area to the maximum size memory which can be 
selected with one chip-select. However, this does not 
place a limit on instruction code size or non-8087 data 
size. All 80186 and 8087 instructions are fetched by the 
processor and therefore do not require that the 8087 be 


CSIt--------------i 


HOLD 
ARBITRATION 
LOGIC 


HLDA 
RQ/GT1 


821881BC 


CSO 


8087 
CONTROL 


RQ/GTO 


SYSHOLD 
SYSHLDA 
231590-10 


Figure 11.82188 
Chip Select Circuitry 


4-12 


intel.. 
AP-258 


able to address them. Likewise, non-8087 data is never 
accessed by the 8087 and therefore does not require an 
8087 chip-select. 


5.5 Wait State & Ready Logic 


The 8087 must accurately track every instruction fetch 
the 80186 performs so that each op-code may be read 
from the system bus by the 8087 in parallel with the 
processor. This means that for instruction code areas, 
the 80186 cannot use internally generated wait states. 
All ready logic for these areas must be generated exter- 
nally and sent into the 82188. The 82188 then presents 
a synchronous 
ready out (SRO) signal to both the 
80186 and the 8087. 


5.5.1 INTERNAL 
WAIT 
STATES 
WITH 
INSTRUCTION 
FETCHES 


If internal wait states are used by the processor with the 
8087 at zero wait states, then the 8087 will latch op- 
codes using a four clock bus cycle while the processor is 
using between five and seven clocks on each bus cycle. 
If the wait states are truly necessary to latch valid data 
from memory, then a four clock bus cycle will force the 
8087 to latch invalid data. The invalid data may then be 
possibly interpreted to be an ESCAPE prefix when, in 
reality, it is not. The reverse may also hold true in that 
the 8087 may not recognize an ESCAPE prefix when it 
is fetched. These conditions could cause a system to 
hang (i.e., cease to operate), or operate with erroneous 
results. 


If the memory is fast enough to allow latching of valid 
data within a four clock bus cycle, then the 80186 inter- 
nal wait states will not cause the system to hang. Both 
processors will receive valid data during their respec- 
tive bus cycles. The 8087 will finish its bus cycle earlier 
than the processor, but this is of no consequence to 
system operation. The 8087 will synchronize with the 
processor using the status lines SO-S2 at the start of the 
next instruction fetch. 


5.5.2 INTERNAL 
WAIT 
STATES 
WITH 
DATA 
& 
1/0 
CYCLES 


With the exception of "Dummy Read Cycles" and in- 
struction fetches, all memory and I/O bus cycles exe- 
cuted by the host processor are ignored by the 8087. 
Coprocessor synchronization 
is not required for un- 
tracked bus cycles and, therefore, internally generated 
wait states do not affect system operation. All of the 
I/O space and any part of memory used strictly for 
data may use the internal wait state generator on the 
80186. 


Memory used for 8087 data is somewhat different. 
Here, as in the case of code segment areas, the system 
must rely on an external ready signal or else the memo- 
ry must be fast enough to support zero wait state opera- 
tion. Without an external ready signal, the 8087 will 
always perform a four clock bus cycle which, when 
used with slow memories, results in the latching of in- 
valid data. 


Internal wait states will not affect system operation for 
data cycles performed by the 8087. In this case the 8087 
has control of the bus and the two processors operate 
independently. 


One type of data cycle has not yet been considered. 
Each time a numerics variable is accessed, the host 
processor runs a "Dummy Read Cycle" in order to 
calculate the operand address for the 8087. The 8087 
latches the address and then takes control of the bus to 
fetch any subsequent bytes which are necessary. If the 
8087 variables are located at even addresses, then an 
internally generated wait state will not present any 
problems to the system. If any numeric variables are 
located at odd addresses, then the interface between the 
host and coprocessor becomes asynchronous 
causing 
erroneous results. 


The erroneous results an, due to the 80186 running two • 
back-to-back bus cycles with wait states while the 8087 
runs two back-to-back bus cycles without wait states. 
The start of the second bus cycle is completely uncoor- 
dinated between the two processors and the 8087 is un- 
able to latch the correct address for subsequent trans- 
fers. For this reason, 8087 variables in a 80186 system 
must always lie on even boundaries when using the in- 
ternal wait state generator to access them. 


Numeric variables in an 80188 system must never be in 
a section of memory which uses the internal wait state 
generator. The 80188 will always perform consecutive 
bus cycles which would be equivalent to the 80186 per- 
forming an odd addressed "Dummy Read Cycle." 


5.5.3 AUTOMATIC 
WAIT 
STATES 
AT RESET 


The 80186 automatically inserts three wait states to the 
predefined upper memory chip select range upon power 
up and reset. This enables designers to use slow memo- 
ries for system boot ROM if so desired. If slow ROM's 
are chosen, then no further programming is necessary. 
If fast ROM's are chosen, then the wait state logic may 
simply be reprogrammed to the appropriate number of 
wait states. 


The automatic wait states have the possibility of pre- 
senting the same problem as described in section 5.5.1 if 
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the boot ROM needs one or more wait states. Under 
these conditions the 8087 would be forced to latch in- 
valid opcodes and possibly mistake one for an ESCAPE 
instruction. 


If the boot ROM requires wait states, then some sort of 
external ready logic is necessary. This allows both proc- 
essors to run with the same number of wait states and 
insures that they always receive valid data. 


If the boot ROM does not require wait states, then 
there is no need to design external ready logic for the 
upper chip select region. But if 8087 code is present in 
the upper memory chip select region, the situation de- 
scribed in section 3.4 regarding "Dummy Read Cycles" 
must be considered. 


The 82188 solves this problem by inserting three wait 
states on the SRO line to the 8087 for the first 256 bus 
cycles. By doing this the 82188 inserts the same number 
of wait states to both processors keeping them synchro- 
nized. The initialization code for the 80186 must pro- 
gram the upper memory chip select to look at external 
ready and to insert zero wait states within these first 
256 bus cycles. At the end of the 256 bus cycles, the 
82188 stops inserting wait states and both processors 
run at zero wait states. 


5.5.4 EXTERNAL 
READY 
SYNCHRONIZATION 


The 80186 and 8087 sample READY on different clock 
edges. This implies that some sort of external synchro- 
nization is required to insure that both processors sam- 
ple the same ready state. Without the synchronization, 
it would be possible for the external signal to change 
state between samples. The 80186 may sample ready 
high while the 8087 samples ready low. This would lead 
to the two processors running different length bus cy- 
cles and possibly cause the system to hang. 


The 82188 provides ready synchronization through the 
ARDY and SRDY inputs. Once a valid transition is 
recorded, the 82188 presents the results on the SRO 
output and holds the output in that state until both 
processors have had a chance to sample the signal. 


5.6 BUS ARBITRATION 


In order for the 8087 to read and write numeric data to 
and from memory, it must have a means of taking con- 
trol of the local bus. With the 8086/88 this is accom- 
plished through a request-grant exchange protocol. The 
80186, however, makes use of HOLD/HOLD 
AC- 


KNOWLEDGE 
protocol to exchange control of the 
bus with another processor. The 82188 supplies the 
necessary conversion to interface RQ/GT 
to HOLD/ 
HLDA signals. The RQ/GT~~of 
the 8087 con- 
nects directly to the 82188's RQ/GTO input while the 
82188's HOLD and HLDA pins connect to the 80186's 
HOLD and HLDA pins. 


When the 8087 requires control of the bus, the 8087 
sends a request on the RQ/GTO line to the 82188. The 
82188 responds by sending a HOLD 
request to the 
80186. When HLDA is received back from the 80186, 
the 82188 sends a grant back to the 8087 on the same 
RQ/GTO line. 


The 82188 also has provisions for adding a third bus- 
master to the system which uses HOLD/HLDA 
pro- 
tocol. 
This 
is 
accomplished 
by ~inLthe 
82188 
SYSHOLD, 
SYSHLDA, 
and 
RQ/GTl 
signals. 


The third processor requests the bus by pulling the 
SYSHOLD line high. The 82188 will route (and trans- 
late if necessary) the requests to the current bus master. 
If the 8087 has control, the 82188 will request control 
via the RQ/GTl 
line which should be connected to the 
8087's RQ/GTl 
line. 


The 8087 will relinquish control by~tt~ 
off the bus 
and sending a grant pulse on the RQ/GTl 
line. The 
82188 responds by sending a SYSHLDA to the third 
processor. The third processor lowers SYSHOLD when 
it has finished on the bus. The 82188 routes this in the 
form of a release pulse on the RQ/GTl 
line to the 
8087. The 8087 then continues bus activity where it left 
off. 
The 
maximum 
latency 
from 
SYSHOLD 
to 
SYSHLDA is equal to the 80186 latency + 8087laten- 
cy + 82188 latency. 


5.7 SPEED 
REQUIREMENTS 


One of the most important timing specs associated with 
the 80186-8087 interface is the speed at which the sys- 
tem should run. The 8087 was designed to operate with 
a 33% duty cycle clock whereas the 80186 and 80188 
were designed to operate with a 50% duty cycle clock. 
In order to run both parts off the same clock, the 8087 
must run at a slower speed than is typically implied by 
its dash number in the 8086/88 family. 
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To determine the speed at which an 8087 may run 
(with a 50% duty cycle clock), the minimum low and 
high times of the 8087 must be examined. The maxi- 
mum of these two minimum specs becomes the half-pe- 
riod of the 50% duty cycle system clock. For example, 
the 8087-1 provides worst case spec compatibility with 
the 80186 at system clock-speeds of up to 8 MHz. The 
clock waveforms are shown in Figure 12 using 10 MHz 
timings. 


The minimum clock low time spec (TCLCIVof the 10 
MHz 8087 is 53 ns. The clock low time of an 8 MHz 
80186 is specified to be: 


Yz(TcLcLl 
- 
7.5 


Solving for TCLCL of the 80186 using TCLCH of the 
8087 yields the following: 


Yz(TcLcLl 
- 
7.5 = TCLCH 


(TcLcLl 
= 2(TCLCH + 7.5) 


TCLCL 
= 121 ns 


The calculation 
shows minimum 
cycle time of the 
80186 to be 121 ns. This time translates into a maxi- 
mum frequency of 8.26 MHz. 


6.0 
BENCHMARKS 


6.1 
Introduction 


The following benchmarks compare the overall system 
performance of an 8086, 80188, and an 80186 in nu- 
meric applications. 
Results are shown for all three 
processors in systems with the 8087 coprocessor and 
in systems using an 8087 software emulator. Three 
FORTRAN 
benchmark 
programs are used to dem- 


onstrate the large increase in floating-point math per- 
formance provided by the 8087 and also the increase in 
performance due to the enhanced 80186 and 80188 host 
processors. 


The 8086 results were measured on an Intellecw 
Series 
III 
Microcomputer 
Development 
System 
with 
an 
iSBC@ 86/12 board and an iSBC 337 multimodule. 
Typically, one wait state for memory read cycles and 
two wait states for memory write cycles are experienced 
in this environment. 


The 80186 and 80188 results were measured on a proto- 
type board which allowed zero wait state operation at 
8 MHz. The benchmarks 
measured using the 8087 
showed little sensitivity to wait states. Instructions exe- 
cuted on the 8087 tend to be long in comparison to the 
amount of bus activity required and, therefore, are not 
affected much by wait states. 


The benchmarks measured using the software emulator 
are much more bus intensive and average from 10 to 15 
percent performance degradation for one wait state. 


All execution times shown here represent 8 MHz oper- 
ation. The 8086 results were measured at 5 MHz and 
extrapolated to achieve 8 MHz execution times. 


6.2 
Interest 
Rate Calculations 


Routines were written in FORTRAN-86 
to calculate 
the fmal value of a fund given the annual interest and 
the present value. It is assumed that the interest will be 
compounded daily, which requires the calculation of 
the yearly effective rate. This value, which is the equiv- 
alent annual interest if the interest were compounded 
daily, is determined by the following formula: 


yer = (1 + (ir/npW'np 
- 
1 


~-------------100ns------------~ 


10WHz---, 
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Figure 12. Clock Cycle Timing 
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where: 
yer is the yearly effective rate 
ir is the annual interest rate 
np is the number of compounding periods per 
annum 
Once the yer is determined, the final value of the fund 
is determined by the formula: 


Iv = (1 +yer) 
• pv 


where: 
pv is the present value 
fv is the future value 
Results are obtained using single-precision, double-pre- 
cision, and temporary real precision operands when: 


ir is set to 10% (0.1) 
np is set to 365 (for daily compounding) 
pv is set to $2,000,000 


THE RESULTS: 


yer 
Final Value 
Single-Precision 
10.514% 
$2,210,287.50 
(32-bit) 
Double-Precision 
10.516% 
$2,210,311.57 
(64-bit) 
Temporary Real 
10.516% 
$2,210,311.57 
Precision 


The difference between the final single-precision and 
double-precision values is $24.07; the difference in the 
final value between the double-precision and the tempo- 
rary real precision is 0.סס0062 cents. Since the 8087 
performs all internal calculations 
on 80-bit floating 
point numbers (temp real format), temporary real pre- 
cision operations perform faster than single- or double- 
precision. No data conversions are required when load- 
ing or storing temporary real values in the 8087. Thus, 
for business applications, the double-precision comput- 
ing of the 8087 is essential for accurate results, and the 
performance advantage of using the 8087 turns out to 
be as much as 100 times the equivalent software emula- 
tion program. 
I 


6.3 
Matrix Multiply Benchmark 
Routine 


A routine was written in FORTRAN-86 
to compute 
the product of two matrices using a simple row/column 
inner-product method. Execution times were obtained 
for the multiplication of 32X32 matrices using double 
precision. The results of the benchmark are shown in 
Figure 14. 


The results show the 8087 coprocessor systems per- 
forming from 23 to 31 times faster than the equivalent 
software emulation program. Both the 80188/87 and 
the 80\ 86/87 systems outperform the 8086/87 system 
by 34 to 75 percent. This difference is mainly attributed 
to the fact that the matrix program largely consists of 
effective address calculations used in array accessing. 
The hardware effective address calculator of the 80186 
and 80188 allow each array access to improve by as 
much as three times the 8086 effective address calcula- 
tion. 


6.4 
Whetstone 
Benchmark 
Routine 


The Whetstone benchmark program was developed by 
Harry Curnow for the Central Computer Agency of the 
British government. This benchmark has received high 
visibility in the scientific community as a measurement 
of main frame computer performance. It is a "synthet- 
ic" program. That is, it does not solve a real problem, 
but rather contains a mix of FORTRAN 
statements 
which reflect the frequency of such statements as mea- 
sured in over 900 actual programs. The program com- 
putes a performance metric: "thousands of Whetstone 
instructions per second (KIPS)." 


Simple variable and array addressing, fixed- and float- 
ing- point arithmetic, subroutine calls and parameter 
passing, and standard mathematical functions are per- 
formed in eleven separate modules or loops of a pre- 
scribed number of iterations. 


Table 2 Interest 
Rate Benchmark 
Results 


8087 Software 
Emulator 
8087 Coprocessor 


80188 
8086 
80186 
80188 
8086 
80186 


Single Precision 
70.3 ms 
62.8 ms 
43.4 ms 
.70ms 
.66 ms 
.61 ms 


Double Precision 
72.1 ms 
62.9 ms 
44.4 ms 
.71 ms 
.66ms 
.61 ms 


Temp Real Precision 
72.6 ms 
63.0 ms 
44.8 ms 
.69ms 
.65ms 
.59 ms 


Average 
71.7 ms 
62.9 ms 
44.2 ms 
.70ms 
.66ms 
.60ms 
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The original coding of the Whetstone benchmark was 
written in Algol-60 and used single-precision values. It 
was rewritten in FORTRAN 
with single-precision val- 


ues to exactly reflect the original intent. Another ver- 
sion was created using double-precision values. The re- 
sults are shown in Table 3. 


The results show the 8087 systems with the 80186 and 
80188 outperforming the equivalent software emulation 
by 60 to 83 times. Additionally, the 80186 coupled with 
the 8087 outperformed the 8086/87 system by 22 per- 
cent. 
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Figure 13. Interest Rate Benchmark 
Results 
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Table 3. Whetstone 
Benchmark 
Results 


Units = KIPS 
8087 Software 
Emulator 
8087 Coprocessor 


80188 
8086 
80186 
80188 
8086 
80186 


Single 
2 
2.3 
3.3 
165.8 
178.0 
197.6 
Precision 


Double 
2 
2.2 
3.2 
151.7 
152.0 
185.2 
Precision 


6.5 Berichmark 
Conclusions 


These benchmarks show that the 8087 Numeric Data 
Coprocessor, 
coupled with either the 80186 or the 


80188, can increase the performance of a numeric ap- 
plication by 75 to 100 times the equivalent software 
emulation program. 


Applications which require array accessing with effec- 
tive address calculations will benefit even more by us- 
ing the 80188 and 80186 as the host processor as com- 
pared to the 8086. The results of the matrix multiplica- 
tion show both the 80188 and 80186 outperforming the 
8086 by 34 and 75%, respectively, in an 8087 system. 
In general, an 80186/8087 system will offer a 10% to a 
75% improvement over an equivalent 8086/8087 sys- 
tem, depending on the instruction mix. 


7. CONCLUSION 


For controller applications which require high perform- 
ance in numerics and low system cost, the 16-bit 80186 
or 8-bit 80188 coupled with the 8087 offers an ideal 
solution. The integrated 
features of the 80186 and 
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1.0 INTRODUCTION 


Systems which require 1/0 processing and serial data 
transmission are very software intensive. The commu- 
nication task and 1/0 operations consume a lot of the 
system's intelligence and software. In many conven- 
tional systems the central processing unit carries the 
burden of all the communication and 1/0 operations in 
addition to its main routines, resulting in a slow and 
inefficient system. 


In an ideal system, tasks are divided among processors 
to increase performance and achieve flexibility. One at- 
tractive solution is the combination of the Intel highly 
integrated 80186 microprocessor and the Intel 8-bit mi- 
crocontrollers 
such as the 80C51, 8052, or 8044. In 
such a system, the 80186 provides the processing power 
and the 1 Mbyte memory addressability, while the con- 
troller provides the intelligence for the 1/0 operations 
and data communication tasks. The 80186 runs appli- 
cation programs, performs the high level communica- 
tion tasks, and provides the human interface. The rni- 
crocontroller performs 8-bit math and single bit boole- 
an operations, the low level communication tasks, and 
1/0 processing. 


This application note describes an efficient method of 
interfacing the 16-bit 80186 high integration 
micro- 


processor to the 80C51, 8052, or the rnicrocontroller- 
based 8044 serial communication controller. The inter- 
face hardware shown in Figure 1.1, is very simple and 
may be implemented with a programmable logic device 
or a gate-array. The 80186 and the microcontroller may 
run asynchronously and at different speeds. With this 
technique data transfers up to 200 Kbytes per second 
can be achieved between a 12 MHz microcontroller and 
an 8 MHz 80186. 


The 8-bit 80188 high integration microprocessor can 
also be used with the same interface technique. The 
performance of the interface is the same since an 8-bit 
bus is used. 


Interface to the 8044, 80C51, and the 8052 is identical 
because they have identical pinouts (some pins have 
alternate functions). As an example, the software pro- 
cedures for the 
8044/80186 
interface, which is the 
building block for the application driver, is supplied in 
this Application Note. 
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Figure 1.1. 80186/Microcontroller 
Based System 
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The 80186 and the microcontrollers 
are processors. 
They each access memory and have address/data, 
read, 
and write signals. There are three common ways to in- 
terface multiple processors together: 


1) First In First Out (FIFO) 
2) Dual Port RAM (DPRAM) 
3) Slave Port 


The FIFO interface, compared to DPRAM, 
requires 
less TTL and is easier to interface; however, FIFOs are 
expensive. The DPRAM interface is also expensive and 
even more complex. When DPRAM 
is used, the ad- 
dress/data 
lines of each processor must be buffered, 
and hardware 
logic is needed to arbitrate 
access to 
DPRAM. The slave port interface given here is cheaper 
and easier than both FIFO and DPRAM alternatives. 


The 80186 processor, when interfaced to this circuit, 
views the microcontroller as a peripheral chip with 8- 
bit data bus and no address lines (see Figure 1.1). It can 
read status and send commands to the microcontroller 
at any time. The microcontroller becomes a slave eo- 
processor while keeping its processing power and serial 
communication capabilities. 


The microcontrollers, 
with the interface 
hardware, 
have a high level command interface like many other 
data 
communication 
peripherals. 
For 
example, the 
80186 can send the microcontroller commands such as 
Transmit or Configure. This means the designer does 
not have to write low level software to perform these 
tasks, and it offloads the 80186 to serve other functions 
in the application. 


1.2 Application 
Examples: 


The combination of the 80186 and a microcontroller 
basically provides all the functions that are needed in a 
system: a 16-bit CPU, 8-bit CPU, DMA controller, I/O 
ports, and a serial port. The 80C51 and the 8052 have 
an on-chip asynchronous channel, while the 8044 has 
an intelligent SDLC serial channel. In addition, many 
other functions such as timers, counters, and interrupt 
controllers are integrated in both the 80186 and the 
microcontrollers. 


Applications of the system described above are in the 
area of robotics, data communication networks, or seri- 
al communication 
backplanes. A typical example is 
copiers. Different segments of the copy machine like 
the motor, paper feed, diagnostics, and error/warning 
displays are all controlled by microcontrollers. 
Each 
segment receives orders from and replies to the central 
processor which consists of the 80186 interfaced with a 
microcontroller. 


Another common application is in the area of process 
controllers. An example is a central control unit for a 
multiple story building which controls the heating, 
cooling, and lighting of each room in each floor. In 
each room a microcontroller performs the above func- 
tions based on the orders received from the central 
processor. Depending on the throughput 
and type of 
the serial communication 
required, the 8044 or the 
8OC51(8052) may be selected for the application. 


2.0 
OVERVIEW 
OF THE 80186, 
80C51, 
8052, AND 8044 


This section briefly discusses the features .ofthe micro- 
controllers and the 80186. For more information about 
these products please refer to the Intel Microcontroller 
and Microsystem components hand-books. Readers fa- 
miliar with the above products may skip this section. 


2.1 The 80186 Internal Architecture 


The 80186 contains an enhanced version ofIntel's 
pop- 
ular 8086 CPU integrated with many other features 
common to most systems (Figure 2.1). The 16-bit CPU 
can access up to 1 Mbyte of memory and execute in- 
structions faster than the 8086. With speed selection of 
8, 10, and 12.5 MHz, this highly integrated product is 
the most popular 16-bit microprocessor for embedded 
control applications. 


The on-chip DMA controller has two channels which 
can each be shared by multiple devices. Each channel is 
capable of transferring data up to 3.12 Mbytes per sec- 
ond (12.5 MHz speed). It offers the choice of byte or 
word transfer. It can be programmed 
to perform a 
burst transfer of a block of data, transfer data per speci- 
fied time interval, or transfer data per external request. 


The on-chip interrupt controller responds to both ex- 
ternal interrupts and interrupts requested by the on- 
chip peripherals such as the timers and the DMA chan- 
nels. It can be configured to generate interrupt vector 
addresses internally like the microcontrollers or exter- 
nally like the popular 8259 interrupt controller. It can 
be configured to be a slave controller to an external 
interrupt controller (iRMX 86 mode) or be master for 
one or two 8259s which in turn may be masters for up 
to 8 more 8259s. When configured in master mode, 
each channel can support up to 64 external interrupts 
(128 total). 


Three 16-bit timers are also integrated on the chip. 
Timer 0 and timer 1 can be configured to be 16-bit 
counters and count external events. If configured as 
timers, they can be started by software or by an exter- 
nal event. Timer 0 and 1 each contain a timer output 
pin. Transitions on these pins occur when the timers 
reach one of the two possible maximum counts. Timer 
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2 can be used as a prescaler for timer 0 and I or can be 
used to generate DMA requests to the on-chip DMA 
channel. 


Finally, the integrated clock generator, the wait state 
generator, and the chip select logic reduce the external 
logic necessary to build a processing system. 


2.2 The MCS-S1lnternal 
Architecture 


The 8OC51BH,as shown in Figure 2.2, consists of an 8- 
bit CPU which can access up to 64 Kbytes of data 
memory (RAM) and 64 Kbytes of program memory 
(ROM). In addition, 4 Kbytes of ROM and 128 bytes 
of RAM are built onto the chip. 


The on-chip interrupt 
controller supports five inter- 


rupts with two priority levels. There are two timers 
integrated in the 80C5!. Timer 0 and I can be config- 
ured as 8-bit or 16-bit timers or event counters. 


Finally the integrated full duplex asynchronous serial 
channel provides the human interface or communica- 


tion capability with other microcontrollers. The UART 
supports data rates up to 500 kHz (with IS MHz crys- 
tal) and can distinguish between address bytes and data 
bytes. 


The 8052 has the same features as the 80C51 except it 
has 8 Kbytes of on-chip ROM and 256 bytes of on-chip 
RAM. In addition the 8052 has another timer which 
may be configured as the baud rate generator for the 
serial port. 


2.3 The 8044 Internal Architecture 


The 8044 has all the features of the 8OC5!. In addition 
the on-chip RAM size is increased to 192 bytes and an 
intelligent HDLC/SDLC 
serial channel (SIU) replaces 


the 80C51 serial port (see Figure 2.3). It supports data 
rates up to 2.4 Mbps when an external clock is used and 
375 Kbps when the clock is extracted from the data 
line. The serial port can be used in half duplex point to 
point, multipoint, or one-way loop configurations. 
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Figure 2.1. 80186 Block Diagram 
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Figure 2.2. 80C51 Block Diagram 
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Figure 2.3. 8044 Block Diagram 
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Figure 2.5. The 8044 Frame Formats 


The SIU is called an intelligent channel because it re- 
sponds to some SDLC commands automatically with- 
out the CPU intervention when it is set in auto mode. 
These automatic 
responses substantially 
reduce the 


communication 
software. Figure 2.4 gives the com- 


mands and the automatic responses. 


The 8044 supports many types of frames including the 
standard SDLC format. Figure 2.5 shows the types of 
frames the 8044 can transmit and receive. If a format 
with an address byte is chosen, the 8044 performs ad- 
dress filtering during reception and transmits the con- 
tents of the station address register during transmission 
automatically. Ifa format with FCS bytes is chosen, the 
8044 performs Cyclic Redundancy Check (CRC) dur- 
ing reception and calculates the FCS bytes during 
transmission of a frame in hardware. Two preamble 
bytes (PFS) may optionally be added to the frames. 
Formats that include the station address and the con- 
trol byte are supported both in the auto and flexible 
modes. 


3.0 80186/MICROCONTROLLER 


INTERACTION 


The 
80186 communicates 
with the microcontroller 


(8044, 8OC51 or 8052) through the system's memory 
and the Command/Data 
and Status registers. The CPU 


creates a data structure in the memory, programs the 
DMA controller with the start address and byte count 
of the block, and issues a command to the microcon- 
troller. A hypothetical block diagram of a microcon- 
troller when used with the interface hardware is given 
in Figure 3.1. 


Chip select and interrupt lines are used to communicate 
between the microcontroller and the host. The inter- 


rupt is used by the microcontroller to draw the 80186's 
attention. The Chip Select is used by the 80186 to draw 
the microcontroller's attention to a new command. 


There are two kinds of transfers over the bus: Com- 
mand/Status 
and 
data 
transfers. 
Command/Status 


transfers 
are always performed 
by the CPU. 
Data 


transfers are requested by the microcontroller and are 
typically performed by the DMA controller. 


The CPU writes commands using CS and WR signals 
and interrupts the microcontroller. The microcontroller 
reads the command, decodes it and performs the neces- 
sary actions. The CPU reads the status register using 
CS and RD signals (see Figure 4.1). 


To initiate a commnad like TRANSMIT or CONFIG- 
URE, a write operation to the microcontroller is issued 
by the CPU. A read operation from the CPU gives the 
status of the microcontroller. Section 5 discusses details 
on these commands and the status. 


Any parameters or data associated with the command 
are transferred between the system memory and the 
microcontroller 
using DMA. The 80186 prepares a 


data block in memory. Its first byte specifies the length 
of the rest of the block. The rest of the block is the 
information field. The CPU programs the DMA con- 
troller with the start address of the block, length of the 
block and other control information and then issues the 
command to the microcontroller. 


When the microcontroller requires access to the memo- 
ry for parameter or data transfer, it activates the 80186 
DMA request line and uses the DMA controller to 
achieve the data transfer. Upon completion of an opera- 
tion, the microcontroller 
interrupts 
the 80186. The 


CPU then reads results of the operation and status of 
the microcontroller. 
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OR 


8044 
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RO 
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231784-2 


4.0 
SYSTEM 
INTERFACE 


Figure 3.1..Mlcrocontroller 
Plus the Interface 
Hardware 
Block Diagram 


There are two kinds of transfers over the bus: com- 
mand/status and data transfers. The command/status 
transfers are always initiated and performed by the 
80186. The data transfers are requested by the micro- 
controller using the DMA request (DRQ) line. In rela- 
tively slow systems the 80186 might also perform the 
data transfers. In that case, the request from the micro- 
controller will serve as an interrupt to the CPU. This 
mode of operation depends on the serial data rate. 


The system interface performs command/status trans- 
fers, data/parameter transfers, and interrupts. This sec- 
tion describes the interface between the 80186 and a 
microcontroller shown in Figure 1.1. Section 6 de- 
scribes the interface hardware. 


4.1 Command/Status 
Transfers 


The 80186controls the microcontroller by writing into 
the command/data register and reading from the status 
register. The CPU writes a command by activating the 
chip select (PCSO),putting the command onto the data 
bus, and activating the WR signal. The command byte 
is latched into the command/data register, and the mi- 
crocontroller is interrupted. In the interrupt service 
routine, the microcontrolIer reads the command byte 
from the command/data register, decodes the com- 
mand byte, and activates the DRQ for data or parame- 


ter transfer if the decoded command requires such 
transfer. 


At the end of parameter transfer the microcontroller 
updates the status register and interrupts the 80186. 


4.2 
Data/Parameter 
Transfer 


Data/parameter transfers are controlled by a pair of 
REQUEST/ACKNOWLEDGE 
lines: DMA Request 


line (DRQ) and DMA Acknowledge line (DACK). 
Data and parameters are transferred via the Com- 
mand/Data register to or from memory. 


In order to request a transfer from memory, the micro- 
controller activates the DRQ pin. The DRQ signal goes 
active after a read operation by the microcontroller. In 
response, the 80186 DMA controller performs a byte 
transfer from the memory to the Command/Data regis- 
ter. Data is transferred on the bus and written into the 
Command/Data 
register on the rising edge of the 


80186 WR signal (MWR), which is activated by the 
DMA controller. Figure 4.2 shows the write timing. 


In order to request a transfer to memory, the microcon- 
troller activates the DRQ signal and outputs the data 
into the Command/Data latch. When the microcon- 
troller WR signal goes active, DRQ is set. In response, 
the DMA performs the data transfer and resets the 
DRQ signal. Figure 4.3 shows the read timing. 
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4.3 Interrupt 
the 
INTERRUPT 
ACKNOWLEDGE 
bit 
is 
set 
(MD7). The INT A bit is the most significant bit of the 
command byte. Figure 4.4 and 4.5 show the interrupt 
timing. Note that it is the responsibility of the CPU to 
clear the interrupt in order to prevent a deadlock. 


The microcontroller reports on completion of an event 
by updating the status register and raising the interrupt 
signal assuming this signal is initially low. The inter- 
rupt is cleared by the command from the CPU where 


80186 Pin Name 
Function 


CS 


, 


RD 
WR 


1 
X 
X 
No Transfer 
to/from 
Command/Status 
0 
1 
1 


0 
0 
0 
Illegal 


0 
0 
1 
Read from Status Register 


0 
1 
0 
Write to Command/Data 
Register 


DACK 
RD 
WR 


1 
X 
X 
No Transfer 
0 
1 
1 


0 
0 
0 
Illegal 


0 
0 
1 
Data Read from DMA Channel 


0 
1 
0 
Data Write to DMA Channel 


NOTE: 
Only one of CS, DACK 
may be active 
at any time. 


Figure 
4.1. Data Bus Control 
Signals 
and Their 
Functions 


\~----------------------~I 


MWR 
\~------------~I 


MDO-7 
x 
x 


231784-3 


Figure 
4.2. Write 
Timing 


\~--------------~----~I 
\~--------------~I 
x 
x 
MDO-7 


231784-4 


Figure 
4.3. Read Timing 
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Figure 4.4. Interrupt Timing (Going Inactive) 
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5.0 COMMANDS AND STATUS 


Figure 4.5. Reset Timing 


This section specifies the format of the commands and 
status. The commands and status given here are similar 
to most common coprocessors and data communication 
peripherals (e.g., the 82588 and 82586). The user may 
add more commands or redefine the formats for his/ 
her own specific application. 


5.1 Commands 


A command is given to the microcontroller by writing 
it into the Command/Data 
register and interrupting 


the microcontroller. The command can be issued at any 
time; but in case it is not accepted, the operation is 
treated like a NOP and will be ignored (although the 
INT will be updated). 


Format: 


7654 
3210 


I INTA ~I 
__O_P_E_RA_T_I_O_N_ 
___' 


5.1.1 ACKNOWLEDGING INTERRUPT (BIT 7) 


The INTA bit, if set, causes the interrupt 
hardware 


signal and the interrupt bit to be cleared. This is the 
4-28 


only way to clear the interrupt bit and reset the 80186 
interrupt signal other than by a hardware reset. 


5.1.2 OPERATIONS (BITS 0-3) 


The OPERATION 
field initiates a specific operation. 


The microcontroller executes the following commands 
in software: 


NOP 
ABORT 
TRANSMIT" 
CONFIGURE· 
DUMp· 
RECEIVE· 
TRA-DISABLE 
REC-DISABLE 
"Requires DMA operation. 


The above operations except ABORT are executed only 
when the microcontroller 
is not executing any other 


operation. Abort is accepted only when the CPU is per- 
forming a DMA operation. 
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7 
6 
2 
Operations that require parameter transfer (e.g., CON- 
FIGURE and DUMP) or data transfer (e.g., TRANS- 
MIT and RECEIVE) are called parametric operations. 
The remaining are called non-parametric operations. 


An operation is initiated by writing into the command 
register. This causes the microcontroller to execute the 
command decode instructions. Some of the operations 
cause the microcontroller to read parameters from 
memory. The parameters are organized in a block that 
starts with an 8-bit byte count. The byte count specifies 
the length of the rest of the block. Beforebeginning the 
operation, the DMA pointer of the DMA channel must 
point to the byte count. There is no restriction on the 
memory structure of the parameter block as long as the 
microcontroller receives the next byte of the block for 
every DMA request it generates. Transferring the bytes 
is the job of the 80186 DMA controller. 


The microcontroller requests the byte-count and deter- 
mines the length of the parameter block. It then re- 
quests the parameters. 


Upon completion of the operation, (when interrupt is 
low) the microcontroller updates the status, raises the 
interrupt signal, and goes idle. 


NOP 


This operation does not affect the microcontroller. It 
has no parameters and no results. 


ABORT 


This operation attempts to abort the completion of an 
operation under execution. It is valid for CONFIG- 
URE, TRANSMIT, DUMP, and RECEIVE. It is ig- 
nored for any of the above if transfer of parameters has 
already been accomplished. The microcontroller, upon 
reception of the ABORT command; stops the DMA 
operation and issues an Execution-Aborted interrupt. 


TRANSMIT 


This operation transmits one message. A message may 
be transmitted as an SDLC frame by the 8044, or in 
ASYNC protocol by the 80C51or the 8052serial port. 


Figure 5.1 shows the format of the Transmit block. A 
typical transmit operation parameter block includes the 
destination address and the control byte in'the informa- 
tion field. As an example, see the 8044 transmit block 
in Figure 7.2. 


5 
4 
3 


BYTE COUNT 


FIRST INFO BYTE 


LAST INFO BYTE 


Figure 5.1. Format of Transmit 
Block 


The transmit operation will either' complete the execu- 
tion or be aborted by a specific ABORT operation. A 
Transmit-Done or Execution-Aborted interrupt is is- 
sued upon completion of this operation. 


CONFIGURE 


This operation configures the microcontroller's internal 
registers. The length and the part of the configuration 
block that is modified are determined by the first two 
bytes of the command parameter (see Figure 5.2). The 
FIRST BYTE specifiesthe first register in the config- 
ure block that will be configured, and the BYTE 
COUNT specifies the number of registers that will be 
configured starting with the FIRST BYTE. For exam- 
ple, if the FIRST BYTE is I and the BYTE COUNT is 
the length of the configure block, then all of the regis- 
ters are updated. If FIRST BYTE is 4 and BYTE 
COUNT is 2, then only the fourth register in the con- 
figure block is updated. Minimum byte count is 2. 
7 
6 
5 
4 
3 
2 
1 
0 


BYTE COUNT 


FIRST BYTE 


FIRST REGISTER 


LAST REGISTER 


Figure 5.2. Format 
of Configure 
Block 


A Configure-Done interrupt is issued when the opera- 
tion is done unless ABORT was issued during the 
DMA operation. 


DUMP 


This operation causes dumping of a set of microcontrol- 
ler internal registers to system memory. Figure 7.4 
shows the format of the 8044 DUMP block. 


The DUMP operation wiil either complete the execu- 
tion or be aborted by a specific ABORT operation. A 
Dump-Done or Execution-Aborted interrupt is issued 
upon completion of this operation. 
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This operation enables the reception of frames. It is 
ignored if the microcontroller's serial channel is already 
in reception mode. 


The serial port receives only frames that pass the ad- 
dress filtering. The microcontroller 
transfers the re- 
ceived information and the byte count to the system 
memory using DMA. The completion of frame recep- 
tion causes a Receive-Done event. 


REC-DISABLE 


This operation causes reception to be disabled. If trans- 
fer of data to the 80186 memory has already begun, 
then it is treated like the ABORT command. This oper- 
ation has no parameters. REC-DISABLE 
is accepted 
only when the microcontroller's serial port is in receive 
mode. 
' 


TRA-DISABLE 


This operation causes the transmission process to be 
aborted. If the microcontroller 
is fetching data from 
80186 memory, then it is treated like the ABORT com- 
mand. This operation has no parameters. It is accepted 
only when the serial port is in transmit mode. 


5.1.3 ILLEGAL COMMANDS 


Parametric 
and 
non-parametric 
commands 
except 
ABORT will be rejected (interrupt will not be set) if the 
microcontroller is already executing a command. 


ABORT is rejected if issued when the microcontroller 
is not requesting DMA operation, or a non-Parametric 
execution is performed, or transfer of parameters/data 
has already been accomplished. 


DMA operations shall not be aborted by any non-para- 
metric or parametric command except by the ABORT 
command. 


REC-DISABLE 
and TRA-DISABLE 
will not be ac- 
cepted if the serial channel is idle. 


5.2 Status 


The microcontroller provides the information about the 
last operation that was executed, via the status register. 


The microcontroller reports on these events by updat- 
ing a status register and raising the INTERRUPT 
sig- 
nal. Information from the status register is valid pro- 
vided the interrupt signal is high or bit 0 of the status 
being read is set. 


Format: 


7 
6 


~ 
RTS' 


"8044 only 


5 
4 
3 
2 
1 
0 


ITJ,--E_V_E_N_:r_I~ 


5.2.1 INTERRUPT (BIT 0) 


The interrupt bit is set together with the hardware in- 
terrupt signal. Setting the INT bit indicates the occur- 
rence of an event. This bit is cleared by any command 
whose INTA bit is set. Status is valid only when this bit 
is set. 


5.2.2 DMA OPERATION (BIT 1) 


The DMA bit, when set, indicates that a DMA opera- 
tion is in progress. This bit is set if the commnad re- 
ceived by the microcontroller requires data or parame- 
ter transfer. If this bit is clear, DRQ will be inactive. 
The DMA bit, when cleared, indicates the completion 
of a DMA operation. 


5.2.3 ERROR (BIT 5) 


The E bit, if set, indicates that the event generated for 
the operation that was completed contains a warning, 
or the operation was not accepted. 


5.2.4 REQUEST TO SEND (BIT 6) 


The RTS bit, if clear, indicates that the serial channel is 
requesting a transmission. 


5.2.5 CLEAR TO SEND (BIT 7) 


The CTS bit indicates that, if the RTS bit is clear, the 
serial port is active and transmitting a frame. 


5.2.6 EVENT (BITS 2-4) 


The event field specifies why the microcontroller needs 
the attention of the 80186. 


The following events may occur: 


CONFIGURE-DONE 
TRANSMIT-DONE 
DUMP-DONE 
RECEIVE-DONE 
RECEPTION-DISABLED 
TRANSMISSION-DISABLED 
EXECUTION-ABORTED 
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This event indicates the completion of a CONFIGURE 
operation. 
. 


TRANSMIT-DONE 


This event indicates the completion of the TRANSMIT 
operation. 


If the E bit is set, it indicates that the transmit butTer 
was already full. 


DUMP-DONE 


This event indicates that the DUMP operation is com- 
pleted. 


RECEIVE-DONE 


This event indicates that a frame has been received and 
stored in memory. 


The format of the received message is indicated in Fig- 
ure 5.3. 


7 
6 
5 
4 
3 
2 


FIRST INFO BYTE 


LAST INFO BYTE 


RECEIVED 
BYTE COUNT 


Figure 5.3. Format 
of Receive 
Block 


Following the byte count, a few more bytes relating to 
the received frame such as the source address and the 
control byte may be transferred to the system memory 
using DMA. As an example, see the 8044 receive block 
in Figure 7.3. 


Note that the format of a frame received by the micro- 
controller serial channel is configured by the CONFIG- 
URE command. 


If the E bit is set, butTer overrun has occurred. 


RECEPTION-DISABLED 


This event is issued as a result of a RCV-DISABLE 
operation that causes part of a frame to be disabled. 


If the E bit is set, the serial port was already disabled, 
and the RCV-DISABLE is not accepted. 


TRANSMISSION-DISABLED 


This event is issued as a result of a TRA-DISABLE 
operation that causes transmission of a frame to be dis- 
abled. 


The E bit, if set, indicates that the TRA-DISABLE 
operation was not accepted since the serial port was 
already idle, or transmission of a frame has already 
been accomplished. 


EXECUTION-ABORTED 


This event indicates that the execution of the last opera- 
tion was aborted by the ABORT command. 


If the E bit is set, ABORT was issued when the micro- 
controller was not executing any commands. 


6.0 HARDWARE DESCRIPTION 


o 


The interface hardware shown in Figures 6.1 and 6.2 
are identical. The ditTerence is the status register. In 
Figure 6.2, an external latch is used to latch the status 
byte. This hardware is recommended if an extra I/O 
port on the microcontroller is required for some other 
applications, or external program and data memory is 
required for the microcontroller. The hardware shown 
in Figure 6.1 makes use of one of the microcontroller's 
I/O ports (port I) to latch the status to minimize hard- 
ware. The discussion of Sections 1 through 5 apply to 
both schematics. 


6.1 Reset 


After an 80186 hardware reset, the microcontroller is 
also reset. The on-chip registers are initialized as ex- 
plained in the Intel Microcontroller Handbook. The re- 
set signal also clears the 80186 interrupt and the micro- 
controller interrupt signals by resetting FF3 (Flip-Flop 
3) and FF2 (Flip-Flop 2). Figure 4.5 shows the RESET 
timing. 


6.2 Sending Commands 


A bidirectional latched transceiver (74ALS646) is used 
for the Command/Data 
register. 
When 
the 
80186 
writes a command to the Command/Data 
register, it 
interrupts the microcontroller. The interrupt is generat- 
ed only when bit 7 (INTA) of the command byte is set. 
When the 80186 PCSO and WR signals go active to 
write the command, FF2 will be set and FF3 will be 
cleared. The output of FF3 is the interrupt to the 80186 
and the INT status bit. The INT bit is cleared immedi- 
ately to indicate that the status is no longer valid. The 
output of FF2 is the interrupt to the microcontroller. A 
high to low transition on this line will interrupt 
the 
microcontroller. The interrupt signal will be cleared as 
soon as the microcontroller reads the command from 
the Command/Data 
register. 
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In the interrupt service routine the command is decod- 
ed. If it requires a DMA transfer, the microcontroller 
sets the DMA bit of the status register which activates 
the DMA request signal. DRQ active causes the 80186 
on-chip DMA to perform a fetch and a deposit bus 
cycle. The first DMA cycle clears the DRQ signal (FFI 
is cleared). When the microcontroller performs a read 
or write operation, the output of the FFI will be set, 
and DRQ goes active again. 


The DMA controller transfers a byte from system 
memory to the Command/Data 
register. Data 
is 
latched when the 80186 PCSI and WR signals go ac- 
tive. PCSI and WR active also clear FFl. The micro- 
controller monitors the output of FF I by polling the 
P3.3 pin. When FFI 
is cleared the microcontroller 
reads the byte from the Command/Data register. The 
P3.3 pin is also the interrupt pin. If a slow rate of trans- 
fer is acceptable, every DMA transfer can be interrupt 
driven to allow the microcontroller to perform other 
tasks. 


The DMA controller transfers a byte from the Com- 
mand/Data 
register to system memory by activating 


'---i----1I-I----i-i--+--~- 
P3.3/INTI 
.RO-+_._;:Lj:>-----t---t-lf---'---l 
GNO 


10400-7-++---I+-•••----+...::I~_+I'\lS6... 
6el+o+---,,00-7 


INT+------I+=--+----------4-I 


ORQO 


PCSO· -!_LY>----1---I12: 


the 80186 PCSI and RD signals. PCSl and RD active 
also clear FFl. When FFI is cleared the microcontrol- 
ler writes the next byte to the Command/Data register. 


When all the data is transferred, the microcontroller 
clears the DMA status bit to disable DRQ. It then up- 
dates the status, sets the INT bit, and interrupts the 
80186. 


If the interface hardware in Figure 6.1 is used PUis 
the DMA status bit and Pl.O is the INT bit. The micro- 
controller enables or disables them by writing to port I. 
In Figure 6.2, DRQ or INT is disabled or enabled by 
writing to the 74LS374 status register. Note that the 
INT status bit is cleared by the hardware when the 
80186 writes a command. 


6.4 Reading Status 


The command is written and the status is read with the 
same chip select (PCSO), although the status is read 
through the 74LS245 transceiver and the command is 
written to the Command/Data register. 


LS2-4S 
\+------ 
P1.7 
\+------ 
PLO 
1+------ 
PLO 
1+----:--- PU 
\+------ 
P1.3 
1+------P1.2 
1+--_---P1.1 


(~~=:it==== 
Rii 
Wo 
1--+-------1-----+ 
P3.2/INTO 


P1.0 
RESET----1HDo_-:t========~")o------1 
L----------------------+RESET 
231784-7 


Figure 6.1. Hardware Interface (Port 1 is the Status Register) 
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Figure 6.2. Hardware 
Interface 


The microcontroller updates the status byte whenever a 
change occurs in the status and outputs the result to the 
status register. In order to read status, the 80186 acti- 
vates the PCSO line, and then activates the RD line. 
The contents of the status are put on the data bus, 
through the 74LS245 transceiver. 


7.1 Configuring 
the 8044 


This operation configures the 8044 registers. The for- 
mat of the configure block is shown in Figure 7.1. The 
part of the configuration block that is modified is deter- 
mined by the first two bytes of the command parame- 
ter. The FIRST BYTE specifies the first register in the 
configure block that will be configured, and the BYTE 
COUNT specifies the number of registers that will be 
configured starting with the FIRST BYTE. For exam- 
ple, if the FIRST BYTE is I and the BYTE COUNT is 
13, then all of the registers are updated. 
If FIRST 
BYTE is 4 and BYTE COUNT is 2, then transmit buff- 
er start register is configured. 


For systems that require two DMA channels, a second 
pair of DRQI/DACK1 
signals may easily be added to 


the hardware. 
In that 
case one of the status 
bits 


(DMA2) ANDed with the output of FFI will serve as 
the second DMA request signal (DRQI). DACKI can 
be generated with the 80186 PCS2. 


7.0 8044/80186 
INTERFACE 
The configure command performs the following: I) 
configures theinterrupts 
and assigns their priorities; 2) 
assigns the start address and length of the transmit and 
receive buffers; 3) sets the station address; 4) sets the 
clock option and the frame format. 


This section shows how to make use of the status and 
commands described in section 5 and the hardware giv- 
en in Figure 6.I to interface the 80186 with the 8044. 
The 8044 code to implement these functions is shown 
in Appendix A. 
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For other microcontrollers the format of the configure 
block should be modified accordingly. For example, the 
80CSl serial port registers (e.g., nCON, 
SCON) re- 
place the 8044 SIU registers in the configure block. 


7 
6 
5 
432 
1 
0 


BYTE COUNT 


FIRST BYTE 


STS 


SMD 


STATION 
ADDRESS 


TRANSMIT 
BUFFER 
START 


TRANSMIT 
BUFFER 
LENGTH 


RECEIVE BUFFER START 


RECEIVE BUFFER 
LEf'lGTH 


INTERRUPT 
PRIORITY 


INTERRUPT 
ENABLE 


TIMER/COUNTER 
MODE 


TIMER/COUNTER 
MODE 


PROCESSOR 
STATUS WORD 


Figure 7.1. Format of the 8044 Conflgure 
Block 


7.2 Transmitting 
a Message 
with the 8044 


A message is a block of data which represents a text file 
or a set of instructions for a remote node or an applica- 
tion program which resides on the 8044 program memo 
ory. A message can be a frame (packet) by itself or can 
be comprised of multiple frames. An SDLC frame is 
the smallest block of data that the 8044 transmits. The 
8044 can receive commands from the 80186 to transmit 
and receive messages. The 8044 on-chip CPU can be 
programmed to divide messages into frames if neces-. 
sary. Maximum frame size is limited by the transmit or 
receive buffer. 


To transmit a message, the 80186 prepares a transmit 
data block in memory as shown in Figure 7.2. Its first 
byte specifies the length of the rest of the block. The 
next two bytes specify the destination address of the 
node the message is being sent to and the control byte 
of the message. The 80186 programs the DMA control- 
ler with the start address of the block, length of the 
block and other control information and then issues the 
Transmit command to the 8044. 


Upon receiving the command, the 8044 fetches the first 
byte of the block using DMA to determine the length of 
the rest of the block. It then fetches the destination 
address and the control byte using DMA. 


The 8044 fetches the rest of the message into the on- 
chip transmit buffer. The size and location of the trans- 
mit buffer in the on-chip RAM is configured with the 
Configure command. The 8044 CPU then enables the 
Serial Interface Unit (SIU) to transmit the data as an 
SDLC frame. The SIU sends out the opening flag, the 
station address, the SDLC control byte, and the con- 
tents of transmit buffer. It then transmits the calculated 
CRC bytes and the closing flag. The 8044 CPU and the 
SIU operate concurrently. 
The CPU can fetch bytes 


from system memory or execute a command such as 
TRANSMIT-DISABLE 
while the SIU is active. 


Upon completion of transmission, the SIU updates the 
internal registers and interrupts 
the 8044 CPU. The 


8044 then updates the status and interrupts the 80186. 
Note that baud rate generation, 
zero bit insertion, 


NRZI encoding, and CRC calculation are automatical- 
ly done by the SIU. 


7.3 
Receiving a Message 
with the 8044 


To receive a message, the 80186 allocates a block of 
memory to store the message. It sets the DMA channel 
and sends the Receive command to the 8044. 


Upon reception of the command, the 8044 enables its 
serial channel. The 8044 receives and passes to memory 
all frames whose address matches the individual or 
broadcast address and passes the CRC test. 


The SIU performs NRZI decoding and zero bit dele- 
tion, then stores the information field of the received 
frame in the on-chip receive buffer. At the end of recep- 
tion, the CPU requests the transfer of data bytes to 
80186 memory using DMA. After transferring all the 
bytes, the 8044 transfers the data length, source ad- 
dress, and control byte of the received frame to the 
memory (see Figure 7.3). Upon completion 
of the 


transfers, the 8044 updates the status register and raises 
the interrupt signal to inform the 80186. 


If the SIU is not ready when the first byte of the frame 
arrives, then the whole frame is ignored. Disabling re- 
ception after the first byte was passed to memory caus- 
es the rest of the frame to be ignored and an interrupt 
with Receive-Aborted event to be issued. 
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6 
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BYTE COUNT 


DESTINATION 
ADDRESS 


TRANSMIT 
CONTROL 
BYTE 


FIRST DATA BYTE 


LAST DATA BYTE 


PREAMBLE 


FLAG 


DESTI ADDRESS 


CONTROL 
BYTE 


FIRST DATA BYTE 


LAST DATA BYTE 


FCSBYTE 


FCSBYTE 


FLAG 


Figure 7.2. The 8044 Transmit 
Frame Structure 
and Location 
of Data Element 
in System 
Memory 


PREAt.lBLE 


FLAG 
!i- 


DESTI ADDRESS 


CONTROL 
BYTE 


FIRST DATA BYTE 
FIRST DATA BYTE 


LAST 
DATA BYTE 
II 
LAST DATA BYTE 


BYTE COUNT .jj 
FCS BYTE 


DESTI ADDRESS 
FCS BYTE 


CONTROL 
BYTE 
FLAG 
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Figure 7.3. The 8044 Receive 
Frame Structure 
and Location 
of Received 
Data Element 
in 
System 
Memory 


7.4 
Dumping the 8044 Registers 


Upon reception of the Dump command, the 8044 trans- 
fers the contents of its internal registers to the system 
memory (See Figure 7.4). 


5 
4 
3 


STSREG. 


SMDREG. 


STAD REG. 


TBSREG. 


TBLREG. 


TCB REG. 


RBSREG. 


RBLREG. 


RCB REG. 


RFLREG. 


PSWREG. 


IPREG. 


IEREG. 


TMODREG. 


TCONREG. 


Figure 7.4. Format of the 8044 Dumped 
Registers 


7.5 Aborting an Operation 


To abort a DMA operation, the 80186 sends an Abort 
command to the Command/Data 
latch and interrupts 
the 8044. During a DMA operation, the 8044 puts the 
external interrupt to high priority; therefore, the Abort 
interrupt will suspend the execution of the operation in 
progress and update the status register with the Execu- 
tion-Aborted event. It then returns the 8044 program 
counter to a location before the aborted operation start- 
ed. The Abort software procedure given in Appendix A 
gives the details of the execution of the ABORT com- 
mand. 


7.6 
Disabling the Transmission 
or 
Reception 


Transmission of a frame is aborted if the 80186 sends a 
TRANSMIT-DISABLE 
command to the 8044. The 
command causes the 8044 to clear the Transmit Buffer 
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Full (TBF) bit. During transmission, if the TBF bit is 
cleared, the SIU will discontinue the transmissiori and 
interrupt the 8044 CPU. 


The RECEIVE-DISABLE 
command causes the 8044 
to clear the Receive Buffer Empty (RBE) bit. The SIU 
aborts the reception, if the RBE bit is cleared by the 
CPU. 


When transmission or reception of a frame is discontin- 
ued, the SIU interrupts the 8044 CPU. The CPU then 
updates the status and interrupts the 80186. 


7.7 
Handling Interrupts 


When the 80186 sends a command, it sets the 8044 
external interrupt flag. The 8044 services the interrupt 
at its own convenience. In the interrupt service routine 
the 8044 executes the appropriate instructions for a giv- 
en command. During execution of a command the 8044 
ignores any command, except ABORT, sent by the 
80186 (see section 5.1.2). This is accomplished by clear- 
ing the interrupt flag before the 8044 returns from the 
interrupt service routine. During DMA operations the 
8044 sets the external interrupt to high priority. An 
interrupt with high priority can suspend execution of 
an interrupt 
service routine with low priority. 
The 
ABORT command given by the 80186 will interrupt 
the execution of the DMA transfer in progress. Upon 
completion of ABORT, execution of the last operation 
will not be resumed (see Appendix A). Note that any 
other command given during the DMA operation will 
also abort the operation in progress and should be 
avoided. 


8.0 
8044 IN EXPANDED 
OPERATION 


To increase the number of information bytes in a frame, 
the 8044 can be operated in Expanded mode. In Ex- 
panded operation the system memory can be used as 
the transmit and receive buffer instead of the 8044 in- 
ternal RAM. AP-283, "Flexibility in Frame Size Oper- 
ation with the 8044", describes Expanded operation in 
detail. 


8.1 Transmitting 
a Message in 
Expanded 
Operation 


In Expanded operation the 8044 transmits the frame 
while it is fetching the data from the system memory 
using DMA. An internal transmit buffer is not neces- 
sary. The system memory can be used as the transmit 
buffer by the 8044. 


Upon receiving the Transmit command, the 8044 en- 
ables the SIU and fetches the first data byte from the 
Command/Data 
register. The SIU transmits the open- 


ing flag, station address, and the control byte if the 
frame format includes these fields. It then transmits the 


fetched data. The 8044 CPU fetches the next byte while 
the previously fetched byte is being transmitted by the 
SIU. The CPU 
fetches the remaining 
bytes using 
DMA, then the SIU transmits them simultaneously un- 
til the end of message is reached. The SIU then trans- 
mits the FCS bytes, the closing flag and interrupts the 
8044 CPU. The 8044 updates the status with the Trans- 
mit-Done event and interrupts the 80186. If the DMA 
does not keep up with transmission, the transmission is 
an underrun. 


8.2 
Receiving a Message in Expanded 
Operation 


In Expanded operation the DMA controller transfers 
data to the system memory while the 8044 SIU is re- 
ceiving them. 


To receive a message, the 80186 allocates a block of 
memory for storing the message. It sets the DMA chan- 
nel and sends the Receive command to the 8044. 


Upon reception of the command, the 8044 enables its 
serial channel and waits for a frame. The SIU performs 
flag detection, address filtering, zero bit deletion, NRZI 
decoding, and CRC checking as it does in Normal op- 
eration. 
. 


After the SIU receives the first byte of the frame, the 
8044 CPU requests the transfer of the byte to memory 
using DMA. The 80186 DMA moves the information 
byte into the system memory while the SIU is receiving 
the next byte. The next byte is transferred to the memo- 
ry after the SIU receives it. When the entire frame is 
received, the SIU checks the received Frame Check Se- 
quence bytes. If there is no CRC error, the SIU updates 
the 8044 registers and interrupts the 8044 CPU. The 
CPU updates the status and interrupts the 80186. 


9.0 
CONCLUSION 


This application note describes an efficient way to in- 
terface the 80186 and the 80188 microprocessors to the 
Intel 8-bit microcontrollers like the 80C51, 8052, and 
8044. To illustrate this point the 80186 microprocessor 
interface to the 8044 microcontroller based serial com- 
munication chip was described. The hardware interface 
given here is very general and can interface the 8-bit 
microcontrollers to a variety of Intel microprocessors 
and DMA controllers. The microcontrollers with this 
interface hardware have the same benefits as both the 
Inte!' UPI-41/42 
family and data communication pe- 


ripheral chips such as the 82588 and the 82568 LAN 
controllers. Like the Intel UPI chips, they can be easily 
interfaced to microprocessors, and like the data com- 
munication peripherals, they execute high level com- 
mands. A similar approach can be used to interface 
Intel microprocessors to the 16-bit 8096 microcontrol- 
ler. 
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APPENDIX 
A 
SOFTWARE 


The software modules shown here implement the exe- 
cution of commands and status explained in sections 5 
arid 7. The 80186 software provides procedures to send 
commands and read status. The 8044 software decodes 
and executes the commands, updates the status, and 
interrupts the 80186. The procedures given here are 
called by higher levelsoftware drivers. For example, an 
80186application program may use the Transmit com- 
mand to send a block of data to an application program 
that resides in the 8044 ROM or in another remote 
node. The application programs and the drivers that 
perform the communication tasks run asynchronously 
since all communication tasks are interrupt-driven. 


Figure A-I shows how to assign the ports and control 
registers for an 80186-based system. The software is 
written for an Intel iSBC@ 186/51 computer board. 
The 8044hardware is connected to the computer board 
iSBXTMconnector. 


Figure A-2 shows the 80186 command procedures. 
These procedures are used by the data link driver. 


Figure A-3 shows how the DMA controller is loaded 
and initialized for data and parameter transfer from the 
80186 memory to the 8044. This procedure is used by 
the TRANSMIT and CONFIGURE commands. 


Figure A-4 shows how the DMA controller is loaded 
and initialized for data and parameter transfer from the 
8044 to the 80186 memory. This procedure is used by 
the RECEIVE and DUMP commands. 


Figure A-5 shows an interrupt service routine which 
handles interrupts resulting from various events. Note 
that this routine is not complete. The user should write 
the software to respond to events. 


Figure A-6 shows an example of the 80186software. It 
shows how to start various operations. This is not a 
data link driver, but it gives the procedures needed to 
write a complete driver. 


Figure A-7 shows how to initialize the 8044. The user 
application program should be inserted here. 


Figures A-8 through A-13 show the 8044 external in- 
terrupt service routine. In this routine a command re- 
ceived from the 80186 is decoded, and one of the com- 
mand procedures shown in Figures A-9 through A-13 
is executed. 


Figure A-14 shows the serial channel (SIU) interrupt 
service routine. Note that execution of TRANSMIT, 
RECEIVE, and TRANSMIT-DISABLE 
commands 
are completed in this routine. 
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CON DONE 
TRA-DONE 
DUll-DONE 
REC-DONE 
REC-DISA 
TRA-DISA 
ABO:::DONB 


: 
COMMANDS 


BQU 
OlH 
BQU 
02H 
EQU 
03H 
BQU 
04H 
BQU 
05H 
BQU 
06H 
BQU 
07H 
(INTA-l) 


CONFIGURE 
DONE 
TRANSMIT CoNE 
DUMP DONi 
RECEIVE 
DONE 
RECEPTION 
DISABLE 
TRANSMISSION 
DISABLE 


, 
EXECUTION_ABORTED 
231764-10 


ABO CND 
EQU 
REC- DIS 
CND 
EQU 
XMIT DIS 
CND EQU 
REC O<D - 
EQU 
TRA-CND 
EQU 
DUM-CMD 
EQU 
CON-CMD 
EQU 
NOP:::CND 
EQU 


080H 
081H 
082H 
083H 
084H 
085H 
086H 
087H 


ABORT 
RECEIVE 
DISABLE 
TRANSMIT DISABLE 
RECEIVE 
TRANSMIT 
DUMP 
CONFIGURE 
NOP 


, 
80186 
DNA CHANNEL 1 REGISTERS 


SOURCE ADDRESS 
(LO WORD) 


SOURCE ADDRESS 
(HI 
WORD) 
DESTINATION 
ADDRESS 
(LO WORD) 


DESTINATION 
ADDRESS 
(HI 
WORD) 
TRANSFER COUNT ADDRESS 
CONTROL 
ADDRESS 


SL 
DNAl 
SH-DNAl 
DL-DNAl 
DH-DNAl 
CNT DNAl 
CTL:::DNAl 


EQU 
OFFDOH 
EQU 
OFFD2H 
EQU 
OFFD4H 
EQU 
OFFD6H 
EQU 
OFFD8H 
EQU 
OFFDAH 


, 
80186 
INTERRUPT 
CONTROLLER REGISTERS 


CTLO INTR 
CTLCINTR 
NASK-INTR 
EOI 
INTR 
NSPEC_BIT 


INT 
0 CONTROL ADDRESS 
INT 
1 CONTROL REGISTER 
INT 
NASK REGISTER 
INT 
EOI 
REGISTER 
NON-SPECIFIC 
EOI 


EQU 
OFF38H 
EQU 
OFF3AH 
EQU 
OFF28H 
EQU 
OFF22H 
EQU 
08000H 


; 
80130 
INTERRUPT 
CONTROLLER REGISTERS 


EOI 
SINTR 
EQU 
OEOH 
NASK_SINTR 
EQU 
OE2H 


RD IRR 
EQU 
OlOH 
RD:::ISR 
EQU 
OllH 


INT 
EOI 
REGISTER 
MASK REGISTER 


COMMAND 
TO 
80130 
TO 
READ 
IRR 
REG 


COMMANDTO 80130 
TO READ ISR 
REG 


EQU 
20H 
BASE OF 80130 
INT 
CONTROLLER VECTOR 
231764-11 


Figure A-1. Port and Register 
Definitions 
for 80186 System 
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INTERRUPTS 


;**.•*.••.•*.•.•.•.••****.•.•.•** •• * .•*._ * .•*_.•* .•* •• * .•.•••••.••••• 
* .•* .•.•.•* 'It 'It .• * .•__._ .•* 


; 
INTERRUPT 
TABLE 


SEGMENT 
AT 
0 


INTERRUPTS 
ENDS 


ORG 
(IV_BASE+l) 
*4H 


IABEL 
DWORD 


~** .•.•••.•.•.•••.•.•.• *.•** .•.••.•.•.•.•.•* .•.•_•.•.•.•.•.•'It_ .•.•.• * .•.•.•.•.•*.•.•.•.•.•.•.•* * .•.•* .•.•.•.•.•.•.• 


IR1 
VECTOR 


STACK 
SEGMENT 
STACK 
'STACK' 


THE 
STACK 
OH 
200H 
DUP(?) 
TOS - 
IABEL 
HORD 


STACK 
;.•.•.•.•.•.•.•.•.•.•.•.•.• 
*** ••• _.•••.•.•.•_. 'It_ .•.•.••••••.•••.• 
* * .•.•.•.•'It_ 
.•.•.•.•••••••.•.•.••••• 


DATA 
SEGMENT 


REC_BUFFER 
DB 


CON_BUFFER 
DB 


DUM_BUFFER 
DB 


TRA_BUFFER 
DB 


CMNDJIAG 
OH 


DATA 
ENDS 


ENDS 


PUBLIC 
• DATA I 


1024 
DUP(?) 


08H, 
OlK, 
OOH, ODOK, 55H, 
20H, 
05H, 
30R, 
05H 


OFH 
DUP(?) 


07H, 55H, IlK, 
01R, 02H, 03K, 04H, O'5H 


FALSE 
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Figure A-1. Port and Register 
Definitions 
for 80186 System 
(Continued) 


; _. 
._. 
__ 
._ 
•• 
_ •••• 
••• 
_._. 
__ 
•••• 
lIt 
._._ 
.• 'It 'It 'It 'It_ 


CODE 
SEGMENT 
PUBLIC 
'CODE' 


ASSUME 


& 


&, 


CS:CODE, 
os: DATA, 
ES :NOTHING, 
SS: 
STACK 


RECV 
_COMMAND 


1 .•.•.•.•.•.• *.•.•.•.•* .•.•.•.••- * .•.•* .•.•* * * .•.•.•.•.•.•.•.•.•.•.•.•.•.• 
* * * .•.•.•.•* * * * .•.•.•.•* •• * 


PROC 
FAR 


PUSH 
MOV 
LES 
MOV 
MOV 
CALL 
MOV 
OUT 
POP 
RET 


BP 
BP,SP 
SI,DHORD 
PTR 
(BP+6) 
AX,WORD 
PTR(BP+10] 
AH,OH 
RECDMA 
AL,iEc 
CND 
CKD ";AL 
BP 
- 


LOAD 
BUFFER 
pOINTER 
LOAD 
BUFFER 
SIZE 
~ 


CALL 
REC-DMA 
LOAD 
RECEIVE 
COMMAND 
SEND 
TO 
COMMAND/DATA 
REG 


; * * * ** * * * * * * ** * * * * * * * * *** * * * ** * * * * * * * * * * * * ** *** *** * * ** **. 
* * * * * * 


PUSH 
MOV 
LES 
MOV 
MOV 
CALL 
MOV 
OUT 
POP 
RET 


BP 
BP,SP 
SI,DWORD 
PTR 
[BP+6) 
AX,HORD 
PTR(BP+lO) 
AH,OH 
TRA 
DMA 
AL,TRA 
CMD 
CMD 44;AL 
BP 
- 


LOAD 
BUFFER 
pOINTER 
LOAD 
BUFFER 
SIZE 


CALL 
TRA-DMA 
LOAD 
TRANSMIT 
COMMAND 
SEND 
TO 
COMMAND/DATA 
REG 
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Figure A-2. Setup and Execution 
of Commands 
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;**.********.*********** 
******** 
******* .•••**** .•**** **** .******* 


CONF _COMMAND 
PRoe 
FAR 


PUSH 
ROV 
LES 
ROV 
ROV 
CALL 
ROV 
OUT 
pop 


RET 


BP 
BP,SP 
SI,DWORO 
PTR[BP+6] 
AX,WORD 
PTR[BP+10] 
AH,OH 
TRA 
ORA 
AL,CON 
CMD 
CMD 44-;AL 
BP 
- 


LOAD 
BUFFER 
POINTER 
LOAD 
BUFFER 
SIZE 


CALL 
TRA-DRA 
LOAD 
CON FIGURE 
COMMAND 
SEND 
TO 
COMMAND/DATA 
REG 


:• *.•.•.•** .•••.•.•.•.•.•.•.••.* .•*.* * .•.•.•* .•* .•.••.•.•*.•.•.•.••..•* .•* .•.•.•.•.•.•.•.•.•*.•.•.•.•*** 
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PROC 
FAR 


PUSH 
ROV 
LES 
ROV 
ROV 
CALL 
ROV 
OUT 
POP 
RET 


BP 
BP,SP 
SI,DWORD 
PTR[BP+6] 
AX,WORD 
PTR[BP+lO] 
AH,OH 
REC 
DRA 
AL,DUM 
eKD 
CHD 
44-;AL 
BP 
- 


LOAD 
BUFFER 
POINTER 
LOAD 
BUFFER 
SIZE 


CALL 
REC-DRA 
, 


I 
LOAD 
DUMP 
COMMAND 
SEND 
TO 
COMMAND/DATA 
REG 


DUMP 
COMMAND 
ENDP 
; •.•.*••••• 
*****.* ***** ••••••. ******.* •.•** .•**** * ••• *** * .•***** .*** 


FAR 
PROC 


ROV 
OUT 
RET 


AL,XMIT 
DIS 
CMO 
CMD_44,AL 


PROC 


LOAD 
XMIT-DIS 
COMMAND 
SEND 
TO 
COMMAND/DATA 
REG 


; **.•***.•.•.•*.•.•* ** *.* * .•.••••..••.•.* .•.•.•.••..•** * .••..•••.•* .••.•.•••••*** * •.•.••.* •..•.• 
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ROV 
OUT 
RET 


AL, 
REC 
DIS 
CHD 
CMD_44-;AL 


FAR 


LOAD 
REC-DIS 
COMMAND 
SEND 
TO 
COMMAND/DATA 
REG 


;********** 
••• *********************** 
••••• 
** •••• *** •.•*.*****. 


ABOR_COMMAND 
PROC" 
FAR 


MOV 
AL, 
ABO 
CMD 
LOAD 
ABORT 
COMMAND 
OUT 
CHD_44-;AL 
SEND 
TO 
COMMAND/DATA 
REG 
RET 


;*** •••••••• 
********.** 
•••• ** •• ****.* •• ****.***********.****. 


NOP_COMMAND 
PRoe' 
FAR 


MOV 
AL,NOP 
CMD 
LOAD 
NOP 
COMMAND 
OUT 
CRD_44-;AL 
SEND 
TO 
COMMAND/DATA 
REG 
RET 


Figure A-2. Setup and Execution 
of Commands 
(Continued) 
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'* '* •• * * ..••*.* **••• *.*•• *••• *•••••• 
,.•••• *.* * * •••••• 
* * * ••••••• 
* * 
*. 
RECEIVE 
DKA 
ARGS 
AX 
BUFFER 
SIZE 
ES: SI 
BUFFER 
POINTER 


REC_DIIA 
PROC 
NEAR 
MOV 
DX,CNT_DllAl 
OUT 
OX,AX 


XOR 
BX,eX 
MOV 
AX,ES 
SHL 
AX,l 
RCL 
ax.a 
SHL 
AX,l 
RCL 
BX,l 
SHL 
AX,l 
RCL 
BX,l 
SHL 
AX,l 
RCL 
ex,l 
ADD 
AX,SI 
ADC 
BX,O 
MOV 
OX,OL_DMAl 
OUT 
DX,AX 
MOV 
xx.ax 
MOV 
DX, DH_DllAl 
OUT 
ox, A)( 


ROV 
AX,DATA_44 
ROV 
DX,SL_DMAl 
OUT 
ox, A)( 


XOR 
AX,AX 
ROV 
OX,SH_OMAl 
OUT 
OX,AX 


ROV 
DX,CTL_DllAl 
ROV 
AX,1010001010100110B 
OUT 
OX,A)( 
RET 


REC_DIIA 
ENDP 


LOAD ADD OF TRANSFER 
COUNT REG 
PROGRAM TRANSFER 
COUNT REGISTER 


CLEAR 
BX 
I 
LOAD SEG ADDRESS 
OF BUFFER 
CALCULATE 
LINEAR 
ADDRESS 
OF THE BUFFER 


I ADD THE OFFSET 
TO BASE 


LOAD ADDRESS 
OF 
DEST 
POINTER 
(LO WORD) 
PROGRAM DEST 
POINTER 
REGISTER 
(LO WORD) 


I LOAD ADDRESS 
OF DEST 
POINTER 
(HI 
WORD) 
PROGRAM DEST 
POINTER 
REGISTER 
(HI 
WORD) 


LOAD ADDRESS 
OF DATA REGISTER 
LOAD ADDRESS 
OF SOURCE 
POINTER 
PROGRAM SOURCE 
POINTER 
REGISTER 
(LO WORD) 


CLEAR AX 
LOAD ADDRESS 
OF SOURCE 
POINTER 
(HI 
WORD) 
PROGRAM SOURCE 
POINTER 
REGISTER 
(HI 
WORD) 


LOAD ADDRESS 
OF CONTROL REGISTER 
LOAD THE CONTROL WORD 
PROGRK THE 
CONTRL REGISTER 
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Figure A-3. Loading 
and Starting 
the 80186 DMA Controller 


,••••••• 
* •••••• 
**. ******* ••••••• 
** •••••• 
*** .********. 
* * ** * ** ***** * 
; ** 
TRANSMIT 
DNA 


,ARGS 
AX 
BUFFER 
SIZE 
I 
ES: SI 
BUFFER 
POINTER 


I 
TRA DIIA 
- 
INC 
ROV 
OUT 


PROC 
NEAR 
AX 
ex,eNT 
OMAl 
DX,AX 
- 


XOR 
ROV 
SHL 
RCL 
SHL 
RCL 
SHL 
RCL 
SHL 
RCL 
ADD 
ADC 
ROV 
OUT 
ROV 
ROV 
OUT 


ROV 
ROV 
OUT 


ex,ex 
AX,ES 
AX,l 
BX,l 
AX,l 
ex,l 
AX,l 
ex,l 
Ax,l 
ex,l 
AX,SI 
BX,O 
DX,SL 
OMAl 
DX,AX- 
AX,BX 
DX,SH 
DllAl 
DX,AX- 


AX,DATA 
44 
DX,DL 
DMAl 
DX,AX- 


XOR 
MOV 
OUT 


AX,AX 
DX,DH 
DKAl 
ox, Ale 


HOV 
ROV 
OUT 
RET 


DX,CTL 
ORAl 
AX,0001011010100110B 
DX,AX 


I 
LOAD ADD OF TRANSFER 
COUNT REG 


I PROGRAM TRANSFER 
COUNT REGISTER 


CLEAR 
BX 
LOAD BEG ADDRESS 
OF BUFFER 
CALCULATE 
LINEAR 
ADDRESS 
OF THE BUFFER 


I ADD THE OFFSET 
TO BASE 


LOAD ADDRESS 
OF SOURCE 
POINTER 
(LO WORD) 
PROGRAM SOURCE 
POINTER 
REGISTER 
(LO WORD) 


LOAD ADDRESS 
OF SOURCE 
POINTER 
(HI 
WORD) 
PROGRAM SOURCE 
POINTER 
REGISTER 
(HI 
WORD) 


LOAD ADDRESS 
OF DATA REGISTER 
LOAD ADDRESS 
OF DEST 
POINTER 
PROGRAM DEST 
POINTER 
REGISTER 
(LO WORD) 


CLEAR AX 
LOAD ADDRESS 
OF DEST 
POINTER 
(HI 
WORD) 
PROGRAM DEST 
POINTER 
REGISTER 
(HI 
WORD) 


LOAD ADDRESS 
OF CONTROL REGISTER 
LOAD THE CONTROL WORD 
PROGRAM THE 
CONTRL REGISTER 


Figure A-4. Loading and Starting 
the 80186 DMA Controller 
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:***** .•.••** * .•.•*.* .•** * * ** * * .•* .••** •• * ••• **.* * * * * * * **••• "**.**.""".* .•* * 
80186 
INTERRUPr 
ROUTINE 


INT_186: 


PUSH 
PUSH 
KOV 
KOV 
OUT 


AX 
OX 
AX, NSPEC BIT 
DX,EOI 
INTR 
DX,AX 
- 


SEND 
NSPEC 
END 
OF 
INT 


xov 
AL,011000018 
OUT 
EOI_SINTR,AL 


IN 
AL,ST 
44 
AND 
AX,OFFH 
, 
READ 
THE 
STATUS 


DECODE 
STATUS 
AND 
TAKE 
APPROPRIATE 
ACTION 


HQV 
OX, CTL DMAl 
IN 
AX,OX 
- 
OR 
AXt0100B 
AND 
AX. NOT 
OlOB 
OUT 
OX,AX 


, 
DISABLE 
DMA 


MQV 
CHND_FLAG, TRUE 


POP 
OX 
POP 
AX 
lRET 
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Figure A-5. Interrupt 
Service 
Routine 


;"". * * "" * * * * **.* * * * ****.**.* * 111 * •• ** * ••••.• * **.* * **.* * *** * * *"* * * 


BEGIN: 
CLI 
CLD 


SET ALL REGISTERS 
SMALL MODEL 


HQV 
SP,OATA 
xov 
DS,SP 
MCV 
ES,SP 
MQV 
SP, 
STACK 
MQV 
SS,SP 
MOV 
SP, 
OFFSET 
TOS 


SETUP 
INTERRUPT 
VECTORS 


PUSH 
ES 
XOR 
AX,AX 
KOV 
ES,AX 
xov 
WORD PTR ES:IV 
INTRO 
+0, 
OFFSET 
INT_186 
MCV 
WORD PTR ES:IV-INTRO 
+2, 
CS 
POP 
ES 
- 


SETUP 80130 
INTERRUPT CONTROLLER 


KOV 
AL,000100118 
ICWl 
OUT 
EOI_SINTR,AL 
KUL 
AL 


KOV 
AL,IV_BASE 
ICW2 
OUT 
MASK_SINTR,AL 
KUL 
AL 


KOV 
AL,000000008 
ICW4 
OUT 
MASK_SINTR,AL 
KUL 
AL 


KOV 
AL,OFCH 
'MASK 
OUT 
MASK_SINTR,AL 
231784-19 


Figure A-6. Example 
of Executing 
Commands 
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int:eL 
AP-286 


SETUP 
80186 
INTERRUPT 
CONTROLLER 


MOV 
AX,00000000001000008 
MOV 
OX, CTLO 
INTR 
OUT 
DX,AX- 


MOV 
OX, CTLl 
INTR 
IN 
AX,DX- 
OR 
AX,0000000000101000B 
OUT 
DX,AX 


MOV 
MOV 
OUT 
STI 


AX,OOOEDH 
OX,MASK 
INTR 
OX,AX 
- 


, 
MASK 
ALL 
BUT 
10 


,ENABLE 
INTERRUPTS 


PUSH 
BUFFER 
SIZE 
PUSH 
BUFFER 
SEGMENT 
REGISTER 
PUSH 
OFFSET 
OF 
BUFFER 
CALL 
CONFIGURE 


PUSH BUFFER SIZE 
PUSH 
BUFFER 
SEGMENT 
REGISTER 
PUSH 
OFFSET 
OF 
BUFFER 
CALL 
CONFIGURE 


PUSH 
BUFFER 
SIZE 
PUSH 
BUFFER 
SEGMENT 
REGISTER 
PUSH 
OFFSET 
OF 
BUFFER 
CALL 
COMMAND 


PUSH 
BUFFER 
SIZE 
PUSH 
BUFFER 
SEGMENT 
REGISTER 
I 
PUSH 
OFFSET 
OF 
BUFFER 
CALL 
COMMAND 


231784-20 
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:*** 
SEND 
CONFIURE 
COMMAND 


PUSH 
PUSH 
PUSH 
CALL 
ADD 


WORD 
PTR 
CON_BUFFER 
OS 
OFFSET 
CON 
BUFFER 
CONF 
COMMAND 
SP,3*2 


T WAIT 
FOR 
END 
OF 
COMMAND 


WAIT1: 


CMP 
CMND 
FLAG, 
TRUE 
JNE 
WAITI 
MOV 
CMND_FLAG, 
FALSE 
;**. 
SEND 
DUMP 
COMMAND 


PUSH 
PUSH 
PUSH 
CALL 
ADD 


WORD 
PTR 
DUM 
BUFFER 
OS 
- 


OFFSET 
DUM 
BUFFER 
DUMP 
COMMAND 
SP,3*2 


WAIT2: 


CMP 
CMND FLAG, TRUE 
JNE 
WAIT2 
MOV 
CMND_FLAG, 
FALSE 


;*** 
SEND 
TRANSMIT 
COMMAND 


PUSH 
PUSH 
PUSH 
CALL 
ADD 


WORD 
PTR 
TRA 
BUFFER 
DS 
- 


OFFSET 
TRA 
BUFFER 
XMIT 
COMMAND 
SP,3*2 


WAIT3: 


CMP 
CHND FLAG, TRUE 
JNE 
WAIT) 
MOV 
CMND_FLAG,FALSE 


;*** 
SEND 
RECEIVE 
COMMAND 


PUSH 
WORD 
PTR 
REC _BUFFER 
PUSH 
DS 
PUSH 
OFFSET 
REC 
BUFFER 
CALL 
RECV 
COMMAND 


ADD 
SP,3*2 


WAIT4: 
CMP 
CMND _FLAG, 
TRUE 
JNE 
WAIT4 
MOV 
CMND_FLAG,FALSE 


CODE 
ENDS 
END 
BEGIN 


Figure A·6. Example 
of Executing 
Commands 
(Continued) 
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$DEBUG NOMODS1 
$INCLUDE 
(REG44. 
PDF) 


LOCATIONS 
00 
THRU 26H 
ARE USED 
, 
BY INTERRUPT 
SERVICE 
ROUTINES. 
VECTOR ADDRESS 
FOR EXT INTO. 


, 
VECTOR ADDRESS 
FOR SERIAL 
INT 


; 
THE 
8044 
SOFTWARE DRIVER 
FOR THE 80186/8044 
INTERFACE. 


:•••••••••••• 
***.** ••• 
INITIALIZATION 
••••• 
_ •• t._._ ..... __._. 
_ 


ORG 
SJMP 
ORG 
JMP 
ORG 
JMP 


OOH 
IN IT 
OJH 
EINTO 
2JH 
SIINT 


EXT INTO: 
EDGE TRIGGER 
SI-EXO-1 
, 
CLEAR 
DRQ STATUS 
BIT 
ENABLE 
INTERRUPTS 
WAIT FOR AN INTERRUPT 
231784-22 


INIT: 
ORG 
MOV 
MOV 
CLR 
SETB 
SJMP 


26H 
TCON, 'OOOOOOOlB 
IE, 
,00010001B 
Plol 
EA 
DOT 


Figure A-7.lnltlallzatlon 
Routine 


;*_. __. 
._.. 
'11I'11I_'" 
'Ill-EXTERNAL 
EINTO: 
CLR 
Plo S 


• 
MOV 
DPTR, flOOH 
MOVX 
A,@DPTR 
ANL 
A, 'OOOOl1l1B 
MOV 
R2,A 


JNB 
JMP 
PXO,Jl 
CABO 


INTERRUPT 
0 
•••••••••••••••• 
_ ••• 
- 
CLEAR 
THE E BIT 
LOAD DATA POINTER 
WITH A DUMY NUMBER 
READ THE COMMANDBYTE. 
KEEP 
THE OPERATION 
FIELD 
SAVE COMMAND 


DECODE COMMANDAND JUMP 
TO THE APPROPRIATE 
ROUTINE 
COMMAND 
OPERATION 
(BITSO-J) 


ABORT 
OOH 
REC-DISABLE 
OlH 
TRA-DISABLE 
02H 
RECEIVE 
OJH 
TRANSMIT 
04H 
DUMP 
OSH 
CONFIGURE 
06H 
NOP 
07H 


J1: 
. 
A, 'OOH,J2 
CABO 


: 
IF 
INTO 
IS 
SET TO PRIORITY 
1, 
; THEN DKA OPERATION 
WAS IN 
PROGRESS. 
; 
EXECUTE 
ABORT 
REGARDLESS 
OF 
THE 
,COMMAND ISSUED. 
; 
EXECUTE 
ABORT 
; 
THIS 
LINE 
WILL 
BE EXECUTED 
IF 
ABORT WAS 
;ISSUED 
WHEN THE 8044 
IS 
NOT EXECUTING 
;ANY 
COMMANDS. 


, 
EXECUTE 
RECEIVE-DISCONNECT 


, 
EXECUTE 
TRANSMIT-DISCONNECT 


EXECUTE 
RECEIVE 


EXECUTE 
TRANSMIT 


, 
EXECUTE 
DUMP 


, 
EXECUTE 
CONFIGURE 


EXECUTE 
NOP 
RETURN. 
OPERATION" NOT RECOGNIZED. 
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CJNE 
JMP 


J2: 


JJ: 


J4: 


CJNE 
JMP 
CJNE 
JKP 
CJNE 
JMP 
CJNE 
JMP 
CJNE 
JMP 
CJNE 
JMP 
CJNE 
JMP 
RETI 


A, 'OlH,J3 
CRDIS 
A,'OB5H,J4 
CTDIS 
A, 'OJH,J5 
CREC 
A, '04H,J6 
CTRA 
A, '05H,J7 
CDUMP 
A,'06H,J8 
CCON 
A, '07H,J9 
CNOP 


J5: 


J6: 


J7: 


J8: 


J9: 


Figure A-S. External Interrupt 
Service 
Routine 
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CNOP: 


: ** 
NOP 
COMMAND 


CLR 
rsc 


: ** 
ABORT 
COMMAND 


RETI 


CABOJ2: 


CABOJ1: 


JNB 
PXO,CABOJl 
CLR 
PXO 
CLR 
PLl 


SETB 
PL2 
SETB 
PL3 
SETB 
PL4 


CLR 
rzo 
CLR 
Plo 0 
SETB 
PLO 
JB 
P3 .2, 
$ 


POP 
ACC 
POP 
ACC 
MOV 
B,IHIGH($+lO) 
MOV 
ACC,ILOW($+7) 
PUSH 
ACC 
PUSH 
B 
RETI 


NOP 
SETB 
PL5 


SETB 
PL2 
SETB 
PL3 
SETB 
PL4 


CLR 
rso 
CLR 
Pl.O 
SETB 
PLO 
JB 
P3.2, 
$ 
RETI 


IGNORE 
PENDING 
EXT INTO 
(IF 
ANY). 
ANY INTERRUPT 
(COHKNAD) 
DURING 
EXECUTION 
OF AN OPERATION 
IS 
IGNORED 
RETURN 


ORA WAS NOT IN 
PROGRESS 
SET 
THE E BIT 


: UPDATE STATUS WITH 
,ABORT-DONE 
EVENT 
(STATUS-FDH, 
E-l) 


IGNORE 
PENDING 
EXT INTO 
(IF 
ANY). 


SET 
INT 
BIT 
AND INTERRUPT 
80186 
I WAIT TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 
RETURN 
231764-24 


Figure A-9. Execution 
of NOP and ABORT Commands 


CCON: 


; ** 
CONFIGURE 
COKMNAD 


MQV 
DPTR, 
flOOH 
CLR 
rso 
SETB 
PXO 


CCONF4: 


CCONJ1: 


CCONF5: 


CCONJ2: 


CCONF6: 


CCONJ'3: 
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SETB 
PLl 
JB 
P3.3,$ 
MOVX 
A,@DPTR 
MCV 
RO,A 
DEC 
ac 
JB 
P3.3,$ 
MOVX 
A,@DPTR 
MCV 
RI,A 
JB 
P3.3,$ 
MCVX 
A/@DPI'R 
CJNE 
RI, 'OlH,CCONJl 
MOV 
STS,A 
INC 
Rl 
DJNZ 
RO, 
CCONF4 
JHP 
CCONTl 
JB 
P3.3,CCONF4 
MOVX 
A, @DPTR 
CJNE 
RI, '02H,CCONJ2 
MOV 
SHD,A 
INC 
Rl 
DJNZ 
RO, CCONF5 
JKP 
CCONTl 
JB 
P3.3,CCONF5 
MOVX 
A,@DPTR 
CJNE 
RI, '03H,CCONJ3 
MOV 
STAD,A 
INC 
Rl 
OJNZ 
RO, 
CCONF6 
JMP 
CCONTl 
JB 
P3.3,CCONF6 
MOVX 
A,@DPTR 
CJNE 
Rl,I04H,CCONJ4 


IGNORE 
PENDING 
EXT 
INTO 
(IF 
ANY) 
EXT INTO: 
PRIORITY 
1 
PXO IS 
SET 
TO ACCEPT 
ABORT 
DURING 
ORA OPERATION. 
ENABLE 
ORA REQUEST 
WAIT 
FOR 
OMA ACK. 
READ FROM COKKAN/DATA REGISTER 
LOAD BYTE COUNT 
DECREMENT BYTE COUNT 
WAIT 
FOR ORA ACK. 
READ FROM COKKAND/DATA REGISTER 
LOAD FIRST-BYTE 
WAIT 
FOR 
OMA ACK. 
READ FROM COKKAND/DATA REGISTER 
CHECK 
THE 
FIRST-BYTE 
UPDATE 
THE STS 
REGISTER 
INe. 
POINTER 
TO THE CONF. 
BLOCK 
CHECK 
THE 
BYTE 
COUNT 


Figure A-10. Execution 
of CONFIGURE 
Command 
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CCONFA: 
JB 
P3. 3, CCONFA 
MOVX 
A,@DPTR 
CCONJ7: 
CJNE 
Rl, t08H,CCONJ8 
MOV 
IP,A 
INC 
R1 
DJNZ 
RO,CCONFB 
JMP 
CCONT1 
CCONFB: 
JB 
P3. 3, CCONFB 
MOVX 
A,@DPTR 
CCONJ8: 
CJNE 
Rl, 
I09H, 
CCONJ'9 
MOV 
IE,A 
INC 
R1 
DJNZ 
RO,CCONFC 
JMp 
CCONT1 
CCOHFC: 
JB 
PJ • 3 , CCONFC 
MOVX 
A,@DPTR 
CCOHJ9: 
CJHE 
Rl, 
tOAH,CCONJA 
MOV 
TKOD,A 
IHC 
R1 
DJNZ 
RO,CCONFD 
JMp 
CCOHTl 
CCOHFD: 
JB 
P3 • J , CCONFO 
MOVX 
A,@DPTR 
CCOHJA: 
CJHE 
m,'OBH, CCONJB 
MOV 
TCON,A 
IHC 
Rl 
DJNZ 
RO,CCONPE 
JMP 
CCONT1 
CCOHFE: 
JB 
P3 
• 3 , CCONFE 
MOVX 
A,@DPTR 
CCONJB: 
CJHE 
tu, 'OCH, ERRORl 
MOV 
PSW,A 
IHC 
Rl 
DJHZ 
RO,ERRORl 
JMP 
CCONTl 


ERROR1: 
NOP 
SETB 
Pl.S 


CCONT1: 
NOP 
, 
CLR 
Pl.1 
CLR 
PXO 


SETB 
Pl.2 
CLR 
Plo 3 
CLR 
Pl.4 


CLR 
IEO 
CLR 
Pl.O 
SETB 
Pl.O 
JB 
P3.2,$ 
RETI 
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ILLEGAL 
BYTE COUNT 
SET 
THE 
E STATUS 
BIT 


CLEAR 
DIIA REQUEST 
EXT 
INTO: 
PRIORITY 
0 


: 
UPDATE 
STATUS 
WITH 
: CONFIGURE-DONE 
EVENT 
(STATUS-CSH 
IF 
E-O) 


IGNORE 
PENDING 
EXT 
INTO 
(IF 
ANY) 


INTERRUPT 
THE 80186 
; 
WAIT TILL 
INTERRUPT 
IS 
AC1<NOHLEDGED 
RETURN 


Figure A-10. Execution 
of CONFIGURE 
Command 
(Continued) 
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infel.. 
AP-286 


; • * 
DUMP 
COMMAND 


CDUMP: 
MOV 
A,STS 
MOVX 
@DPTR,A 
CLR 
IEO 
SETB 
PXO 
SET8 
Pl.l 


J8 
P3. 
3, $ 
MOV 
A,SMD 
MOVX 
@DPTR,A 
JB 
P3. 
3, 
$ 
MOV 
A,STAO 
MOVX 
@DPTR,A 
J8 
P3. 
3, 
$ 
MOV 
A,TBS 
MOVX 
@DPTR,A 
J8 
P3.3,$ 
MOV 
A,TBL 
MOVX 
@DPTR,A 
JB 
P3.3,$ 
MOV 
A,Tee 
MOVX 
@DPTR,A 
JB 
P3. 3, $ 
MOV 
A,RBS 
MOVX 
@DPTR,A 
J8 
P3.l/$ 
MOV 
A,RBL 
MOVX 
@DPTR,A 
JB 
P3. 
3, 
$ 
MOV 
x.aca 
MOVX 
@DPTR,A 
JB 
P3.3,$ 
MOV 
A,RFL 
MOVX 
@DPTR,A 
JB 
P3. 
3, $ 
MOV 
A,PSW 
MOVX 
@DPTR,A 
JB 
P3. 
3, $ 
MOV 
A,IP 


MOVX 
@DPTR,A 
JB 
P3. 3, $ 
MOV 
A,IE 
MOVX 
@DPTR,A 
JB 
P3. 
3, 
$ 
MOV 
A,THOe 
MOVX 
@DPTR,A 
J8 
P3. 3, $ 
MOV 
A,TeON 
MOVX 
@DPTR,A 
J8 
P3.3,$ 
CLR 
Pl.l 


CLR 
PXO 


SETB 
Pl.2 


SETB 
Plo 3 


CLR 
Pl.4 


CLR 
IEO 
CLR 
Pl.O 


SETB 
Pl.O 


J8 
P3. 
2, $ 
RETI 


LOAD 
THE 
FIRST 
DUMP 
REG 
INTO 
ACC 
WRITE 
TO 
THE 
COMMAND/DATA 
REGISTER 
IGNORE 
PENDING 
EXT 
INTO 
(IF 
ANY) 
INTRERRUPT 
0: 
PRIORITY 
1 
ENABLE 
DRA 
REQUEST 
WAIT 
FOR 
DRA 
ACK 
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DISABLE 
DRQ 
EXTERNAL 
INTO: 
PRIORITY 
0 


; 
UPDATE 
STATUS 
WITH 
; DUMP-DONE 
EVENT 
(STATUS-CDH) 


IGNORE 
PENDING 
EXT 
INTO 


INTERRUPT 
THE 80186 
WAIT 
TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 
RETURN 
231784-29 


Figure A-11. Execution 
of DUMP Command 
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CTRAJS: 
CLR 
CLR 
SETB 
SETB 
CLR 
RETI 


: ** 
RECEIVE 
COMMAND. 
CREC: 
JNB 
RBE,CRECJl 
SETB 
PLS 
CRECJ1: 
SETB 
RBE 
CLR 
RBP 
CLR 
IEO 
RETI 


: 
•• 
TRANSMIT 
CTRA: 
MOV 
CLR 
SETB 
SETB 
.JB 
MOVX 
MOV 
DEC 
DEC 
MOV 
CTRAJ2: 
.JB 
MOVX 
MOV 
DEC 
CTRAJ3: 
.JB 
MOVX 
MOV 
D.JNZ 
S.JMP 
CTRAJ4: 
.JB 
MOVX 
MOV 
INC 
D.JNZ 


COMMAND. 
Rl,TBS 
IEO 
PXO 
PL1 
P3.3, 
$ 
A,@DPTR 
ROtA 
A 
A 
TBL,A 
P3 • 3 , CTRAJ'2 
A,@DPTR 
STAD,A 
RO 
P3. 3, CTRAJ'3 
A,@DPTR 
TeS,A 
RO,CTRAJ4 
CTRAJS 
P3.J,CTRAJ4 
A,@DPTR 
@R1,A 
R1 
RO,CTRAJ'4 


PL1 
PXO 
TBF 
RTS 
IEO 


IS 
SIU 
ALREADY IN 
RECEIVE 
MODE? 
YES. 
SET 
THE E BIT 
NO. 
ENABLE RECEPTION 
CLEAR 
RECEIVE 
BUFFER 
PROTECT 
BIT 
IGNORE 
PENDING 
EXT 
INTO 
(IF 
ANY) 
RETURN. 
UPDATE 
STATUS 
IN 
THE 
SIU 
INTERRUPT 
ROUTINE. 


LOAD TRANSMIT 
BUFFER 
START 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
EXT INTO: 
PRIROITY 
1 
ENABLE 
DMA REQUEST 
WAIT 
FOR DMA ACK• 


READ FROM COMMAND/DATA REG. 
LOAD THE 
BYTE COUNT 
: 
SUBTRACT 
2 FROM THE BYTE 
: COUNT AND LOAD INTO 
XMIT 
LOAD BUFFER 
LENGTH 
WAIT 
FOR DMA ACK. 
READ FROM COMMAND/DATA REG. 
LOAD DESTINATION 
ADDRESS 
DECREMENT THE BYTE COUNT 
WAIT 
FOR DMA ACK. 
READ FROM COMMAND/DATA REG. 
LOAD THE TRANSMIT 
CONTROL BYTE 
IS 
THERE 
ANY INFO. 
BYTE? 
NO. 
YES. 
WAIT 
FOR DMA ACK. 
READ FROM COMMAND/DATA REG. 
MOVE DATA TO THE TRANSMIT 
BUFFER 
INC. 
POINTER 
TO BUFFER 
LAST 
BYTE FETCHED 
INTO 
THE 
BUFFER? 
NO. 
FETCH 
THE NEXT BYTE 
YES. 
DISABLE 
DMA REQUEST 
EXT INTO: 
PRIORITY 
0 
SET 
TRANSMIT 
BUFFER 
FULL 
ENABLE 
TRANSMISSION 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
I RETURN. 
UPDATE 
STATUS 
IN 
THE 
: SIU 
INTERRUPT 
ROUTINE 


, 


Figure A-12. Execution 
of RECEIVE 
and TRANSMIT 
Commands 
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CTDIS: 


; 
'* * 
TRANSMIT-DISCONNECT 
COMMAND 


CTDI.J1: 


.JB 
SETB 
CLR 
CLR 
RETI 


TBF,CTDIJl 
PLS 
TBF 
IEO 


IS 
TRANSMIT 
BUFFER 
ALREADY EMPTY? 
YES, 
SET THE E BIT 
NO. 
CLEAR TRANSMIT 
BUFFER 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
: 
RETURN. 
UPATE 
STATUS 
IN 
THE 
:SIU 
INTERRUPT 
ROUTINE. 


: 
•• 
RECEIVE-DISCONNECT 
COMMAND 


CRDIS: 
.JB 
RBE,CRDI.J1 
SETB 
zi ,S 
CRDI.J 1 : 
CLR 
RBE 


SETB 
CLR 
SETB 


PL2 
Plo 3 
PL4 


IS 
RECEIVE 
BUFFER 
ALREADY EMPTY? 
YES. 
SET 
THE E BIT 
NO. 
CLEAR RECEIVE 
BUFFER 


: 
UI'DATE 
STATUS 
WITH 
:RECEPTION-DISABLED 
EVENT 
: 
(STATUS-OS 
IF 
E-O) 


INTERRUPT 
THE 
80186 
WAIT TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 
RETURN 


Figure A-13. Execution 
of RECEIVE-DISCONNECT 
and TRANSMIT-DISCONNECT 
Commands 
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CLR 
CLR 
SETB 
.JB 
RETI 


IEO 
PLO 
PLO 
P3. 2, $ 
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,.*******,,** 
SERIAL 
CHANNEL (SIU) 
INTERRUP'l' ••••••••• 
_-_._-_ 
••• 


SIINT: 
CLR 
SI 
MOV 
A,R2 
CJNE 
A, t03H,SINTJl 
JMp 
SIREC 
SINTJ1: 
CJN! 
A, '02H,SINTJ2 
JMP 
SITDIS 
SINTJ2: 
JMP 
SITU 


, •• 
TRANSMISSION 
IS 
DISABLED 


SITDIS: 
JB 
RTS,SINTJ3 
JNB 
TBF,SINTJ3 


CLR 
Pl.2 
SETB 
Pl.3 
SETB 
Pl.4 


CLR 
IEO 
CLR 
PLO 
SETB 
Pl.O 
JB 
P3.2,$ 
RETI 
,,* A FRAME IS 
TRANSMITTED 


SITRA: 
JB 
RTS,SINTJ3 


CLR 
PL2 
SETB 
Plo 3 
SETB 
PL4 


CLR 
IEO 
CLR 
Pl.O 
SETB 
PLO 
JB 
P3.2,$ 
RETI 
I ** 
A FRAH! 
IS 
RECEIVED 


SIREC: 
JB 
RBE, SINTJ3 
JNB 
BOV,SINTJ4 
SETB 
PL5 
MOV 
RO,RFL 


MOV 
Rl,RBS 
CLR 
IEO 
SETB 
PXO 


MOV 
A,@Rl 
MOVX 
'DPTR,A 
SETB 
PLl 
INC 
Rl 
JB 
P3.3,$ 
OJNZ 
RO,CINTJ7 
SJMP 
CINTJ8 


MOV 
A,@Rl 
MOVX 
@DP'I'R,A 


INC 
Rl 
JB 
P3. 
3, $ 
OJNZ 
RO,CINTJ7 


MOV 
A,RFL 
MOVX 
'DPTR,A 
JB 
P3.3,$ 
MOV 
A,STAD 
MOVX 
@DPTR,A 
JB 
P3.3,$ 


MOV 
A,ReB 


MOVX 
fDPTR,A 


JB 
P3. 
3, $ 
CLR 
PLl 
CLR 
PXO 


LOAD THE OPERATION 
FIELD 
RECEIVE 
COMMANDPENDING? 
YES. 
TRANSMIT-DISCONNECT 
PENDING? 
YES. 
TRANSMIT 
COMMANDIS 
PENDING 


REQUEST 
TO SEND ENABLED? 
YES. 
TRANSMISSION 
DISABLED? 
YES. 


, 
UPDATE 
STATUS 
WITH 
,TRANSMISSION-DISABLED 
EVENT 
, 
(STATUS-D9H) 


, 
IGNORE 
PENDING 
EXT INTO 


INTERRUPT 
THE 
80186 
WAIT TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 


, 
A FRAME TRANSMITTED? 
, 
YES. 
, 
UPDATE 
STATUS 
WITH 
,TRANSMIT-DONE 
EVENT 
, 
(STATUS-C9). 


INTERRUPT 
THE 80186 
WAIT 
TILL 
INTERRUPT 
IS 
ACKNOWLEDGED 


RECEIVE 
BUFFER 
FULL? 
YES. 
BUFFER 
OVERRUN? 
YES. 
SET 
THE E BIT 
LOAD RO WITH RECEIVE 
BYTE COUNT 
LOAD Rl 
WITH RECEIVE 
BUFFER 
ADDRESS 
IGNORE 
PENDING 
EXT INTO 
(IF 
ANY) 
EXT 
INTO: 
PRIORITY 
1 


MOVE FIRST 
BYTE INTO 
ACC. 
, 
WRITE 
TO THE COMMAND/DATA REG 
ENABLE 
DMA REQUEST 
, 
INC 
POINTER 
TO RECEIVE 
BUFFER 
WAIT 
FOR DMA ACK. 
LAST 
BYTE MOVED? 
YES 


LOAD RECEIVED 
DATA INTO 
ACC. 
WRITE 
TO THE COMMAND/DATA REG. 
INC 
POINTER 
TO RECEIVE 
BUFFER 
WAIT TILL 
DMA ACK 
LAST 
BYTE MOVED TO COMMAND/DATA REG? 
, 
NO. 
DEPOSIT 
THE NEXT BYTE 
LOAD BYTE COUNT 
WRITE 
TO THE COMMAND/DATA REG 
WAIT 
FOR DMA ACK. 
LOAD STATION 
ADDRESS 
WRITE 
TO THE COMMAND/DATA REG 
WAIT 
FOR DMA ACK. 
LOAD RECEIVE 
CONTROL BYTE 
WRITE 
TO THE COMMAND/DATA REG 
WAIT 
FOR DMA ACK. 
CLEAR 
DMA REQUEST 
EXTERNAL 
INTERRUPT: 
PRIORITY 
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SINTJ4: 


CINTJ7 
: 


CINTJ8: 


Figure A·14. Serial Channel Interrupt 
Routine 
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The SOC1S6EA/SOC1SSEA is the second member of 
the SOC1S6modular core family. It retains the"stan- 
dard SOC1S6'sversatile DMA capabilities and adds two 
power management modes. The SOC1S6EAis well-suit- 
ed for a broad spectrum of embedded data control de- 
signs where power consumption 
is a concern. The 
SOC1S6EA is ideal for compact, portable designs, in- 
cluding those operated from batteries. 


1.0 
PURPOSE OF THIS 
APPLICATION NOTE 


This application note has two purposes. First, it high- 
lights the features and benefits of the SOClS6EA. Sec- 
ond, it shows how easy it is to upgrade an existing 
standard 
SOClS6 application to the new SOClS6EA. 


Upgrades require no software modification and little or 
no hardware modification in most cases. 


2.0 
THE 80C186EA/80C188EA 
DEBUTS 


The SOC1S6EAis a high integration embedded proces- 
sor belonging to the SOC1S6modular core family. It is 
100 percent code-compatible with the standard SOC1S6 
and includes the following standard SOC1S6integrated 
feature set: 


• 
16-Bit Execution Unit (EU) using familiar xS6 in- 
struction set and 1 Mbyte address space. 
• Bus Interface Unit (BIU) with a full complement of 
control signals and support for alternate bus mas- 
ters. 


• Timer/Counter 
Unit (TCU) with three programma- 
ble 16-bit timers and internal or external clocking 
options. 


• Refresh Control Unit (RCU) to simplify the inter- 
face to dynamic memory. 


• Chip-Select Unit (CSU) with up to 13 external pins 
to support memory and I/O devices, including pro- 
grammable wait states. 
• Interrupt Control Unit (ICU) which allows complex 
interrupt priority schemes. 


• Direct Memory Access Unit (DMU) with two chan- 
nels for efficient data transfers. 
• ONCETM high-impedance test mode. 


Intel offers the SOC1SSEAwith an S-bit wide data bus 
for economical product design. Intel also offers 3V (rat- 
ed 2.7V-5.5V) versions designated as the SOLlS6EA 
and the SOLlSSEA. With the emphasis on low power, 
3V operation and power management, Intel commands 
a leadership position with the SOCIS6EA family. 


With its SOC1S6heritage, the SOC1S6EAautomatically 
arrives with considerable hardware and software devel- 
opment tools already in place. 


3.0 
SIMILARITIES AND 
DIFFERENCES BETWEEN THE 
80C186EA AND THE STANDARD 
80C186 


The SOC1S6EA,with its SOC1S6modular core, is 100 
percent code-compatible to the original SOC1S6. The 
SOC1S6EA's Chip-Select, Refresh Control, 
Interrupt 
Control, Timer/Counter 
and DMA Units are identical 
to the original SOClS6, too. 


There are AC and DC specification differences. Before 
embarking on your design, obtain the latest specifica- 
tions from the following data sheets: 


SOC1S6EAData Sheet 
#272019 
SOC1SSEAData Sheet 
#272020 
SOLlS6EA Data Sheet 
#272021 
SOLlSSEA Data Sheet 
#272022 


To gain the most advantage from this application note, 
refer to the 80C186EA User's Manual (# 270950). This 
note highlights differences between the SOC1S6EAand 
the SOC1SSEAwhere applicable. 


3.1 
Program Execution 


All existing SOC1S6programs execute correctly on the 
SOC1S6EA without modification. All SOC1S6 control 
registers have the same offsets in the SOClS6EA Pe- 
ripheral Control Block. Although the register functions 
are identical, many register and bit names differ on the 
SOC1S6EAto conform to other SOC1S6modular core 
family members. 
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3.2 
Technology Comparison 
3.6 
Operating Modes 


The 80CI86EA design is based on the modular core 
implementation of the Intel 80C186. The modular core 
executes 
instructions 
with 
complete 
clock-to-clock 
compatibility to the original 80CI86 and is completely 
static. 


Intel manufactures 
the 80CI86EA 
using its I 
J.Lm 
CHMOS-IV process. The smaller topology and static 
design results in power savings of over a third relative 
to the original 80C186. The 80CI86EA has power man- 
agement features for additional power savings, but you 
do not have to use the advanced features if you are 
performing a simple upgrade and do not need them. 


3.3 
Available Speeds 


The 80CI86 modular core family uses faster transistor 
technology than the standard 80CI86, allowing Intel to 
offer faster speed selections. Intel markets the standard 
80CI86 at speeds of 10, 12.5 and 16 MHz. 80C186EA 
speeds currently are 12.5, 16 and 20 MHz, except the 
3V versions at 8 MHz. The 80CI86EA has no mini- 
mum frequency requirement. Its clock may stop and 
restart any time and the processor retains its state. 


3.4 
Available Packages 


The 80C186EA comes only in economical plastic pack- 
ages: a 68-lead Plastic Leaded Chip Carrier (PLCC) 
and an 80-lead EIAJ Quad Flat Pack (QFP). Except as 
discussed in Section 3.9.1, the PLCC 80C186EA pinout 
is equivalent to the standard 
80C186 PLCC pinout. 


The QFP (EIAJ) 80C186EA pinout differs somewhat 
from its standard 80C186 counterpart. 


The pinout of a socketed PLCC 80C186EA is equiva- 
lent to the pinout of a Pin Grid Array (PGA) standard 
80C186 and the pinout of a socketed ceramic Leadless 
Chip Carrier (LCC) standard 80C186. 


3.5 
Available Temperature Selections 


Intel offers the standard 80C186 with either commer- 
cial 
(0°C-70°C 
ambient) 
or 
extended 
(-40°C 
to 
+ 85°C ambient) temperature ratings. 80CI86EA oper- 
ation is specified for case temperatures, but the com- 
mercial and extended temperature 
ranges do exactly 
match the 0°C-70°C and -40°C 
to + 85°C ambient 


temperature ranges, respectively. 


The concept of operating mode is different between the 
80C186 and the 80C186EA. 


The standard 80CI86 leaves reset in either compatible 
mode or enhanced mode, depending on the TEST/ 
BUSY pin state. Compatible mode derived its name be- 
cause of its likeness to the NMOS 80186. The standard 
80CI86 requires enhanced mode operation for power- 
save mode, the refresh control unit and the 80CI87 
math coprocessor interface. Enhanced mode changes 
three Mid-range Chip Select (MCS) pins to handshak- 
ing pins for the math coprocessor. 


The 80CI86EA leaves reset with either numerics mode 
or regular operation. The TEST/BUSY 
pin must be 


high on the rising edge of Reset Input (RESIN) and 
low four clocks later to enable numerics mode. Numer- 
ics mode changes the three MCS pins to 80CI87 hand- 
shaking pins. Power-save mode and the refresh control 
unit are always available on the 80C186EA. 


An 80CI86EA 
placed into an unmodified standard 


80CI86 design responds correctly, whether the original 
configuration was compatible or enhanced. All execu- 
tion proceeds identically on a clock-for-clock basis. The 
processor activates new power management features 
only if the user programs them. 


The 80C188EA, like the 80CI88, does not have an in- 
terface for the 80C187. If an existing design configured 
the 80C188 for enhanced mode, the 80CI88EA 
re- 


sponds with regular operatio~. 


Queue status and ONCE modes are identical between 
the standard 80CI86 and the 80C186EA. 


3.7 
Modular Core and Peripherals 


The 80CI86EA execution and bus interface units are 
lOOpercent compatible with the standard 80CI86 on a 
clock-for-clock basis. The TCU, 
RCU, 
CSU, ICU, 


DMU and clock generator (with power-save mode) are 
also identical to their standard 80C186 counterparts. 


Although the programming and operation of these pe- 
ripherals is 100 percent compatible, some of the register 
and bit names changed in the data sheets and User's 
Manual to conform to other modular core products. 
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3.8.2 
POWER DOWN 
MODE 
3.8 
Power Management 


The 8OCl86EA has three power management modes: 
idle, powerdown and power-save. Power-save mode is a 
clock generation function, while idle and powerdown 
modes are clock distribution 
functions. 
Power-save 
mode is identical to the standard 80Cl86 but power- 
down and idle are new features. 


3.8.1 
IDLE MODE 


During idle mode operation the clock signal goes only 
to the integrated peripheral devices, so the peripherals 
operate normally. The clocks to the modular core (exe- 
cution and bus interface units) freeze in a logic low 
state, so execution stops. ClfKOUT continues to toggle. 
Idle mode reduces current draw about a third, depend- 
ing on the activity in the peripheral units. 


Setting the IDLE bit in the power control register arms 
idle mode. The processor actually enters idle mode 
when it executes a HLT (halt) instruction. DMA re- 
quests, DRAM refresh requests and HOLD requests 
temporarily turn on the core clocks. DMA and DRAM 
refresh cycles running under idle mode are no ditTerent 
from other DMA and DRAM refresh cycles. After the 
bus activity ends, the core clocks again turn otT. 


The core clocks also turn on temporarily 
to issue 
HLDA (hold acknowledge) in response to a HOLD 
request. After the external bus master finishes using the 
bus and 
deasserts 
HOLD, 
the processor 
deasserts 
HLDA and again turns otT the core clocks. Refresh 
requests occurring during bus hold force the BIU to 
deassert HLDA to regain control of the bus for the 
refresh cycle. 
. 


There are three ways to exit idle mode: unmasked inter- 
rupt, non-maskable interrupt (NMI) or reset. The proc- 
essor does not retain any information after reset, so the 
user must reprogram the power control register and 
reexecute HLT to resume idle mode operation. 


After the processor executes the IRET (interrupt return 
instruction) in the interrupt service routine, the instruc- 
tion pointer points to the instruction 
following the 
HLT instruction. Interrupt execution does not clear the 
power control register, so the processor can resume idle 
mode operation by executing another HLT instruction. 


Powerdown mode freezes the clocks to the entire device 
(core and peripherals), disables the crystal oscillator 
and stops CLKOUT. All internal units (registers, sta~e 
machines, etc.) maintain their state as long as VCC IS 
applied. The BIU cannot run DMA or DRAM refresh 
cycles nor honor HOLD requests in powerdown. mo~e 
because the clocks are otT. Current 
consumption 
In 
powerdown mode consists of just transistor 
leakage, 
typically less than 100 J.1A. 


The procedure for entering powerdown is similar to the 
procedure for idle mode. Setting the PWRDN bit in the 
power control register arms powerdown 
mode. All 
clocks stop immediately upon execution of the HLT 
instruction. 


The 8OCl86EA exits powerdown mode via an NMI or 
a reset. Unless an external oscillator feeds the CLKIN 
input, the circuit must allow some time for the crystal 
oscillator to restart. 


For a reset, follow the usual procedure f~werup 
(cold) reset. A simple RC network at the RESIN input 
pin fulfills this requirement. 


For an NMI, an external Powerdown Timer (PDTMR) 
pin provides the timing delay. First, determine 
the 
startup time for your exact circuit over its full operat- 
ing range using a storage oscilloscope. Be careful to 
compensate for scope loading. Then multiply the start- 
up time by the constant CPD, given in the 80Cl86EA 
data sheet, to obtain a capacitance value. With typical 
oscillator startup on the order of a couple of millisec- 
onds, the PDTMR 
capacitor value will be less than 
I J.1F. After the processor executes the lRET In the 
NMI routine, the instruction pointer points to the in- 
struction 
following the 
HLT. 
Remember 
that 
the 
PWRDN bit in the power control register remains set 
and that the processor can re-enter powerdown via 
HLT. 


Driving the CLKIN input with a continuous external 
frequency source presents a special case. The processor 
doesn't need to wait for a crystal to start vibrating, so 
leave the PDTMR 
pin unconnected. The 80Cl86EA 
can exit powerdown mode without a timing delay. 
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might be considerable. Concurrent power management 
(entering power-save mode and entering idle mode) is 
an attractive option because the power reductions mul- 
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3.9 
Pin Compatibility 
bility depends on the package being used. Table I lists 
all pin names and 
their 
numbers. 
highlighting 
all 
changes. Functional differences noted for the 80CI88 
also apply to the 80C188EA. 
The functionality of the 80CI86EA is directly compati- 
ble to the standard 80C186. The degree of pin compati- 


Table 
1. 80C186 to 80C186EA 
Pin Comparison 
Chart 


Standard 
Standard 
C186EA 
Standard 
C186EA 
80C186 
80C186EA 
C186 
68-Lead 
C186 
80-Lead 
Notes 
Name 
68-Lead 
80-Lead 
Name 
Package 
Package 
Package 
Package 


ADO 
ADO 
17 
17 
64 
64 


AD1 
AD1 
15 
15 
66 
66 


AD2 
AD2 
13 
13 
68 
68 


AD3 
AD3 
11 
11 
70 
70 


AD4 
AD4 
8 
8 
74 
74 


AD5 
AD5 
6 
6 
76 
76 


AD6 
AD6 
4 
4 
78 
78 


AD7 
AD7 
2 
2 
80 
80 


AD8 
AD8 
16 
16 
65 
65 
A8 (C188) 


AD9 
AD9 
14 
14 
67 
67 
A9 (C188) 


AD10 
AD10 
12 
12 
69 
69 
A10 (C188) 


AD11 
AD11 
10 
10 
71 
71 
A11 (C188) 


AD12 
AD12 
7 
7 
75 
75 
A12 (C188) 


AD13 
AD13 
5 
5 
77 
77 
A13(C188) 


AD14 
AD14 
3 
3 
79 
79 
A14 (C188) 


AD15 
AD15 
1 
1 
1 
1 
A15 (C188) 


A16 
A16 
68 
68 
3 
3 


A17 
A17 
67 
67 
4 
4 


A18 
A18 
66 
66 
5 
5 


A19/S6 
A19/S6 
65 
65 
6 
6 


ALE/QSO 
ALE/QSO 
61 
61 
10 
10 


SHE 
SHE 
64 
64 
7 
7 
RFSH (C188) 


SO 
SO 
52 
52 
23 
23 


S1 
S1 
53 
53 
22 
22 


S2 
S2 
54 
54 
21 
21 


RD/QSMD 
RD/QSMD 
62 
62 
9 
9 


WR/QS1 
WR/QS1 
63 
63 
8 
8 


ARDY 
ARDY 
55 
55 
20 
20 


SRDY 
SRDY 
49 
49 
27 
27 
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Table 
1. 80C186 
to 80C186EA 
Pin Comparison 
Chart (Continued) 


Standard 
Standard 
C186EA 
Standard 
C186EA 
80C186EA 
C186 
C186 
80C186 
Name 
,68·Lead 
68-Lead 
80-Lead 
80-Lead 
Notes 
Name 
Package 
Package 
Package 
Package 


DEN 
DEN 
39 
39 
38 
39 


DT/R 
DT/R 
40 
- 
37 
37 
SeePDTMR 


LOCK 
LOCK 
48 
48 
28 
28 


HOLD 
HOLD 
50 
50 
26 
26 


HLDA 
HLDA 
51 
51 
25 
25 


RES 
RESIN 
24 
24 
55 
55 
Name Change 


RESET 
RESOUT 
57 
57 
1'8 
18 
Name Change 


X1 
CLKIN 
59 
59 
16 
16 
Name Change 


X2 
OSCOUT 
58 
58 
17 
17 
Name Change 


CLKOUT 
CLKOUT 
56 
56 
19 
19 


TEST/BUSY 
TEST/BUSY 
47 
47 
29 
29 
TEST (C188) 
- 
PDTMR 
- 
40 
- 
38 
See DT/R 


NMI 
NMI 
46 
46 
30 
30 


INTO 
INTO 
45 
45 
31 
31 


INT1 
INT1/SELECT 
44 
44 
32 
32 
Name Change 


INT2/INTAO 
INT2/INTAO 
42 
42 
35 
35 


INT3/INTA1 
INT3/INTA 
1/IRO 
41 
41 
36 
36 
Name Change 


UCS 
UCS 
34 
34 
45 
45 


LCS 
LCS 
33 
33 
46 
46 


MCSO/PEREO 
MCSO/PEREO 
38 
38 
39 
40 
MCSO (C188) 


MCS1/ERROR 
MCS1/ERROR 
37 
37 
40 
41 
MCS1 (C188) 


MCS2 
MCS2 
36 
36 
41 
42 


MCS3/NPS 
MCS3INCS 
35 
35 
42 
43 
Name Change 
MCS3 (C188) 


PCSO 
PCSO 
25 
25 
54 
54 


PCS1 
PCS1 
27 
27 
52 
52 


PCS2 
PCS2 
28 
28 
51 
51 


PCS3 
PCS3 
29 
29 
50 
50 


PCS4 
PCS4 
30 
30 
49 
49 


PCS5/A1 
PCS5/A1 
31 
31 
48 
48 


PCS6/A2 
PCS6/A2 
32 
32 
47 
47 


TMROUTO 
TOOUT 
22 
22 
57 
57 
Name Change 


TMR INO 
TOIN 
20 
20 
59 
59 
Name Change 


TMROUT 1 
T10UT 
23 
23 
56 
56 
Name Change 


TMR IN 1 
T11N 
21 
21 
58 
58 
Name Change 
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Table 1. 80C186 to 80C186EA 
Pin Comparison 
Chart (Continued) 


Standard 
C186EA 
Standard 
C186EA 
Standard 
80C186EA 
C186 
C186 
80C186 
68-Lead 
8o-Lead 
Notes 


Name 
Name 
68-Lead 
Package 
80-Lead 
Package 
Package 
Package 


OROO 
OROO 
18 
18 
61 
61 


OR01 
OR01 
19 
19 
60 
60 


Vss 
Vss 
26,60 
26,60 
12,13,53 
12,13,24, 
53,62 


Vcc 
Vcc 
9,43 
9,43 
33,34, 
2,33,34, 
72,73 
44,72,73 


NO CONNECT 
NO CONNECT 
- 
- 
2,11,14, 
11,14, 
15,24,43, 
15,63 
44,62,63 


3.9.1 
68-LEAD 
PLASTIC 
LEADED 
CHIP 
CARRIER 
(PLCC) 


Upgrades to existing 8OCl86 PLCC designs may not 
require a new layout. The only PLCC pin differenceJs 
lead '*'40, which is the Data Transmit/Receive (DT/R) 
lead on the standard 80Cl86 and the PDTMR lead on 
the 80C186EA. If the original design does not use 
DT/R to control the data direction in bus transceivers, 
no layout changes are needed. If you wish to use the 
8OCl86EA powerdown mode, you must connect a ca- 
pacitor at PDTMR to time the processor's exit from 
powerdown mode (unlessyou also use an external oscil- 
lator). 


If DT/R is needed, reconstruct it by latching status 
signal SI with a transparent latch gated by Address 
Latch Enable (ALE). The timing difference between 
the processor's DT/R (if it were available)and synthe- 
sized DT/R equals the propagation delay through the 
latch, since DT/R:, bus cycle status (S2:0)and ALE all 
change state at the falling edge of T4. 


3.9.2 
80-LEAD 
QUAD 
FLAT PACK (QFP-EIAJ) 


The 8OCl86EA fine pitch QFP package does provide 
the DT/R signal. The 80Cl86EA has four more power 
and ground pins than the standard 80Cl86 and several 
pin functions changed position. You must use a new 
board layout for the 8OCl86EA QFP package. 


3.10 
DC Compatibility 


Intel manufactures both the standard 8OCl86 and the 
8OCl86EA in CMOS logic. However, the standard 
8OCl86 
has 
TIL-compatible 
inputs 
while 
the 
8OCl86EAhas CMOS-compatibleinputs. TIL logic in 
existing 8OCl86designs must change to CMOS logic if •• 
the outputs drive the 80C186EA. For all-CMOS cir- 
A 
cuits, use devices such as those from the HC and AC 
logic families.Corresponding members of the HCT and 
ACT families have TIL-compatible inputs. Pullup re- 
sistors are inconsistent with choosing the 8OCl86EA 
for low power because of added current draw. 


CMOS-levelinputs have several advantages. The main 
advantage is improved noise margin. The standard 
8OCl86has a VOHminimum of2.4V and a VIH mini- 
mum of 0.2 Ycc + 0.9V, for a noise margin of 0.5V 
(with 5V operation). The 8OCl86EA has a VOJ.{mini- 
mum ofVcc 
- 0.5V and a VIH minimum of 0.7 Vco 
for a noise margin of l.OV(with 5V operation). 


The standard 80Cl86 data sheet referencesAC timings 
to l.5V (the TIL switchpoint). The 8OCl86EA data 
sheet references AC timings to Vccl2 (the CMOS 
switchpoint). 
Reducing 
the 
operating 
voltage 
(80LI86EA/80Ll88EA) 
directly scales the specified 
reference point. 


The Ycc tolerance of the 16 MHz standard 80Cl86 
was 
±5%. 
The VCC tolerance of the 
16 MHz 
8OCl86EA improved to ± 10%. 
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3.11 
AC Compatibility 
family members. Table 2 lists all standard 8OC186 AC 
timing mnemonics and their 8OC186EA equivalents. 


Intel specifies 8OC186EA AC timings in a simplified 
format consistent with other 80C186 modular 
core 


Standard 
8OC186 
Parameter 
Equivalent 
8OC186EA 
ACTlmlng 
AC Timing Mnemonic 
Mnemonic 


TOVCl 
Data in Setup (AID) 
TClIS 


TClOX 
Data in Hold (AID) 
TClIH 


TCHSV 
Status Active Delay 
TCHOV1 


TCLSH 
Status Inactive Delay 
TCLOV2 


TCLAV 
Address Valid Delay 
TClOV1 (A19:16, DEN), TCLOV2(AD15:0) 


TCLAX 
Address Hold 
TClOV1 (A19:16), TCLOV2(AD15:0) 


TClOV 
Data Valid Delay 
TCLOV1(A19:16), TClOV2 (AD15:0) 


TCHOX 
Status Hold Time 
Eliminated 


TCHLH 
ALE Active Delay 
TCHOV1 


TLHLL 
ALE Width 
TLHLL 


TCHll 
ALE Inactive Delay 
TCHOV1 


TAVlL 
Address Valid to ALE Low 
TAVLl 


TLLAX 
Address Hold from ALE Inactive 
TLLAX 


TAVCH 
Address Valid to Clock High 
Eliminated 


TCLAZ 
Address Float Delay 
TCLOF 


TClCSV 
Chip-Select Active Delay 
TClOV2 


Tcxcsx 
Chip-Select Hold from Command 
TRHPH(AD), TWHPH(WA) 


Inactive 


TCHCSX 
Chip-Select Inactive Delay 
TCHOV2 


TOXOl 
DEN Inactive to DT/A Low 
TOXOL 


TcVCTV 
Control Active Delay 1 
TCHOV1(DEN), TCLOV2(WA, INTA) 


TCVOEX 
DEN Inactive Delay 
TClOV1 


TCHCTV 
Control Active Delay 2 
TCHOV1 


TCLLV 
LOCK Valid/Invalid 
Delay 
TCLOV1 


TAZRL 
Address Float to Aead Active 
TAFRl 


TClRl 
AD Active Delay 
TCLOV2 


TRlRH 
AD Pulse Width 
TRLRH 


TCLRH 
AD Inactive Delay 
TCLOV2 


TRHLH 
AD Inactive to ALE High 
TRHLH 


TRHAV 
AD Inactive to Address Active 
TRHAV 


TCLOOX 
Data Hold Time 
TCLOV2 


TCVCTX 
Control Inactive Delay 
TCLOV2(WA, INTA), TCHOV1(DEN) 


Table 2. 80C186 to 80C186EA 
AC Timing Mnemonic 
Comparison 
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Table 2. 80C186 to 80C186EA 
AC Timing Mnemonic 
Comparison 
(Continued) 


Standard 
80C186 
Parameter 
Equivalent 
80C186EA 
ACTiming 
AC Timing 
Mnemonic 
Mnemonic 


TWLWH 
WR Pulse Width 
TWLWH 


TWHLH 
WR Inactive to ALE High 
TWHLH 


TWHDX 
Data Hold after WR 
TWHDX 


TWHDEX 
WR Inactive to DEN Inactive 
TWHDEX 


TCKIN 
CLKIN Period 
Tc 


TCLCK 
CLKIN Low Time 
TCL 


TCHCK 
CLKIN High Time 
TCH 


TCKHL 
CLKIN Fail Time 
TCF 


TCKLH 
CLKIN Ris'e Time 
TCR 


Tcico 
CLKIN to CLKOUT 
Skew 
TCD 


TCLCL 
CLKOUT 
Period 
T 


TCLCH 
CLKOUT 
Low Time 
TpL 


TCHCL 
CLKOUT 
High Time 
TpH 


TCH1CH2 
CLKOUT 
Rise Time 
TpR 


TCL2CL1 
CLKOUT 
Fail Time 
TpF 


TSRYCL 
Synchronous 
Ready (SRDY) 
TCLlS 
Transition 
Setup Time 


TCLSRY 
SRDY Transition 
Hold Time 
TCLlH 


TARYCH 
ARDY Resolution 
Transition 
TCHIH 
Setup Time 


TCLARX 
ARDY Active Hold Time 
TCLlH 


TARYCHL 
ARDY inactive 
Holding Time 
TCHIH 


TARYLCL 
Asynchronous 
Ready (ARDY) 
TCLls 
Setup Time 


TINVCH 
INTx, NMI, TEST /SUSY, 
TMR IN 
TCHIH 
Setup Time 


TINVCL 
DRQO, DRQ1 Setup Time 
TCLlH 


TCLTMV 
Timer Output Delay 
TCLOV1 


TCHQSV 
Queue Status Delay 
Eliminated 


TRESIN 
RES Setup 
TCLlS 


THVCL 
HOLD Setup 
TCLlS 


TCLRO 
Reset Delay 
TCLOV1 


TCLHAV 
HLDA Valid Delay 
TCLOV1 


TCHCZ 
Command 
Lines Float Delay 
TCHOF 


TCHCV 
Command 
Lines Valid Delay 
TCHOV1 (A19:16, 
SHE, DT/R, 
S2:0, 
(after Float) 
LOCK), TCHOV2 (RD, WR) 
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4.2 
Memory Speed Requirements 
Since the 80Cl86EA can run faster than the standard 
80Cl86, compare data sheet specifications carefully be- 
fore using the 80Cl86EA in your design. Please note 
DATA SHEET SPECIFICATIONS 
ARE SUBJECT 
TO CHANGE. 
If timing margins appear very tight in 
your new 80Cl86EA 
design, be sure to consider the 
difference in reference points for AC timings as well as 
the timing values. 


80C186EA input specifications generally show equiva- 
lent or better setup and hold timings. 80Cl86EA out- 
put specifications generally show equivalent or better 
maximum timings. However, several minimum tim~ 
for signals such as Byte High Enable (BHE) and S2:0 
are 3 ns for the 80Cl86EA but 5 ns for the standard 
80C186. This difference might cause a problem if your 
application 
has synchronous 
(clocked) logic derived 
from 80C186 control signals. See Section 4.4 for more 
information on "glue logic" for the 80C186EA. 


4.0 
SYSTEM 
DESIGN 
CONSIDERATIONS 


Microprocessor-based 
hardware falls into four broad 
categories: CPU, memory, peripheral logic and miscel- 
laneous control logic. This section contains information 
applicable to each portion of your 80Cl86EA design. 
This section may be particularly helpful if you are con- 
sidering 
a speed upgrade 
to an existing standard 
80C186 design. 


4.1 
Designing for High-Speed 
CPUs 


High-speed 
design 
techniques 
are 
vital 
for 
all 
80~186EA 
circuits. Anticipate 
significant switching 
noise on Ycc 
and Vss. To reduce the impedance in 
power and ground connections, use a circuit board with 
power and ground planes and avoid sockets. Use a by- 
pass capacitor for every logic device package and at 
least four for the 80C186EA. 


Pay careful attention to board layout. Minimize trace 
lengths for clocks, buses and other high-frequency sig- 
nals and terminate long bus lines wherever practical. 


At 20 MHz, you may find that more memory devices 
and peripherals have trouble floating the data bus fast 
enough after a read operation. Compare the 80Cl86EA 
TRHAV specification with the output float time given 
for the memory or peripheral. If the memory or periph- 
eral cannot meet the timing requirement, you need to 
place it on a buffered bus to prevent contention. 


The following sections show access time requirements 
for various memory types. Note that 8 MHz calcula- 
tions use 80L186EA timings and 10 MHz calculations 
use 8OC186EAI2 timings. 


4.2.1 
EPROM, 
FLASH 
MEMORY 
AND SRAM 
DEVICES 


Access time from address 
valid to data 
valid for 
EPROM, flash memory and SRAMs is calculated as 
3' T - TCLOV2- TpD - TCLlS' T is the CLKOUT 
period, TCLOV2is the maximum 80C186EA address 
output delay, TpD is the maximum propagation delay 
through an address latch, and TCLlS is the data setup 
time to the falling edge of T4 in an 80Cl86EA 
read 
cycle. Table 3 lists commonly available component ac- 
cess times which satisfy the timing requirements with at 
least a small amount of timing margin. At high fre- 
quencies, you may need faster memory than shown in 
the table to satisfy bus float time (TRHAV) require- 
ments. 


-, 


Table 3. 80C186EA 
Access Time Requirements 
for EPROMs 
Flash Memory 
and SRAMs 
, 


Speed 
EPROM, SRAM, Flash 
@ 


(MHz) 
Access Time 
Wait States 


8 
250 
0 


10 
250 
1 
200 
0 


12.5 
200 
1 
170 
0 


16 
170 
1 
120 
0 


20 
120 
1 
85 
0 


4.2.2 
DRAM 
DEVICES 


DRAMs have numerous critical timing parameters, so 
one computes DRAM speeds differently. The key pa- 
rameters to consider are the DRAM's row access time 
and cycle time. Cycle time relates directly to the mini- 
mum length of a processor bus cycle. The timing analy- 
sis must also consider delays introduced by the DRAM 
controller, a necessary circuit for any DRAM memory 
system. 
. 
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The DRAM control timing relationships shown in Fig- 
ure I are well-provencompromises between DRAM re- 
quirements and the 8OCl86 Modular Core's four-state 
bus cycle. The DRAM controller generates Row Ad- 
dress Strobe (RAS) approximately on the falling edge 
of Tj. Access time from RAS is calculated as 2 • T - 
TpD - 
TCLls. T is the CLKOUT period, T~ 
the 
propagation delay from falling CLKOUT to RAS ac- 
tive due to the DRAM controller, and TCLlS is the 
data setup time to the falling edge of Ta, If the DRAM 
controller cannot meet specifications for the RAS to 
CAS (Column Address Strobe) delay or the RAS to 
column address delay, you can compute access time 
differently. Table 4 lists common component access 
times which satisfy the timing requirements with at 
least a small amount of timing margin. At high fre- 
quencies, you may need faster DRAMs than shown in 
the table to satisfy bus float time requirements. Section 
4.4.2 and Appendix A discuss using DRAMs in more 
detail. 


Table 4. 80C186EA 
Access Time 
Requirements 
for DRAMs 


Speed 
DRAM 
@ 


(MHz) 
Access Time 
Wait States 


8-10 
150 
0 


12.5 
150 
1 
120 
0 


16 
150 
1 
80 
0 


20 
120 
1 
70 
0 


CLKOUT 


WUXED 
ADDRESS 


NOTES: 
1. CAS is unnecessary 
for refresh 
cycles 
only. 
2. WE is necessary 
for write cycles 
only. 


T1 
T3/TW 
•• 


T2 
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Figure 1. Suggested 
DRAM Control 
Signal Timing Relationships 
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.•..• 
Miscellaneous 
Control Logic 


This broad category includes all the "glue logic" neces- 
sary to make the rest of the system work, including 
such circuits as: 


• DRAM Controllers 
• Controllers for pseudo-static RAMs and dual-port- 
ed memory 
• Wait State Generators (extra chip-selects, too) 
• Bus Control Signal Decoders 
• DMA Acknowledge Generators 
• Bus Arbiters 
• Peripheral Interfaces 
• Control and Diagnostic Registers 


In some cases, this logic must synthesize signals not 
directly provided by the processor to "glue on" periph- 
erals. In other cases, this circuitry must overcome tim- 
ing mismatches or errata. Some of these logic subsys- 
tems must synchronously track the operation of the 
80Cl86EA and its control signals. With higher CPU 
speeds 
and 
shorter 
minimum 
AC 
timings, 
the 
80Cl86EA may require faster logic for bus tracking 
than its standard 80C186 predecessor. 


lSUCllSoEB 
and the 80C186EC have an imp~;;~;d·~hi;~ 
select unit which overcomes such limitations.) 


Figure 2 is an 80C186EA bus cycle with five wait 
states. You can build a synchronous wait state genera- 
tor using a programmable logic device (PLD) clocked 
by the CPU's CLKOUT. The circuit samples ALE and 
a programmed chip-select pin. At the rising edge of T2, 
the wait state generator drives the SRDY input low. 
The processor samples SRDY low at the falling edge of 
T3 and each falling CLKOUT edge during the wait 
states. When the wait state generator counts up to the 
fourth wait state, it drives SRDY high on rising clock. 
After the 80Cl86EA samples SRDY high, it runs the 
fifth wait state before continuing with T4. 


There are several timings to check carefully for this 
wait state controller. The PLD flip-flops must need a 
hold time less than 3 ns because that is the minimum 
value for the 80Cl86EA's ALE valid (TCHOV1)and 
chip-select valid (TCHOV2)specifications. The PLD 
must also be fast enough so that 
the minimum 
CLKOUT High Time (TpW minus the maximum PLD 
Clock to Output Valid Time (Tco) is greater than the 
minimum SRDY setup time (TCLlS). 
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4.4.2 DRAM CONTROL 


Figure 2. 80C186EA Bus Cycles with Five Wait States 
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All members of the 8OCl86 modular core family con- 
tain a refresh control unit. A complete DRAM control- 
ler requires additional circuitry outside the processor 
even in the simplest configurations. 


There are four basic functions which a DRAM control- 
ler must provide: 
• Map 
80Cl86EA-generated 
addresses 
into 
the 
DRAM address pins. 
• Translate 
processor control 
signals into DRAM 
control signals. 


• Refresh the DRAMs at regular intervals. 
• Overcome loading and transmission line effects. 


Turn back to Figure I and examine the DRAM bus 
cycle. A general DRAM cycle has six phases: 
I. First, the controller supplies a row address to the 
DRAM (meeting setup and hold times). 
2. Next, the controller asserts RAS, which latches the 
row address inside the DRAMs. 


3. Then the controller supplies a column address to the 
4 


DRAMs (meeting setup and hold times). Row and 
column 
addresses are multiplexed 
on the same 


DRAM pins to minimize the pin count. 


4. The controller asserts a CAS, which latches the col- 


umn address inside the DRAMs. 


5. Data is written to the DRAM if Write Enable (WE) 
is asserted. Otherwise, the DRAM drives data on 
the bus for a read operation. 
6. After the strobes go inactive, the controller must 


provide a recovery interval (RAS precharge) before 
the next cycle. 


In the simplest DRAM refresh scheme, the controller 
provides only row addresses and RAS to perform 
DRAM refresh on a row-by-row basis. Appendix A 
describes an 80CI86EA DRAM controller in detail. 


4.4.3 82C59A INTERFACE 


A popular peripheral for the 80C186EA is the 82C59A 
programmable interrupt controller. Unfortunately, the 
speed selections of the 82C59A have not kept up with 
the increasing speed capability of the 80CI86 family. 
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For the 8OCl86 family, find the fastest 82C59A you 
can. At least one vendor manufactures a "10 MHz" 
version which avoids frustrating Interface problems. 
The 82C59A is not a clocked device; "10 MHz" refers 
to a microprocessor speed to which it is matched. The 
following 
recommendations 
are 
based 
on using 
a 
"10 MHz" 82C59A device with a 16 MHz or 20 MHz 
8OC186EA. 


Read access time for the 82C59A is calculated as 3 • 
T - TCLOV2- TpD - TCLls. The 8OC186EA's min- 
imum read, write and interrupt acknowledge (INT A) 
pulse width is (2 • T) - 
5. Bus accesses to the 82C59A 


must have at least one wait state. The wait state gives 
the 82C59A longer to return data to the 8OCl86EA 
and it ensures the widths of the RD, WR and INTA 
strobes are wide enough for the 82C59A. Program a 
peripheral 
chip-select to provide wait states during 
82C59A read and write cycles. Wait states for 82C59A 
INT A cycles require an external wait state generator 
(see Figure 3) because programmable chip-selects do 
not apply to INT A cycles. 


Figure 4 shows 8OCl86EA Cascade Mode INT A cycles 
with wait state control furnished by the 74AC109 J-I( 
Flip-Flop circuit of Figure 3. Inverted ALE asynchro- 
nously sets the flip-flop on every bus cycle, driving the 
Q output to a logic O. The Q output connects to the 
processor's SRDY pin. At the rising edge of T2' the J 
input from INT A is a logic 0 and the I( input from 


DEN is a logic I, so the flip-flop state does not change. 
The CPU asserts DEN upon rising T2. On the falling 
edge of T3, the 8OC186EA recognizes SRDY as low 
and prepares to insert one wait state. At the rising edge 
of T3, both inputs. to the flip-flop are low, clearing the 
flip-flop. At the falling edge of Tw, the processor recog- 
nizes SRDY as high and prepares to terminate the bus 
cycle. 


ALE 


80C186EA 
SRDY 
PIN 


INTA----4 
Q 


CLKOUT----0 


DEN---~K 
Cl 
74AC109 
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Figure 3. Wait State Generator 
for 82C59A 


Interface 
(1 Wait State) 


This simple circuit drives the SRDY input signal to 
logic 0 on non-INTA cycles. Provide bus ready for oth- 
er bus cycle types through chip-select programming or 
the ARDY pin. Also note that the timing margin for 
the SRDY setup time TCLlS disappears as the proces- 
sor speed approaches 20 MHz. 
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Figure 4. 80C186EA 
Cascade 
Mode INTA Cycles with One Wait State 
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Lock all reads and writes to the control registers of the 
82C59A with the LOCK instruction prefix. This pre- 
caution ensures meeting the 82C59A Command Recov- 
ery Time for dissimilar cycles by inserting two idle 
T-states at the end of reads and writes. The 8OC186EA 
automatically adds two idle states to each INTA bus 
cycle (see Figure 4), ensuring the system meets a simi- 
lar recovery time specification for back-to-back INTA 
cycles. 


Finally, be sure to place the 82C59A on a buffered data 
bus. At high CPU speeds the interrupt controller can- 
not float its data buffers fast enough after read cycles to 
avoid contention with the microprocessor. 


5.0 
OTHER UPGRADE 
CONSIDERATIONS 


The following is a rundown of all known standard 
80CI86 errata and their disposition on the 80C186EA: 
• Non-Contiguous INT A Cycles (LOCK/INT A Cy- 
cles}-If 
a standard 8OC186 received an interrupt 
during a locked bus cycle, the bus interface unit did 
not 
correctly 
lock 
subsequent 
INT A 
cycles. 


8OC186EA INTA cycles are correctly locked and 
contiguous. 


• VIH on SRDY and ARDY-The 
standard 8OCl86 
required a higher than normal voltage to guarantee 
a logic 1 on these pins, making them sensitive to 
noise. The voltage thresholds 
of the 8OC186EA 
SRDY and ARDY pins are the same as for other 
input pins. 
• Bus Preemption-If 
the standard 80CI86 attempts 
to perform a DRAM refresh cycle during bus hold, 
the processor can hang. This behavior depends on 
pending instruction execution. The 80C186EA al- 
ways arbitrates the bus correctly to run refresh cy- 
cles. 


• 8OC188 RFSH Pin-The 
standard 80C188 RFSH 
pin goes active and inactive prematurely in the T4 
bus cycle phase. The 80C188EA asserts and deas- 
serts its RFSH pin correctly on T 1of its bus cycles. 


• FWAITIERROR-During 
execution 
of 
the 
80C187 FWAIT instruction, 80C186 family proces- 
sors do not test the ERROR pin. 8OCl87 errors go 
undetected unless another numerics instruction fol- 
lows, or you route errors to an external interrupt 
pin. 
This 
situation 
continues 
to 
exist 
on 
the 
80Cl86EA but Intel declassified it as an errata. See 
the 80C187 data sheet. 


• Interrupt 
Status Register-The 
processor may ig- 
nore a timer interrupt request during a write to this 
standard 80C186 register or redirect it to the wrong 
interrupt vector. Usually this problem happens dur- 
ing a write to clear the DHLT bit. This situation 
continues to exist on the 8OC186EA but Intel de- 
classified it as an errata. Continue to disable time 
interrupts while writing to the Interrupt Status Reg- 
ister, or use the DMA Control Registers to turn off 
DMA. 


The 80C186EA has two registers not found on the stan- 
dard 8OC186.The Power Control Register (PWRCON) 
is located at offset F2H. It enables and disables idle • 
mode and powerdown (see Section 3.8). Check existing 
~ 
software for spurious writes to the power control regls- 
ter location. Accidentally 
programming 
the register 
with either OOOOHor FFFFH disables both modes. The 
Stepping ID (STEPID) Register at offset F6H is a read- 
only register to indicate the silicon stepping of the de- 
vice. 
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A. I 
ueslgn t1eqUlrements 


Designing DRAM controllers is not as intuitive as de- 
signing other types of digital logic. DRAMs pose par- 
ticularly fussy timing problems, and the choices of ac- 
cess time, wait states and refresh method can be over- 
whelming. This design applies only to the basic DRAM 
access method described in Section 4.2.2. DRAM sys- 
tems employing the basic access method are suitable for 
most 80C186EA designs. 


A successful controller must respond Correctly to all 
80C186EA bus cycles. It must discriminate between 
bus cycles intended for the DRAMs and other accesses. 
For DRAM bus cycles, it must generate all the neces- 
sary outputs, including chip-selects, Write Enables and 
Output Enables, with timing relationships similar to 


The 8OC186EA bus interface unit provides 20-bit ad- 
dresses for routine read and write cycles. The integrat- 
ed RCV provides similar 20-bit addresses for refresh 
cycles. The benefits of the DRAM refresh feature come 
from how the 8OC186EA generates them and encodes 
them in the control signals. 


Figure 5 is a block diagram of the RCV. It consists of a 
nine-bit timing counter, 
a nine-bit address counter, 
three control registers and interface logic. When the 
RCV is enabled, the timing counter decrements every 
CLKOVT cycle until it reaches a count of I. At that 
time a refresh bus request is initiated, the timing coun- 
ter reloads, and the operation continues. A refresh bus 
cycle has high priority, 
and 
runs as soon as the 
8OC186EA bus is free. 
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Figure 5. 80C186EA 
Refresh 
Control 
Unit Block Diagram 
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80C186 users refer to refresh bus cycles as "dummy 
read" cycles. They appear on the 80C186EA bus like 
ordinary read cycles except that no data is transferred. 
The states of BHE/RFSH 
(Byte High Enable/Refresh) 
and AO identify refresh cycles according to Table 5. 


Table S.ldentification 
of 80C186EAl80C188EA 
Refresh 
Cycles 


Data Bus Width 
BHE/RFSH 
AO 


80C186EA 
1 
1 
80C188EA 
0 
1 


A.3 
The Design Solution 


Several 
vendors 
offer 
fully-integrated, 
single-chip 
DRAM controllers. Some of these devices are useful 
with the 80C186EA. However, most designers prefer to 
design their own DRAM controllers for the following 
reasons: 


• Off-the-shelf DRAM controllers are relatively ex- 
pensive, rivaling the cost of the 80C186EA. 
• Off-the-shelfDRAM 
controllers may have relatively 
high pin counts and power needs. Such devices are 
more appropriate 
for larger DRAM 
arrays than 


those commonly used with the 80C186 family. 


• Off-the-shelf DRAM controllers may not be a "best 
fit" because of slow operation or lack of flexibility 
for specific applications. 


• Off-the-shelf DRAM controllers may offer special 
features such as nibble, page and static-column 
modes, which are not commonly used in 80C186 
family designs. Therefore, the user may be paying 
for excess functionality. 


DRAM controllers can be implemented using discrete 
logic, delay lines, programmable logic devices or some 
combination. Analog delay lines provide accurate tim- 
ing relationships, but are inflexible and require addi- 
tional discrete logic. Discrete logic alone takes excessive 
board space due to complex state logic and decoding. 


A PLD solution (with or without additional discrete 
logic) is a good choice. PLDs have the following advan- 
tages: 


• PLDs are available in speed selections to match the 
processor's speed. 


• A wide variety of PLDs are available for optimal 
price versus performance. 
• PLDs are ideal for a mixture of synchronous state 
logic and combinatorial decoding logic. 


• PLDs are flexible and allow rapid design changes. 


The next section presents a design solution using the 
Intel 85C060 CMOS Programmable Logic Device. The 
85C060 contains 
all the decoding 
and state 
logic. 
74AC157s multiplex the row and column addresses. 
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A.3.1 
DESIGN 
OVERVIEW 
The 85C060 is a general purpose, 16-macrocell device. 
The 85C060 has several advantages over other pro- 
grammable devices for this design. It is relatively high- 
speed, allowing the DRAM controller to work up to 
20 MHz with the ·15 (TpD = 15 ns) version. It has 
eight product terms per macrocell. The 85C060 also 
has an asynchronous clocking option, which is very ad- 
vantageous in this design. 


Figure 6 is a block diagram of the DRAM controller 
and memory array. Address decoding within the con- 
troller selects the memory devices, so the user can read- 
ily change the base address (40000H as tested) or the 
array size (512 Kbytes as tested). Intel verified this de- 
sign in the laboratory 
and incorporated 
it into the 


EV80CI86EA/XL 
Evaluation Board. This board runs 
at 
20 
MHz, 
accessing 
Toshiba 
TC514256AP-70 
DRAMs with zero wait states. 


The DRAM controller uses nine of the 85C060's 24 
pins as inputs. It uses nine rnacrocells, with a maximum 
of five product terms per macrocell. 
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Figure 6. 80C186EA 
DRAM Memory 
System 
Block Diagram 
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Figure 7. Intel 85C060 Architecture 
Diagram 
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mented signals to the programmable array (see Figure 
8) so each edge of CLKOUT 
can clock some of the 


macrocells. The maximum skew between the true and 
complemented signals is about 500 ps and can be ne- 
glected in a timing analysis. 


A.3.2 
HOW THE DESIGN 
SOLVES 
THE 
PROBLEM 


Study Figure I once more. The 80C186EA's status sig- 
nals S2:0 can be conveniently decoded to detect the bus 
cycle beginning, type and end. However, notice that the 
status lines go active on a rising CLKOUT edge and 
inactive on a falling 
CLKOUT edge. RAS and CAS 


should both go active on falling 
clock edges and our 


controller should toggle between row and column ad- 
dresses near the rising CLKOUT edge in between. 


The dual state machine aspect of the 85C060 makes the 
DRAM controller independent of wait states. It uses 
the 80CI86EA's S2:0 lines to sense the end of the bus 
cycle rather than just counting clocks. This dependence 
on 
the 
status 
lines 
does 
have 
a 
drawback. 
The 
80C186EA's 
minimum 
specifications 
for 
TCHOVl 


(Status Active) and TCLOV2(Status Inactive) are both 
3 ns. In asynchronous clock mode, the 85C060 has a 
minimum hold time TAH of 6 ns. The solution is to 
avoid using status signals directly. A decoded status 
signal feeds back to the programmable 
AND 
array 
through a macrocell, adding enough delay time to meet 
the hold requirement. 


A good solution should somehow operate on both edges 
of the processor's CLKOUT signal and that is exactly 
what the 85C060 does. With the asynchronous clocking 
option, each 85C060 macrocell can derive its clock sep- 
arately 
from 
the 
programmable 
AND 
array. 
The 
DRAM 
controller uses CLKOUT 
as an input. The 


85C060 input buffers provide both true and comple- 
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A.3.3 
HOW THE DRAM 
CONTROLLER 
WORKS 
state machines. State Machine A and the address multi- 
plexing signal (MUX) are clocked on rising CLKOUT. 
State Machine B and the logic for RAS and CAS are 
clocked on falling CLKOUT. 


Figure 9 lists the complete source code for the DRAM 
controller. 
It consists mostly of two interconnected 


Name 
Partno 
Revision 
Date 
Designer 
Company 
Assembly 
Location 
Device 


DRAMCON; 
80C186EA/XL-xxx; 
01; 
8/9/91; 
LARRY 
BATES; 
Intel 
EMD 
Applications; 
28-Pin 
EPLD; 
Uxx; 
EP600; 
1* Compilation 
s~itch 
*1 


/***** •• ************ 
•• ********* 
••• *************************************/ 
1* 
Target 
Device 
Type: 
Intel 
85C060-15 
*1 
1* 
File 
written 
for 
the 
CUPL 
PLD 
Design 
Program. 
*1 
1* 
CUPL 
is 
a trademark 
of 
Logical 
Devices 
Inc. 
*1 
/*••**** ••• ****** 
••• *************************.*******.************.****/ 


1** 
Inputs 
**1 


pin 
3 = nSO; 
pin 
4 - nS1; 
pin 
5 = nS2; 
pin 
8 = LAl9; 
pin 
9 - 
LA18; 
pin 
10 
= UNUSED 
IO; 
pin 
11 = UNUSED-INPUT; 
pin 
14 
= LAO; 
- 
pin 
7 = nBHE; 
pin 
23 
- RESET; 


1* Status 
pins 
need 
pullups 
because 
the 
1* processor 
will 
not 
always 
drive 
them. 
*1 
*1 


1** 
Outputs 
**1 


pin 
6 = STATUS; 
pin 
15 
= nCAS1; 
pin 
16 
- 
nCASO; 
pin 
22 
- 
nMUX; 
pin 
17 
nRAS; 
pin 
(18,19] 
(A CTRO ••1]; 
pin 
(20,21] 
(B=CTRO ..1]; 


FIELD 
A 
CTR 
= 
(A_CTR1, 
A_CTRO]; 


FIELD 
B 
CTR = 
(B_CTR1, 
B_CTRO]; 


1** 
Other 
Pins 
**1 


pin 
1 = UNUSED 
CLK1; 
pin 
2 = CLK; 
- 
pin 
13 
- 
UNUSED_CLK2; 


Figure 9. DRAM Controller 
PLO Source Code 
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I_~~_~~~~~~~~~ 
WWWW.W.W 
•• *******************************************/ 
/* 
The 
powerup 
state 
of all 
the 
registers 
is LOW, 
which 
means 
the 
*/ 
/* 
corresponding 
output 
pins 
are 
LOW. 
RESET 
asynchronously 
clears 
*/ 
/* 
the 
state 
machines. 
The 
controller 
outputs 
correct 
themselves 
*/ 
/* 
within 
a couple 
of 
clocks 
after 
RESET. 
*/ 
/**********************************************************************/ 


/** 
Logic 
Equations 
**/ 


ADDRESS 
SELECT 
(!LA19 
& 
LA18) 
• 
(LA19 
& 
!LA18); 


REFRESH 
ONLY 
= 
(LAO 
& 
nBHE); 


LO BYTE 
!LAO; 


HI BYTE 
!nBHE; 


SEQUENCE 
A_CTR 


present 
A 
0 
if 
STATUS 
next 
A 
1; /* 
•••T1 
sample 
*/ 
if 
!STATUS 
next 
A=O; 


present 
A 
1 
if 
!ADDRESS 
SELECT 
next 
A_3; 
/* T2 
sample 
*/ 
if 
ADDRESS 
SELECT 
next 
A_2; 


/**********************************************************************/ 
/* 
Now 
control 
is turned 
over 
to B CTR, 
which 
is clocked 
on 
falling 
*/ 
/* 
edge, 
counts 
wait 
states 
and 
checks 
for 
end 
of 
cycle 
*/ 
/**********************************************************************/ 


present 
A 
2 
if 
B CTR:B 
2 
next 
A 
0; 
/* T3, 
T4 
sample 
*/ 
default 
next 
A_2; 


present 
A-3 
if 
B CTR:B 
2 
next 
A 
0; 
/* T3, 
T4 
sample 
*/ 
default 
next 
A_3; 


SEQUENCE 
B CTR 


present 
B 
0 
if 
(A CTR:A 
2 • A_CTR:A_3) 
next 
B_1; 
1* 
... 
T3 
sample 
*1 
default 
next 
B_O; 


if 
!STATUS 
if 
STATUS 
present 
B 
1 
next 
B_2; 
1* 
Tw 
or 
T4 
sample 
*1 
next 
B_1; 


next B_O; /* End of Cycle 
*/ 


Figure 9. DRAM Controller 
PLO Source Code (Continued) 
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present 
B 
3 


STATUS 


STATUS.OE 


nRAS.D 
= 
nRAS.CK 
nRAS.AR 
= 


nMUX.D 
= 
nMUX.CK 
nMUX.AR 


nCASO.D 
nCASO.CK 
nCASO.AR 
= 


nCAS1.D 
= 
nCAS1.CK 
nCAS1.AR 
= 


A 
CTRO.CK 
A_CTRO.AR 


A 
CTR1.CK 
A 
CTR1.AR 


B CTRO.CK 
B_CTRO.AR 


B 
CTR1.CK 
B 
CTR1.AR 


FUSE(6480,l); 
FUSE(6481,l); 


next 
B_O; 
/* Not 
used 
*/ 


!nSl 
, 
!nSO 
, nS2 
• 
!nSl 
& nSO 
, nS2 i 
nSl 
, 
!nSO 
, nS2; 


/* 
fetch 
*/ 
/* 
read/rfsh 
*/ 
/* 
write 
*/ 
/* 
not 
I/O 
or 
INTA 
*/ 


/* 
Makes 
it 
combinatorial. 
We 
are 
*/ 
/* 
using 
feedback 
rather 
than 
*/ 
/* 
using 
status 
directly 
to 
give 
*/ 
/* 
positive 
margin 
on 
hold 
time. 
*/ 


! «A_CTR:A_l 
• A_CTR:A_2) 
, ADDRESS 
SELECT' 
STATUS) 
!CLK; 
'b' 0: 


! (!nRAS 
, 
!REFRESH_ONLY); 
CLK; 
'b' 0; 


! (!nMUX 
, LO 
BYTE 
& STATUS); 
!CLK; 
'b' 0; 


! (!nMUX 
, HI 
BYTE' 
STATUS); 
!CLK; 
'b' 0; 


CLK; 
RESET; 


CLK; 
RESET; 


!CLK; 
RESET; 


!CLK; 
RESET; 


/* 
TURBO 
ON 
*/ 


272157-11 


Figure 9. DRAM Controller 
PLD Source Code (Continued) 
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Refer to the state diagrams in Figure 10 for the follow- 
ing discussion. The startup conditions for State Ma- 
chines A and Bare 
A-O and B-O respectively. State 
Machine A initiates the DRAM 
controller sequence 
and State Machine B terminates the sequence. 


The DRAM 
control 
sequence starts 
at the rising 
CLKOUT edge in bus state Tj with Machine A in con- 
trol. Machine A samples the bus status signals. If Ma- 
chine A detects a memory read, write or refresh cycle, 
it proceeds from State A-O to State A-I. Otherwise, it 
remains in A-O and waits for the next bus cycle. 


On the falling edge of T2' the RAS logic samples the 
state of Machine A, the latched address lines and the 
bus status signals. If Machine A is in A-I (memory 
read, write or refresh cycle) and the bus cycle is intend- 
ed for the DRAMs, the 85C060 asserts RAS. 


On the rising edge of T2, Machine A also samples the 
latched address lines. If the bus cycle is intended for the 
DRAMs, Machine A proceeds from A-I to A-2. Other- 
wise, Machine A proceeds to A-3. Now, control passes 
to State Machine B. The MUX logic samples the state 
of RAS and the BHE pin. If RAS is active (indicating a 
DRAM access) and the bus cycle is not a refresh cycle, 
the 85C060 asserts MUX. MUX toggles the 74AC157s 
between row and column addresses for DRAM reads 
and writes. 


On the falling edge of T3, Machine B samples the state 
of Machine A. If Machine A is in state A-2 (DRAM 
access) or state A-3 (memory read or write but not a 
DRAM access), Machine B proceeds from B-Oto B-1. 
If the bus cycle is a DRAM access, the 85C060 contin- 
ues to assert RAS. The CAS logic samples the state of 
MUX, latched address AO, BHE and bus cycle status. 
If MUX is active (indicating a DRAM read or write) 
and processor accesses a low byte, the 85C060 asserts 
CASO. If MUX is active and~rocessor 
accesses a 
high byte, the 85C060 asserts CASL The difference be- 
tween a DRAM read access and a DRAM refresh ac- 
cess is that MUX and CAS 1:0 are not necessary for the 
refresh. 


On the rising edge of Tj, Machine A waits for Machine 
B to terminate the sequence. If MUX is active (DRAM 
read or write), it remains active. 


On the next falling edge, Machine B samples the bus 
status signals. If status is still active, this state is a wait 
state, Tw, and Machine B remains in B-1. If this state 
is a wait state and RAS is active (DRAM access), RAS 
remains active. If this state is a wait state and CASl:O 
are active (DRAM read or write), CASl:O remain ac- 
tive. 


On the rising edge of a wait state, Machine A continues 
waiting for Machine B to teminate the sequence. If 
MUX is active (DRAM read or write), it remains ac- 
tive as in a T3 state. 


MACHINE A 
MACHINE B 
272157-12 


Figure 10. DRAM Controller 
State Machines 
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If status 
is inactive, 
this state is a T 4 state and Machine 
B proceeds 
from 
B-1 to B-2. If this state 
is a T4 state 
and RAS is active (DRAM 
access), 
the RAS logic also 
detects 
inactive 
status 
and the 85C060 
deasserts 
RAS. 
If this state is a T4 state and CASI:O are active (DRAM 
read 
or 
write), 
the 
CAS· logic 
also 
samples 
the 
bus 
status 
signals. 
If status 
is inactive, 
the 85C060 deasserts 
CASI:O. 


On the rising edge of T 4, Machine 
A samples 
the state 
of Machine 
B. With 
Machine 
B in state 
B-2 (ready 
to 
terminate 
the sequence), 
Machine 
A proceeds 
from ei- 
ther 
A-2 
(DRAM 
access) 
or 
A-3 
(memory 
read 
or 
write but not DRAM 
access) to A-O. If MUX 
is active, 
the MUX 
logic examines 
the state 
of RAS. 
If RAS 
is 
inactive 
(indicating 
an ending 
cycle), the 85C060 
deas- 
serts MUX. 


On the next falling CLKOUT 
edge, Machine 
B uncon- 
ditionally 
proceeds 
from 
state 
B-2 to B-O, terminating 
the DRAM 
sequence. 
Control 
passes to State Machine 
A. 


A.3.4 
PROGRAMMING 
THE 80C186EA 
REFRESH 
CONTROLLER 


The 
programming 
value 
for the refresh 
clock 
interval 
register 
is easy to calculate. 
The 
514256 
DRAM 
data 
sheet specifies 
512 refresh 
cycles (29 = 512 rows) 
per 
8 ms. Multiplying 
0.008 by 20 • 106 (for 20 MHz 
oper- 
ation), 
then dividing 
by 512, yields 312 clocks. To com- 
pensate 
for bus latency 
for the 
RCU 
to gain 
control 
over the bus, derate 
the actual 
programming 
value by 
five percent 
to about 
297. 


Program 
the refresh 
base address 
register 
with the up- 
per seven address 
bits which 
specify the location 
of the 
DRAM 
array. 
Finally, 
activate 
the refresh 
control 
unit 
by setting 
the REN 
(Refresh 
Enable) 
bit in the refresh 
control 
register. 


Use of the 
80CI86EA 
power-save 
mode 
requires 
that 
you reprogram 
the device. 
Divide 
the value 
in the re- 
fresh clock interval 
register 
by the desired 
clock divisor 
value before 
writing 
to the power-save 
register. 


A.3.5 
LOADING 
AND TRANSMISSION 
LINE 
EFFECTS 


In 
the 
example 
DRAM 
system, 
there 
are 
only 
four 
DRAM 
devices 
so the capacitive 
load can generally 
be 
ignored. 
In larger 
systems, 
with address, 
data and con- 
trol 
lines 
connected 
to numerous 
DRAMs, 
the 
total 
capacitive 
load can degrade 
performance. 
Keep in mind 
that the controller 
drives a particularly 
heavy load dur- 
ing refresh, 
when it drives all DRAMs 
simultaneously. 


The 
inductance 
of long 
printed 
circuit 
board 
traces 
makes 
DRAM 
subsystems 
prone 
to ringing 
and over- 


shoot/undershoot. 
Series damping 
resistors 
offer relief 
by increasing 
the rise and fall times 
of the signals 
and 
thus the instantaneous 
change 
in current. 
The example 
circuit 
contains 
220. 
resistors 
in address 
and 
control 


I driven by the 85C060 and 74ACI57 
devices. 
Determine 
optimum 
values 
for your system 
empirically. 


A.3.6 
MODIFICATIONS 
FOR THE 80C188EA 


It 
is 
easy 
to 
modify 
the 
DRAM 
array 
for 
an 
80C188EA. 
Place 
all the 
DRAM 
devices 
on the 
low 
data bus D7:0. Use AO as a true address 
bit (instead 
of 
low byte 
select) 
by connecting 
latched 
AO, instead 
of 
latched 
A18, 
to the 
74AC157. 
Since AO is fixed as a 
logic one during 
80CI88EA 
refresh 
cycles 
(see Table 
5), it becomes 
a column 
address 
line, not a row address 
line. 


In 
the 
85C060 
logic 
equations, 
rename 
nBHE 
to 
nRFSH 
and 
change 
REFRESH 
ONLY 
to 
RE- 
FRESH_ONLY 
= !nRFSH 
to detect 
refresh 
bus cy- 
cles. 
Change 
the 
definition 
of LO_BYTE 
to 
LO_ 
BYTE 
= !LA 19 & LA 18 and 
change 
HI_BYTE 
to 
HI_BYTE 
= LAI9 & !LAI8. 
This arrangement 
maps 
256 Kbytes 
(two DRAM 
devices) at 4OOOOH-7FFFFH 
and 
256 
Kbytes 
(the 
other 
two 
DRAM 
devices) 
at 
80000H-B7FFFH. 
The 85C060 
asserts 
RAS to all the 
DRAMs 
on every 
DRAM 
access, 
but 
CAS 
is active 
only for the two DRAMs 
being 
read 
or written. 
The 
bus 
cycles 
are 
redundant 
refreshes 
at the 
other 
two 
DRAMs. 


A.4 
Adapting the Design to Your 
System 


With DRAM 
more reasonably 
priced 
now, chances 
are 
you will consider 
DRAMs 
for your system. 
The exam- 
ple DRAM 
controller 
leaves 
one input, 
one I/O 
and 
two 
clock 
pins 
unused 
on 
the 
85C060. 
With 
minor 
PLD 
code changes, 
you can use these 
pins to control 
additional 
DRAM 
banks, 
provide 
a bus ready 
output 
or provide 
a DMA 
Acknowledge 
signal. 


The 
85C060-based 
DRAM 
controller 
is a general 
ex- 
ample of the synchronous 
"glue logic" described 
in Sec- 
tion 4. Macrocells 
can derive individual 
output 
enables 
and asynchronous 
resets from the array 
of AND 
gates. 
In addition, 
the registers 
may be configured 
as D-, T-, 
JK- or SR-type 
flip-flops. 
This allows 
you to apply 
the 
same 
general 
bus-tracking 
technique 
to a variety 
of 
8OCl86EA 
control 
logic. 


The 85C060 
uses Intel's 
CHMOS 
EPROM 
technology, 
making 
it 
a 
suitable 
low-power 
companion 
to 
the 
8OC186EA. 
It 
is available 
in both 
24-pin 
DIP 
and 
28-lead 
PLCC 
packages. 
If you 
need 
more 
functions 
than 
will fit inside the 85C060, 
consider 
the 85C090, 
a 
similar 
device with 24 macrocells. 


4-77 


PALl!> is a registered 
trademark 
of Advanced 
Micro Devices. 


4-78 


intel· 
APPLICATION 
BRIEF 
AB-36 


April 1989 


80186/80188 
DMA Latency 


STEVE 
FARRER 
APPLICATIONS 
ENGINEER 


Order Number: 270525-001 
4-79 


80186/80188 
DMA 
LATENCY 
CONTENTS 
PAGE 


DMA REQUEST 
GENERATION 
4-81 


Conditions 
Affecting 
DMA Latency 
4-81 


4-80 


. intel· 
AB-36 


When using the DMA controller of the 80186 and 
80188, there are several operating conditions which af- 
fect the service time (latency) between when the DMA 
request is generated and when the bus cycles associated 
to the DMA transfer are actually run. This application 
brief describes those conditions which affect DMA La- 
tency. 


DMA REQUEST 
GENERATION 


The minimum DMA latency is 4 clocks and, depending 
on when the signal arrives (Le. if the signal just missed 
the setup time), it might appear to be almost 5 clocks. 
This 4 to 5 clock delay is due to a two phase synchroni- 
zer and various transfer gate delays the DRQ signal 
must take before reaching the BIU. Conceptually the 
circuit looks like Figure 1. 


If the Bus Interface Unit (BIU) is available when the 
DRQ signal reaches it, then a DMA cycle will proceed 
at T 1 of the bus cycle as the next clock. 


Also note that the DRQ signal is not latched, and must 
remain active until serviced. If the DRQ signal is 
brought low after being asserted high, then a '0' will 
propagate through and; if the request had not yet been 
serviced, then the BIU will see a '0' and the cycle will 
never take place. 


Conditions 
Affecting 
DMA Latency 


The circumstances that affect DMA latency in order of 
worst case are as follows: 


1) HOLD 
2) LOCK - INTA 
3) Odd byte accesses 
4) Effective Address Calculations (EA) 


HOLD can indefinitely delay a DMA cycle. There is no 
mechanism internally to remove HLDA when a DMA 
request is pending. 


LOCKed instructions can also delay a DMA cycle by a 
significant amount, depending on the type of instruc- 
tion locked. A typical locked XCHG instruction from 
memory to register could delay the DMA cycle by as 
much as 18 clocks if the memory access required two 
bus cycles (80188 or odd locations on the 80186). On 
the other hand, a locked repeat MOVS could delay a 
DMA cycle by up to 1.05 million clocks depending on 
the number of transfers and the number of bus cycles 
per transfers. 


Interrupt 
acknowledges can also affect DMA latency 


because the bus is locked out during the first two bus 
cycles required to fetch the interrupt vector type. This 
causes the worst case latency during interrupt acknowl- 
edges to be: 


4 
10 


14 


Clocks 
(Minimum 
Setup) 
Clocks (2 Bus Cycles + 2 Idle Clocks) 
Min 


Clocks Total 


Both HOLD and LOCK are extremely dependent on 
the type of system being designed and therefore are not 
really considered to be normal worst case latency. 
However, odd byte accesses and effective address calcu- 
lations are conditions that frequently occur in almost 
all systems. Under these conditions of no HOLD, no 
LOCK, and no wait states, the worst case occurs when 
the DMA request loses to an instruction data cycle re- 
quiring an effective address calculation. 


Effective addresses (EA) always require 4 clocks for 
calculation 
and 
can 
only 
take 
place 
during 
T3-T4-TI-TI, T4-TI-TI-TI, 
or TI-TI-TI-TI. 
This cre- 


ates an extra minimum insertion of 2 T-idle cycles. If 
the EA requires an immediate value in the prefetch 
queue, then a signal goes active which places the EA 
bus cycle at a higher priority than any other BIU re- 
quests. This is so the execution unit won't be waiting on 
the bus interface unit. If the EA hadn't required the 
value in the queue, then the EU could proceed with the 
next instruction shortly after it had sent the request to 
the BIU. Figure 2 shows the effects EA calculations 
have on DMA Latency. 


:~"" 
'-------~' 
L- 
two phose synchronlzer 
to sample asynchronous signals 
270525-1 


Figure 1. DMA Request 
SynChronization 
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Address 
Instruction 


FAO58 
FA059 
FA05A 


90 
90 
2E87060100 


Code 


NOP 
NOP 
XCHG 
AX,CS:WORD 
PTR 
0001 


AID 
STATUS 


Fetch of 
{ 
last byte 
necessary 
for the XCHG 
Instruction. 


FA05E 
OA05E 
OAOOO 
OAOOO 
FA05F 
OA05F 
OAOBE 
OAOBE 
OAOBE 
OAOBE 
FAOll 
OAOll 
OAOOl 
OAOOl 
FA012 
OA012 
OAOOl 
OAOOl 
F800C 
1800C 
180FF 
180FF 


1100 
ALE 
0100 
FETCH 
0111 
PASSIVE 
0111 
PASSIVE 
1100 
ALE 


0100 
FETCH 
0111 
PASSIVE 
0111 
PASSIVE 
0111 
PASSIVE 
011-1 
PASSIVE 
1101 
ALE 
0101 
READ 
0111 
PASSIVE 
0111 
PASSIVE 
1101 
ALE 
0101 
READ 
0111 
PASSIVE 
0111 
PASSIVE 
1101 
ALE 
0101 
READ 
0111 
PASSIVE 
01,11 
PASSIVE 


n 
11 -----LreCOgnlZed 
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T111 
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., 
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n 
11 
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11 
11 
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• If an immediate value had not been used, the EA would have been aborted and the DMA would have begun its bus 
cycle. In this case, the latency would be 8 clocks. 
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Figure 2. Logic State Analyzer 
Trace and Accompanying 
Program 
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There has been some confusion in the past regarding 
the correct input for EFl (External Frequency Input) 
use and what parameters should be used for crystal 
selection. This Application Brief discusses the trade- 
offs with each input so that one can decide which input 
suits his design and also lists the parameters for crystal 
selection. 


EFl Operation 


The oscillator circuit on the 186/188 is as shown in 
Figure 1 (simplified). Either input may be used for an 
EFl signal. Using Xl requires very little drive from an 
external oscillator since it is essentially the gate of an 
NMOS transistor. 
Clock operation works fine using 
this input, but at higher frequencies the stray capaci- 
tance on X2 begins to change the duty cycle of the 
clock. This will eventually cause the part to fail. 


,,~~ 


X2 
. 


270526-1 


NOTE: 
Driving X2 does not allow compatibility with future 
CMOS designs. 


Figure 1. Oscillator 
Circuit on the 186/188 


Using X2 as an EFl gives a broader frequency range 
but places a more stringent requirement on the drive 


capability of the external oscillator. Since Xl is an in- 
put, it may be grounded to minimize the capacitance. 
This in turn allows for a higher frequency range since 
the duty cycle remains closer to 50%. But with Xl 
grounded, the output of the inverter (which is directly 
connected to X2) is always trying to output a high. This 
means the oscillator driving X2 must be capable of 
sinking up to 15 mA at cold temperatures when trying 
to drive it low. If the external oscillator is capable of 
supplying 15 mA, then this method is preferred. Other- 
wise, Xl should be used as an EFL 
Caution: using X2 for EFl does not allow for CMOS 
compatibility at a future date. 


Crystal Operation 


The oscillator circuit is a single stage amplifier connect- 
ed as a Pierce oscillator. There are no passive compo- 
nents in the oscillator circuit, only a unique combina- 
tion of depletion and enhancement mode FET's. Char- 
acterization of the oscillator circuit showed that opera- 
tion was optimum with crystal parameters as follows: 
ESR 
30 ohms maximum 
(Equivalent Series Resistance) 
Co (Shunt Capacitance) 
Cl (Load Capacity) 
Drive Level 


7.0 pfmax. 
20 pf ±2 pf 
1 mWmax. 


This characterization data was supplied by: 


Standard Crystal Corporation 
9940 East Baldwin Place 
El Monte, CA 91731 
(213) 443-2121 
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The 80C186 and 80C188 incorporate a special control 
unit that integrates address and clock counters which, 
along with the Bus Interface Unit (BIU), facilitates dy- 
namic memory refreshing. Refreshing is an operation 
required by dynamic memory to ensure data retention. 


Dynamic memory refreshing can be controlled using 
anything from an exotic memory controller to a simple 
timer along with a DMA controller. In fact, the 80186 
device accomplishes the task memory refreshing by us- 
ing one of the internal timer/counters 
and a DMA 
channel. However, 'doing this meant that desirable in- 
ternal functions were no longer available to do more 
useful work. 


Dynamic memory, unlike static or non-volatile memo- 
ry, always require some form of a memory controller to 
enable read and write operations. Therefore, even the 
most basic dynamic memory interface has a minimum 
set of support logic. The advent of programmable logic 
and highly integrated dynamic memory has made the 
job 
of 
designing 
a 
memory 
controller 
somewhat 
straightforward. However, directly supporting memory 
refresh can still complicate many controller designs. 


The designer of a memory controller must take into 
account CPU-versus-refresh arbitration and must pro- 
vide a:mechanism to generate periodic refresh requests. 
Most dynamic memory devices now contain internal 


refresh address counters which eliminate the need for 
external refresh address generation. However, such de- 
vices tend to complicate a memory controller design. 
The 80C186 simplifies dynamic memory controller de- 
sign by integrating a refresh mechanism into the opera- 
tion of the CPU. 


This application brief is not intended to be a discussion 
of dynamic memory controller design. Instead, it will 
concentrate on the operation of the Refresh Control 
Unit of the 80C186, and how it can help simplify a 
memory controller. 


The discussions on the following pages apply to BOTH 
the 80C186 and 80Cl88 except where noted. 


UNDERSTANDING 
DYNAMIC 
MEMORY 


Before explaining how memory refreshing is accom- 
plished, some understanding 
of a Dynamic Random 
Access Memory (DRAM) device is needed. Figure 1 
shows a simplified block diagram of a DRAM device, 
while a block diagram of a typical dynamic memory 
controller is shown in Figure 2. 
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Figure 1. Random 
Access 
Memory 
Device 
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Figure 2. Minimum Configuration 
Memory 
Controller 


The typical DRAM memory array is built as a matrix. 
Any bit or cell in the memory array is accessed by 
specifying a unique row and column address. As shown 
in Figure 1, the row and column addresses are multi- 
plexed through one set of address inputs. Multiplexing 
the address inputs helps reduce the number of pins re- 
quired to support large memory arrays. For instance, 
adding only one address bit will result in a memory 
array 4 times as large. 


Two control lines, RAS and CAS, are used to strobe an 
address into the memory chip. Figure 3 illustrates a 


timing diagram for a typical memory read access and 
4 


the relationship between the RAS and CAS signals. 
The signal MUX controls which half of the address is 
presented to the memory devices. After generating the 
row address strobe (RAS), the decoder selects a row of 
memory cells whose data value will be detected by a 
Sense Amplifier. The Sense Amplifier then presents the 
data to the column decoder. Note that all cells associat- 
ed to a row get accessed. The fact that all cells within a 
row are accessed will be used later to explain why only 
the RAS portion of the memory address is required to 
refresh a device. 


X 
Row Addres. 
Column 
Addro •• 
X 
-:J tRS I--- tRH- 
I 
" 
\J 


tRACC 
I 
/ 
I---tcs- 
I-tCH-I 
- 
/ 


I--tCACC- 
\J 
/ 


I-toEACC- 


t.lEMORY 
ADDRESS BUS 


DATAOUT 
X 
Valid Dota 
x:::: 
_________ 
--J 
__ 
.....;..;;;.;.~ 
__ 


tRS = RowAddress Setup to RAS J.. 
tRH = RowAddress HoldfromRAS .l- 
tcs = ColumnAddress Setup to CAS J.. 
leH = ColumnAddress Holdfrom RAS J.. 


tRACC= RASAccess Time 
!cAee = CASAccess Time 
toEACC= OE Access Time 
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Figure 3. DRAM Signal Timings 


4·89 


intel· 
AB-31 


When the column address is strobed, it is here that only 
one of the memory cells is selected. The memory cell 
will either be written to or read from depending on the 
the control signals WE and OE respectively. Since data 
from one entire row is presented to the column decod- 
er, it is possible (on some devices) to simply cycle 
through column addresses to access additional data. 
The basic idea, however, is that two sets of addresses 
are required to access a memory cell within a memory 
array. Furthermore, specifying a single row address in- 
ternally accesses all memory cells within that row. 


The minimum memory controller interface consists of a 
sequencer and an address multiplexer. The sequencer is 
responsible for generatin~e 
correct control signals: 
RAS; CAS; MUX; WE; OE. The address multiplexer 
logic is responsible for translating the processor address 
bus to the memory address bus. These two pieces of 
logic can exist in any form, from simple TTL gates to 
single chip solutions. However, what is missing from 
the simplified memory controller is a mechanism to 
perform memory refresh. 


UNDERSTANDING 
MEMORY 
REFRESH 


As indicated earlier, dynamic memory needs to be re- 
freshed in order to maintain its data. Refreshing is ac- 
complished whenever a memory cell is accessed. It is 
not necessary to read a memory location and then write 
the value back in order to refresh a memory cell. Sim- 
ply cycling through a complete set of row addresses is 
all that is required. Remember, since a row accesses all 
memory cells associated to it, accessing all rows will 
access all the cells within the device. 


Referring back to Figure 2, the 9 address bits presented 
to the memory devices are multiplexed from the 18 bits 
of address generated by the 80C186. In the design, ad- 
dress bits Al-A9 are presented during RAS, while ad- 
dress bits AJO-A18 are presented during CAS. Note 
that address bit AO is not used because the memory 
array is organized as word wide; AO along with BHE 
are used to select one or both of the bytes within a 
word. 


Cycling through row addresses is the only requirement 
needed to refresh a DRAM device. Using the example 
in Figure 2, 9 bits of address are needed. Nine bits 
represent 512 unique addresses, and the only require- 
ment is that each unique address be regenerated every 


8 ms (maximum refresh rate for most devices with 512 
rows). An 8 ms refresh interval divided by 512 address- 
es results in an average refresh cycle rate of 15.625 mi- 
croseconds. Therefore, every 15.625 microseconds 
a 
mechanism must exist that will access the DRAM de- 
vice, each time presenting a new row address. Any rate 
faster than 15.625 microseconds is acceptable, but sig- 
nificantly faster times have the potential of decreasing 
memory performance. 


WAYS TO REFRESH 
A MEMORY 
DEVICE 


For most dynamic memory devices, there are several 
ways in which a refresh cycle can be run. The first and 
simplest way is to generate memory read cycles every 
15.6 microseconds. 
Each 
new memory 
read 
cycle 
would generate a unique address. When refreshing is 
accomplished using memory read cycles, the memory 
controller is simplified. Only the basic control signals 
need to be generated, which are the minimum needed to 
access the memory anyway. Simplicity is, however, ac- 
companied 
by one drawback; 
bus overhead. 
Using 
memory reads to perform DRAM 
refreshing means 


that one bus cycle every 15.6 microseconds is wasted. 
When operating at very slow speeds, a wasted bus cycle 
might appear to be significant. But if a bus cycle takes 
only, say, 320 nanoseconds to complete, running a re- 
fresh cycle every 15.!) microseconds represents a two 
percent hit in bus performance. 


A second method relies on the fact that most dynamic 
memory devices now have built in refresh address 
mechanisms. DRAM refreshing can be accomplished 
by generating CAS before RAS signaling (see Figure 
4a). This method requires that an external signal gener- 
ate a periodic request to the DRAM controller to initi- 
ate the refresh cycle. A method similar to CAS before 
RAS refreshing is hidden refresh. Figure 4c illustrates 
the timing involved to perform hidden refresh. No re- 
quest logic is needed, since the memory access itself is 
what initiates the refresh cycle. However, constant 
memory accessing is required in order to maintain re- 
freshing. Once accessing stops, refreshing stops. Both of 
the methods described have the advantage of not con- 
suming bus bandwidth, but require the memory con- 
troller to handle the somewhat different (from normal 
memory accessing) signaling requirements. 
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. Figure 4b. RAS Only Refresh 


~~ 
X: 


\•...-----~ 


Figure 4c. 


A final method 
is to implement 
a discrete 
design 
that 
supports 
refresh 
control 
and refresh 
address 
generation. 


The circuit 
details 
are shown 
in Figure 
4b. A discrete 
design allows the most design flexibility 
and can be tai- 


lored 
to meet 
any 
system-to-memory 
interfacing 
re- 
quirements. 


There 
are other 
methods 
available, 
most 
of which 
in- 
volve single-chip 
dedicated 
memory 
controllers. 
How- 
ever, 
any memory 
controller 
design 
that 
performs 
the 
function 
of refreshing 
either 
directly 
or through 
exter- 


nal support 
circuitry 
has one major concern; 
arbitration 
between 
the refresh 
cycle and a normal 
memory 
access. 


The 
best 
way 
to make 
the 
operation 
of the 
DRAM 
memory 
controller 
a true 
slave to the operation 
of the 
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NOTES: 
1. Refresh address 
provided internal to memory device. 


2. Refresh address 
presented 
external to memory device. 


3. Refresh address 
generated 
internally, and cycle does not effect memory access 
in progress 
(i.e. hidden). 


CAS ACTIVE 
BEFORE 
RAS 


270520-4 
OE ~ WE ~ VOH 
Figure 4a. CAS before 
RAS Refresh 


NORMAL ACCESS 


Figure 4..Alternate 
Refreshing 
Methods 


CPU is to include 
refreshing 
as part of the functionality 


of the CPU. 
By offloading 
the task of memory 
refresh- 


ing onto the CPU, 
the memory 
controller 
can be sim- 


plified and dedicated 
to the duty of DRAM 
interfacing. 


The 
idea 
that 
the 
80C186 
refresh 
cycle 
is simply 
a 
memory 
read means 
that the dynamic 
memory 
control 
logic does not need to differentiate 
between 
refresh 
cy- 
cles and 
normal 
memory 
read 
cycles. 
This 
simplifies 


the 
design 
of the 
memory 
controller. 
There 
are 
no 


special 
signaling 
requirements 
needed, 
and 
RAS 
only 
refreshing 
(for low-power 
designs) 
can be easily accom- 


modated. 
Further, 
since the request 
is generated 
inter- 
nally 
and synchronous 
with the operation 
of the BIU, 


no special external 
logic needs to detect 
when a refresh 
cycle conflicts 
with a CPU 
access. 
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2a-blt 
Refresh Address 


Figure 5. Refresh Control Unit Block Diagram 


80C186 
REFRESH 
CONTROL 
FEATURES 


The Refresh Control Unit (RCV) of the 8OC186 con- 
sists of a 9-bit address counter, a 9-bit down counter, 
and support logic. The block diagram can be seen in 
Figure 5. 


The 9-bit address counter is controlled by the BIU and 
used whenever a refresh bus cycle is executed. Thus, 
any dynamic memory device whose refresh address re- 
quirement does not exceed nine bits can be directly sup- 
ported by the 8OC186. A special register has been de- 
fined to allow the base (starting) address of the refresh 
memory region to be specified. This base address can be 
located on any 4 kilobyte boundary. Furthermore, 
if 
this refresh base address overlaps any of the defined 
chip select regions, the chip select defined for that re- 
gion will go active. 


The 9-bit down counter inmates a refresh request. 
When the counter decrements to 1 (it decrements every 
clock cycle), a refresh request is presented to the BIU. 
When the bus is free, the BIU will run the refresh 
(memory) bus cycle. Note that since a refresh bus cycle 
is executed by the BIU, the faster refresh cycles are 
requested the greater the impact on bus performance. 
Referring back to the discussion of request rates, the 
maximum refresh period is typically 15.6microseconds. 
With the 80CI86 operating at 12.5 MHz, this repre- 
sents a refresh bus impact of only 2%. However, at 5 
microseconds the bus impact is 15%. Therefore, .the 
refresh request rate should be tailored to meet the needs 
of the dynamic memory and the system. The 8OCl86 
provides flexibility by allowing the request rate to be 
programmable in 80 ns steps (at 12.5 MHz). 


To facilitate low power designs, the refresh bus cycle 
provides a mechanism whereby the dynamic memory 


devices can be turned off during refresh accesses. Low 
power control is accomplishedbydriving 
both address 
bit Aa and the control signal BHE to a high level. Es- 
sentially an invalid bus access condition exists, since Aa 
and BHE are used to indicate which half of the data 
bus is being accessed. When both are high during the 
access, the indication is that neither half of the bus is 
being used for the data transfer. This is acceptable for 
refresh bus cycles since no data is actually being trans- 
ferred. If the memory controller takes advantage of this 
condition, the output enables of the dynamic memory 
devices (as well as the CAS strobe) can be disabled 
during refresh bus cycles, providing overall lower pow- 
er consumption. 


PROGRAMMING 
CHARACTERISTICS 
OF THE REFRESH 
CONTROL 
UNIT 


A block of control registers are defined in the Peripher- 
al Control Block (PCB) that define the operating char- 
acteristics of the refresh control unit (refer to Figure 5). 
These registers are only accessible when the 80C186 is 
operating in enhanced mode. When in compatibility 
mode, the 8OC186will ignore any reads or writes to the 
RCU registers. 


The three registers associated with the refresh unit 
(MD RAM, CDRAM, EDRAM) provide the following 
features: 
I) Enable/disable refresh unit 
2) Establish a refresh request rate 
3) Establish a refresh memory region 
4) Examine the refresh down counter 


It is not necessary to program any of these registers in a 
specific sequence, although the refresh request rate and 
refresh base address registers should be programmed 
before the refresh unit is enabled. 
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Programming 
the Memory Partition 
Register 


Figure 7 illustrates how the refresh address is generat- 
ed. Address bits AIO-AI2 are not programmable and 
are always driven to a zero during a refresh bus cycle. 
Address bits Al through A9 are derived by a 9-bit lin- 
ear-feedback shift counter. The address counter is not 
ascending or contiguous, meaning that the counter does 
not start at 0 and increment to 51\ before resetting 
back to O. For refreshing purposes, it is not important 
that the address be contiguous and count up or down. 
Rather, the only requirement is that all combinations of 
the 512 addresses be cycled through before being re- 
peated. Equation I provides the state definition of the 
9-bit refresh address counter and can be used to deter- 
mine the exact counting sequence. Figure 8 illustrates 
the gate logic used to create such a counter. 


The MDRAM register (Figure 6) is used to define ad- 
dress bits A\3 through AI9 of the 20 bit refresh ad- 
dress. This essentially establishes a memory region 
which will be accessed during refresh bus cycles. Typi- 
cally, the refresh memory region will overlap a chip 
select that is used to access the dynamic memory. Over- 
lapping the refresh memory region with a chip select 
memory region, means no additional external hardware 
is needed to support refresh bus cycles since it essential- 
ly operates the same as memory read cycles. When the 
8OCl86 is reset, the MDRAM register is initialized to 
zero. 


Bit 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 


MDRAM: I M6 
M5 
M4 
M3 
M2 
M1 
MO 
0 
0 
0 
0 
0 


3 
o 


2 
o 
o 
o 
o 


bits 0-8: 
Reserved, 
should 
be written 
as a 0 to maintain 
future 
compatibility, 
will be read back as O. 
bits 9-15: 
MO-M6, 
are used to define 
address 
bits A13-A19 
(respectively) 
of the 20-bit 
memory 
refresh 
address. 
These 
bits are set to 0 on RESET. 


Figure 6. MDRAM Register Format 


Address 
Bit 
19 
18 
17 
16 
15 
14 
13 
12 
11 
Physical 
Refresh I M6 
Address 
M5 
M4 
M3 
M2 
M1 
MO 
0 
0 


10 
9 
8 
7 
6 
5 
4 
3 
2 
0 
o 
CAB CA7 CA6 CAS CA4 CA3 CA2 CA1 CAO 


Bit 0: Always 
driven 
to a 1 (Logic 
High). This is true for both the 80C186/80C188. 
Bits 1-9: 
CAO-CAB, are generated 
by the 9-bit l.mear-Feeoback 
shift counter. 
Bits 10-12: 
Always 
driven to a 0 (Logic 
Low). 


Bits 13-19: 
MO-M6, 
are defined 
by the MDRAM 
Register. 


Figure 7. Physical Refresh Address Generation 


CAO +- CA1 


CA1 +- CA2 
CA2 +- 
CA3 
CA3 +- 
CA4 
CA4 +- 
CAS 


CAS +- CA6 
CA6 +- 
If(CA1-CA6 
= 111111B), 


then CA6 = inverted 
CAO 
else CA6 = «CAO .xOR. 
CA1) .XNOR. (CA2 .XOR. CA3)) 
CA7, CAB +- 
li (CAO - CA6 = 0111111B) 


then CA7, CAB = CA7, CAB + 1 


else CA7, CAB = CA7, CAB 


Equation 1. Refresh Counter Operation 
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Figure 8. Logic Representation 
of Refresh Address Counter 


Bit 
15 
14 
13 
12 
11 
10 


CORAM: I 0 
0 
0 
0 
0 
0 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


o 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ ~I 


Bits 0-8: 
Co-Ca, define the number of CLKOUT cycles between each Refresh Request 
o = 512,1 = 1,2 = 2, ... These bits are set to 0 on RESET. 


Bits 9-15: 
Reserved, should be written as 0 to maintain future compatibility, will always be read back as O. 


Figure 9. CORAM Register Format 


There are no limitations placed on the programming of 
the MDRAM register, but be aware that any chip se- 
lect memory region that overlaps the address estab- 
lished by the MDRAM register will be activated during 
refresh bus cycles. Therefore, the register should be 
programmed to correspond to the chip select address 
that is activated for the dynamic memory partition. 


Programming the Refresh Clock 
Register 


The CDRAM register (Figure 9) is used to define the 
rate at which refresh requests will be internally generat- 
ed. The CDRAM register is used to maintain the start- 


ing value of a down counter, which decrements each 
falling edge of CLKOUT. 
When the counter decre- 


ments to I, a refresh request is generated and the coun- 
ter is again loaded with the value contained in the 
CDRAM 
register. Initially, however, the contents of 


the CDRAM register is loaded into the down counter 
when the enable bit in the EDRAM register set. Thus, 
if the CDRAM register is changed, the new value will 
take effect when either the down counter reaches I and 
reloads itself, or whenever the E bit is written to a I 
(this is true whether the bit was previously set or not). 
When the 8OCl86 is reset, the CDRAM register is ini- 
tialized to zero. A value of zero in the CDRAM regis- 
ter is used to indicate the maximum count rate of 512 
clocks. 
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I 
RpERIOD (",s) • FREQ (MHz) 
I = CORAM 
Register 
Valve 
•••Refresh 
Rows + ('"Refresh 
Rows· 
% Overhead) 


Rperiod = Maximum 
Refresh 
period 
specified 
by the DRAM 
manufacturer 
(time in microseconds). 
FREQ 
= Operating 
Frequency 
at 80C186 
in megahertz. 


"'Refresh 
Rows 
= Total 
number 
of rows to be refreshed. 


% Overhead 
= Derating 
factor 
that estimates 
the number 
of missed 
refresh 
requests 
(typically 
1-5%). 


Figure 10. Equation to Calculate Refresh Interval 


BH 
15 
14 
13 
12 
11 
10 
I E 
0 
0 
000 
9 
8 
7 
6 
5 
4 
3 
2 
0 


o 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ ~I 


T0- T8, Refresh 
request 
down counter 
clock count. These 
bits are read only and represent 
the current 
value of 


the counter. 
Any write operation 
to these 
bits is ignored. 
These 
bits are set to 0 on RESET or when the E bit is 
cleared. 


Reserved, 
should 
be written 
to as a 0 to maintain 
future 
compatibility, 
will always 
be read back 
as zero. 
E, enables 
the operation 
of the refresh 
control 
unit. Setting 
the E bit will automatically 
load the request 
down 
counter. 
Clearing 
the E bit stops 
refresh 
operation 
and clears 
the Down 
Counter. 


Bits 0-8: 


Bits 9-14: 
Bit 15: 


Figure 11. EDRAM Register Format 


The equation shown in Figure 10 can be used to deter- 
mine the value of the CDRAM register needed to estab- 
lish a desired refresh request rate. Note that the equa- 
tion is based on the internal operating frequency of the 
8OC186. Therefore, the request rate is effected by any 
change in operating frequency. Modification of the op- 
erating frequency can occur in two ways: modifying the 
input clock or entering power-save mode. There is no 
upper limitation as to the frequency of refresh requests 
(other than programming), but there is a lower limit. 
This lower limit is based on the fact that the request 
rate can be no faster than the time it takes to service the 
request. Subsequently, the minimum programming val- 
ue of the CDRAM register should be 18 (12H). 
It is 
very doubtful that this will ever become a problem 
when operating at normal frequencies, since the refresh 
rate of most dynamic memories is well above this mini- 
mum programming value. 


However, when making use of the power-save feature 
of the 8OC186,it is possible to lower the operating fre- 
quency such that it will prevent adequate refreshing 
rates. When operating at 12.5 MHz, dividing the clock 
by 16results in a cycle time of 1.28 microseconds. Since 
the minimum value of the CDRAM 
is 18, the mini- 


mum refresh rate is 23.04 microseconds. 23 microsec- 
onds is not fast enough to service most dynamic memo- 
ries. Therefore, caution must be exercised when using 
the power-save feature of the 8OC186.When there is a 
need to keep dynamic memory alive, the clock should 
not be divided much below 2 MHz to avoid monopoliz- 
ing the bus with refresh activity. If there is no desire to 
keep memory alive during power-save operation, then 
the refresh unit can simply be disabled during this time. 


Programming the Refresh Enable 
Register 


The EDRAM register (Figure 11) is used to enable and 4 
disable the refresh control unit. Furthermore, 
reading 
the register returns the current value of the down coun- 
ter. 


Setting the E bit enables the RCV and loads the value 
of the CDRAM register into the down counter. When- 
ever the E bit is cleared, the refresh control unit is 
disabled and the down counter is cleared. Disabling the 
refresh control unit does not change the contents of the 
refresh address counter (i.e. it is not cleared or initial- 
ized to any specific value). Thus, when the refresh unit 
is again enabled, the address generated will continue 
from where it left off. Resetting the 8OCl86 automati- 
cally clears the E bit. There are no refresh bus cycles 
during a reset. 


The current value of the down counter, as well as the 
present state of the E bit can be examined whenever the 
EDRAM register is read. Any unused bits will be re- 
turned as zero. Whenever the E bit is cleared, the TO 
through T8 bits will be read as zero. 


REFRESH CONTROL UNIT 
OPERATION 


Figure 12 illustrates the two major operational func- 
tions of the refresh control unit that are responsible for 
initiating and controlling DRAM refresh bus cycles. 
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Figure 12. Flowchart 
of RCU Operation 


The down counter is loaded (with the contents of the 
CDRAM register) on the falling edge of CLKOUT, 
either when the E bit is set or whenever the counter 
decrements to I. Once loaded, the down counter will 
decrement every falling edge of CLKOUT. It will con- 
tinue to decrement as long as the E bit remains set. 


When the down counter finally decrements to I, two 
things will happen. First, a request is generated to the 
BIU to run a refresh bus cycle. The request remains 
active until the bus cycle is run. Second, the down 
counter is reloaded with the value contained in the 
CDRAM register. At this time, the down counter will 
again begin counting down every clock cycle, it does 
not wait until the request has been serviced. This is 
done to ensure that each refresh request occurs at the 
correct interval. Otherwise, if the down counter only 
started after the previous request were service, the time 
between refresh requests would also be a function of 
bus activity, which for the most part is unpredictable. 
When the 'BIU services the refresh request, it will clear 
the request and increment the refresh address. 


80C 188 Address Considerations 


The physical address that is generated during a refresh 
bus cycle is shown in Figure 7, and it applies to both 
the 80CI86 and 8OC188.For the 80C188, this means 
that the lower address bit AO will not toggle during 
refresh operation. Since the 80CI88 has an 8-bit exter- 
nal bus. AOis used as part of memory address decod- 
ing. Whereas the 80C186, with its 16-bit external bus, 


uses AO (along with BHE) to select memory banks. 
Therefore, when designing 80CI88 memory subsystems 
it is important not to include AOas part of the ROW 
address that is used as a refresh address. Appendix A 
illustrates Memory Address Multiplexing Techniques 
that can be applied to the 8OCl86 and the 80C188. 


MISSING 
REFRESH 
REQUESTS 


Under most operating conditions,.the frequency of re- 
fresh requests is a small percentage of the bus band- 
width. Still, there are several conditions that may pre- 
vent a refresh request from being serviced before anoth- 
er request is generated. These conditions include: 
I) LOCKED Bus Cycles 
2) Long Bus accesses (wait states) 
3) Bus HOLD 


LOCKED Bus Cycles 


Whenever the bus is LOCKED, the CPU maintains 
control of the BIU and will not relinquish it until the 
locked operation is complete. Therefore, internal opera- 
tions like refresh and DMA are not allowed to execute 
until the LOCKED instruction has completed. Where 
this presents the greatest problem is when an instruc- 
tion such as a move string is executed, and is locked. 
The move string instruction can take from several 
clocks to hundreds of thousands of clocks to complete. 
Obviouslyanything that takes longer than 512 clocks to 
complete will always cause a refresh overflow. 
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Care should be taken not to generate long executing 
instructions that require bus accesses and are locked. 
The refresh request interval can be shortened to com- 
pensate for missing requests. 


Long Bus Accesses 


The 80CI86 does not provide any mechanism to abort 
or terminate a bus access in the event ready is not re- 
turned within a specified amount of time (the 8OCl86 
will infinitely wait for ready). Therefore, if a bus access 
is in progress when a refresh request is generated, the 
bus access must complete before the request will be 
serviced. 


Bus HOLD 


Special consideration is given when a refresh request is 
generated and the 80CI86 is currently being held off 
the bus due to a HOLD request. 


When another bus master has control of the bus, the 
HLDA signal is kept active as long as the HOLD input 
remains active. If a refresh request is generated while 
HOLD is active, the 8OCl86 will remove (drive inac- 
tive) the HLDA signal to indicate to the other bus mas- 
ter that the 8OCl86 wishes to regain control of the bus 
(see Figure 13). If, and only if, the HOLD input is 
removed will the BIU begin to run the refresh bus cy- 
cle. 


Therefore, it is the responsibility of the system designer 
to ensure that the 80C186can regain the bus if a refresh 
request is signaled. The sequence of HLDA going inac- 
tive while HOLD is active can be used to signal a pend- 
ing refresh request. HOLD need only go inactive for 


one clock period to allow the refresh bus cycle to be 
run. If HOLD is again asserted, the 8OCl86 will give 
up the bus after the refresh bus cycle has been run 
(provided there is not another refresh request generated 
during that time). 


EFFECTS 
OF MISSING 
REFRESH 
REQUESTS 


If a refresh request has not been serviced before another 
request is generated, the new request is not recorded 
and is lost. For instance, if the interval between refresh 
request is 15 microseconds and one request is lost, then 
the time between two requests will be 30 microseconds 
when the next request is finally serviced. In this exam- 
ple, missing one request will add 15 /-I.sto the total 
refresh time. If it is anticipated that refresh requests 
may be missed (due to programming or system opera- 
tion), then the refresh request interval should be short- 
ened to allow for missed requests. 


Since the BIU is responsible for maintaining the refresh 
address counter, missing a refresh requests does not im- 
ply that refresh addresses are skipped. In fact, an ad- 
dress can never be skipped unless a reset occurs. 


CONCLUSION 


The Internal Refresh Control Unit of the 8OCl86 and 
8OCl88 helps solve three issues concerning DRAM re- 
freshing: a way to generate periodic refresh requests; a 
way to generate refresh addresses; a way to simplify 
DRAM memory controllers. Once a memory controller 
has been designed to handle the simple tasks of reading 
and writing the task of refreshing has already been built 
in. 
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NOTES: 
1. System 
generates 
HOLD 
request. 


2. HLDA 
is returned 
and 80C186 
floats 
bus/control. 


3. Refresh 
request 
is generated 
internal 
to 80C186. 
4. 80C186 
lowers 
(removes) 
HLDA to signal that it wants 
the bus back. 
5. 80C186 
waits 
until 
HOLD 
is lowered 
(removed) 
for at least 
1 clock 
cycle 
(minimum 
HOLD 
setup 
and 
hold time) 
to 
execute 
the refresh 
bus cycle. 
If HOLD is never 
lowered, 
the 80C186 
will not take over the bus. 


6. 80C186 
runs the refresh 
bus cycle. 
7. HOLD can be again asserted 
after the 1 clock 
duration. 
8. The refresh 
request 
is cleared 
after the bus cycle 
has been executed. 
9. If HOLD was again asserted, 
the 80C186 
will immediately 
relinquish 
the bus back. 
If no HOLD occurred, 
normal 
CPU 
operation 
will resume. 


Figure 13. HOLD/HLDA 
Timing and Refresh 
Request 
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APPENDIX 
A 
TYPICAL 
DRAM ADDRESS GENERATION 
CONSIDERATIONS 
FOR 80C186/80C188 


80C186 
DESIGNS 


Row Address 
Column Address 
(AO-AX) 
(AO-AX) 


64Kx 
1 
(128K Bytes) 
A1-A8 
A9-A16 
16Kx4 
(32K Bytes) 
A1-A8 
A9-A14 


256K x 1 
(512K Bytes) 
A1-A9 
A10-A18 
64Kx4 
(128K Bytes) 
A1-A8 
A9-A16 
1M x 1 
(2M Bytes) 
A1-A10 
A11-A19(+ 
Bank) 
256Kx4 
' (512K Bytes) 
A1-A9 
A10-A18 


80C188 
DESIGNS 


NOTE: 
Address 
bit AO can be used in either 
RAS 
or CAS addresses, 
so long as it is not included 
in any refresh 
address 


bits, 


Row Address 
Column Address 
(AO-AX) 
(AO-AX) 


64Kx 
1 
(64K Bytes) 
A1-A?, 
AO 
A8-A15 
16Kx4 
(16K Bytes) 
A1-A?, 
AO 
A8-A13 
256K x 1 
(256K Bytes) 
A1-A8,AO 
A9-A1? 
64Kx4 
(64K Bytes) 
A1-A8 
AO, A9-A15 
1M x 1 
(1M Byte) 
A1-A9,AO 
A10-A19 
256K x 4 
(256K Bytes) 
A1-A9 
AO, A10-A1? 


RAM Type 
RASAdd 
CAS Add 
Refresh Add 


64Kx 
1 
AO-A? 
AO-A? 
AO-A6 
16Kx4 
AO-A? 
AO-A5 
AO-A6 
256K x 1 
AD-A8 
AD-A8 
AO-A? 
64K x'4 
AO-A? 
AO-A? 
AO-A? 
1M x 1 
AO-A9 
AD-A9 
AD-A8 
256K x4 
AD-A8 
AD-A8 
AO-A8 
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In many low-cost 80186/80188 designs, dynamic mem- 
ory offers an excellent cost/performance 
advantage. 
However', DRAM interfacing is often complicated by 
the need to perform memory refreshing. This applica- 
tion brief describes how to use the Timer and DMA 
functionality of the 80186/80188 to perform memory 
refresh. 


THEORY 
OF OPERATION 


Dynamic RAM refreshing is accomplished by strobing 
a ROW address to every ROW of the DRAM within a 
given period of time. One way to do this is to perform 
periodic sequential reads to the DRAM using a DMA 
controller and a Timer. This can be achieved with the 
80186/188 by Programming Timer 2 and one of the 
DMA 
channels such that 
the timer generated one 
DMA 
cycle approximately 
every 15 micro-seconds. 


Please note that this is a single row refresh method and 
not a burst refresh. Single row refreshing reduces the 
bus overhead considerably when compared to burst re- 
freshing. 


The control logic of the DRAM is such that a RAS 
(row address strobe) occurs on every memory read, re- 
gardless of the address. This is necessary because the 
DMA channel is cycling through the entire I MByte 
address space and the address of the refresh cycle does 
not always fall within the range of the DRAM.bank. 


Although 
the address may be outside the DRAM 
range, the lower address bits continue to change and 
roll over to provide the row address. 


READY 
LOGIC WITH 
MEMORY 
. 


Since the DMA controller is cycling through the entire 
I MByte address space, care must be taken to ensure 
that a READY signal is available for all addresses. One 
way to do this is to use only the internal wait state 
generator for memory areas and to strap the SRDY and 
ARDY pins HIGH. Whenever a refresh cycle occurs 
outside of a predefined internal wait state area, the ex- 
ternal ready pins, which are active HIGH, will com- 
plete the bus cycle. 


If it is necessary to use the external ready signals for 
certain memory regions, then it will be necessary to add 
logic which will generate a ready signal whenever the 
address of a refresh cycle falls where there is no memo- 
ry. This can easily be accomplished by either decoding 
a couple of high order address lines, or by AND-ing 


all the chip selects so that READY goes active whenev- 
er all the memory chip selects are inactive (i.e. the cycle 
is not in a valid memory region). 


BUS OVERHEAD 


The absolute maximum overhead can be calculated at a 
given speed by taking the number of refresh cycles di- 
vided by the total number of bus cycles for a given 
period of time. At 8 MHz these values can be calculat- 
ed as follows: 


2 bus cycles 
x 100 = 6.6% 
maximum 
overhead 
15.2 ,,"s/500 
ns 


In reality, the bus overhead associated with the DMA 
cycles is much lower due to the instruction prefetch 
queue. When a DMA cycle is requested by the timer for 
a refresh cycle, the Bus Interface Unit honors the re- 
quest on the next bus cycle boundary (with the excep- 
tion of LOCKed bus cycles and odd aligned accesses). 
Typically this time is idle time on the bus and the im- 
pact on the overall performance is extremely small. The 
following table shows more realistic data which was 
acquired by running 6 different benchmarks with and 
without the DMA channel enabled to provide refresh 
every 15.2JLs. 


BENCHMARK 
RESULTS 
@ 8 MHz 


Minimum 
Maximum 
Average 


80186 
1.3% 
5.9% 
2.5% 
80188 
2.4% 
6.5% 
3.4% 


The programs which showed the highest bus overhead 
tended to be very bus intensive. Also note that at faster 
frequencies the bus overhead becomes even less. 


DMA OPERATION 


The DMA controller is programmed to be source syn- 
chronized with the TC (transfer count) bit cleared. This 
ensures that the DMA controller never reaches a final 
count. 
The 
source 
pointer 
continues 
to increment 
through memory on every cycle. When FFFFFH 
is 
reached, the address rolls over to OOOOOH 


The programming values for the DNA registers are 
shown in Figure 1. The source pointer may be initial- 
ized to any location since the starting location of the 
refresh is arbitrary. 
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The value of the Transfer Count register is also arbi- 
trary since the TC bit is not set. The DMA channel will 
continue to run cycles upon request from Timer 2 even 
after the Transfer Count register has reached zero. 
Once zero is reached, the Transfer Count register will 
roll over to FFFFH and continue to count down. 


The destination pointer may be set to any available 
memory or I/O location. This pointer must be set so 
that it neither increments nor decrements. Otherwise, 
the address of the deposit cycle would cycle through 
memory or I/O doing writes which could possibly be 
destructive. Thus the INC and DEC bits of the control 
register should be cleared. 


CAH '-:-~ 
__ -+""'j",.. __1_1....,.1 
j,.,1_1..1..11 
.--\ 
CONTROL WORD 


'-----H~GH 
PRIORITY 
'---------00 
NOTINTERRUPT 
'----------00 
NOTSTOPONTER~INALCOUNT 
----------SOURCE 
= ~E~ORY(INCRE~ENT) 
------------DESnNAnON=l/o 
(NO INC/DEC) 


1 
r 


SOURCESYNCHRONIZED 
.----- 
ACCEPTn~ER REQUEST 
r-- PROGRA~ANDSTART 
+ 
r+ 
WORDTRANSFER 
,---,. ,---,. 
,..-....,t 
543210 


15 
87 
0 


C6H I'---~~=~--:"=:l.:i 
=XXXX:::-=-=-I 
C4H ' - 
AVAILABLE 
I/O 
LOCATION 
.-- 
DESTINATION POINTER 


I 


15 
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C2H~~~~~~~~~~1 
COH I 
.-- 
SOURCE POINTER 


87 


NOTES: 
1. Locations of registers are relative to the base address of the peripheral control block. The offsets shown are for 
ChannelO. 
2. The byte/word bitis a don't care in a 80188 system. Ina 80186 system this bitshould be set to a 1 to represent word 
transfers. 
3. The transfer count register is located at offset C8H.It is not necessary to program this register. 


Figure 1. DMA Registers 
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TIMER 
OPERATION 
When setting the count value of the timer, keep in mind 
the timer clock is operating at one-fourth the CPU 
clock frequency. Thus, the equation for setting the tim- 
er count is: 
Timer 2 must be programmed to generate a DMA re- 
quest every time a row must be refreshed. Since we are 
not using a burst refresh, the refresh time is divided up 
evenly among the number of rows. For a 2 ms refresh 
DRAM with 128 rows, the time between rows equals 
15.62 microseconds. 


(CPU CLOUT FREQ) x (Time Between 
ROWS) 


4 
= COUNT_VALUE 
(decimal) 


For an 8 MHz clock, programming 
the Maximum 
Count Register to IEH provides a 15.2 JJ.srefresh. This 
programming is indicated in Figure 2. 


15 
87 
0 


66H 1111101 DON'T CARES 
1010101011I"-IMODE/CONTROL 
WORD I 
'--..--' 
1f 


1 


L. 
CONTINUOUS OPERATION 
'----- 
00 
NOT ALTERNATE 
'----- 
INTERNAL CLOCKING 


'-------------- 
00 NOT INTERRUPT 
'---------------- 
START OPERATION 


15 
87 
0 


62H _ 
"-1 
MAX COUNT A REGISTERI 
270524-2 


Figure 2. Timer 2 Registers 
Programmed 
for a 15.2 JJ.sRefresh 
at 8 MHz 
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EXAMPLE 
1: 
DRAM CONTROL 
WITH 
A DELAY 
LINE 


er to the DRAM. This address consists of AO through 
A7. The B address (A8 through A16) is selected when 
MUX goes LOW. The system shown in Figure 3 repre- 
sents that of an 80188 system. 


This is the most straight forward way of implementing 
the RAS and CAS logic. A RAS signal is generated by 
either RD or WR going active while the address is 
within the corresponding range. Normally the logic for 
RAS would also go active for a refresh cycle status, but 
since 
this 
information 
is 
not 
available 
on 
the 


80186/80188, a RAS must be generated for every RD 
and WR, regardless address. 


The MUX signal is used to change from the RAS ad- 
dress to the CAS address after latching with RAS. This 
is accomplished by using a delay line which generates a 
MUX signal by a fixed number of nano-seconds after 
RAS is generated. The important timing here is the 
necessary hold 
time for the row address 
into the 


DRAM. 


For an 80186 system, the A address would start at AI. 
The least significant address line AO along with BHE 
would be used to decode WE into WEH and WEL 
which will be shown in the second example. Also, the 
186 DMA must be set to do word transfers so that the 
address is incremented by 2 after each refresh cycle. 
This is necessary to ensure AI increments by 1 every 
refresh cycle. 


CAS is generated in the same manner by delaying the 
MUX signal a fixed number of nano-seconds. Typically 
CAS goes inactive at the same time as RAS to ensure a 
valid CAS precharge time before the next DRAM ac- 
cess. The 80186/188 chip selects are used to ensure that 
CAS only goes active when the address falls within the 
DRAM bank range, and to ensure that CAS does not 
go active during I/O cycles. 
The MUX signal is initially HIGH which sends the A 
side (see Figure 3) Row address through the multiplex- 
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Figure 3. Using A Delay Line for DRAM Control 
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EXAMPLE 
2: 
DRAM CONTROL 
WITH 
A PAL * 


refresh when the refresh address falls outside of the 
DRAM bank and also a refresh to both banks simulta- 
neously so that the frequency. of the refresh can be set 
for the number of rows in one bank of DRAM. 
This design uses a PAL to generate all the control logic 
for the DRAM array. Internal feedback is used on the 
signals to control the timing and states of the RAS, 
MUX and CAS signals. 
The UCS (Upper Chip Select) from the 80186/188 is 
used to disable DRAM signals when the processor is 
attempting 
to access upper memory control 
ROM. 


Thus the portion of memory used by the UCS (maxi- 
mum 256k) is unavailable in the upper DRAM. How- 
ever, the RAS signal must still be allowed during UCS 
access to ensure refreshing when the DMA refresh cy- 
cle occurs in the UCS region. 


This design uses 256k X 4 DRAMs. With minor chang- 
es to the PAL equations this design could just as easily 
make use of 64k X 1, 64k X 4, or 256k X 1 DRAMs. 


The RAS signal is generated off ALE going LOW, bus 
cycle status active, and PRE_RAS 
being active. The 


PRE_RAS 
signal is necessary to ensure that a RAS is 


not accidentally generated when S2-S0 are becoming 
valid and ALE has not yet gone HIGH in T4 phase 2. 
PRE_RAS 
does not go active until ALE has gone 


HIGH. 


MUX is generated off T2 phase 1 and RAS active. 
MUX will remain low until the current RAS signal 
goes inactive during T3 phase 2. 


CASO and CASl are generated off MUX being active 
and T2 phase 2 of the bus cycle. CAS goes inactive at 
the start of T4 phase 2. 
RAS is initiated for every memory read and write re- 
gardless of the bus cycle address. This ensures a row 


ADDRESS 
MULTIPLEXERS 


A 


...c::;:;- 
ORAM ADDRESS 
(A8 -AD) 
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LS157 
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I 
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COL 


Al0-18'" T 
(2)256KX4 
(2)256KX4 


I 


RASe 
RASe 
CASe 
CASO 
~ 
, ....Ii. 
WEH 
WEL 
MUX 
015-8 
••• 
~ 
07-0 


RAS 
1 
1 
--¥ 
CASO 
~--1!B 
A19 
~ 
16L8 
PAL 
CASl 
(2)256KX4 
(2)256KX4 
~ 
PRE 
RASN•C. 
, 


~ 
WEH 
---. 
RASl 
RASl 
~ 
CASl 
CAS 1 
WEH 
WEL 
--!!.!:!f 
WEL 
••• 
•• 
015-8 
07-0 


LATCHED 
A19 
HIGH 
BYTE 
LOW 
BYTE 


.•• DATA 
<15:8> 
... 


~ DATA 
<7:0> 
... 
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Figure 4. Using a PAL for DRAM Control 


• PAL" 
is a registered 
trademark 
of Monolithic 
Memories. 
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ADDRESS 


DRAW 
ADDRESS 


RD DATA 


TW) 


ALE 


r r 
I 
, 
I 
, 
I 
, 
I 
\ 
\ 
J 


_TCLAV-tJ 
f------ TC~CL 


ADDRESS VALID 
X 
VALID DA A 
(WRITE C 
LE) 


.Li!lV 
,""" 
"" 
I/~/ 


\.~\. 
STATUS VALID 
If!f!MI 
\.~\. 


I\.~\. 
1hf!iY1 


- 


TCVCTV 
TCVCTX 


1\\@\\. 
IIWI. '1111 


I"\'~'" 


~. 
~ 


IX III 
ROW xm 
COLUWN 
X 


\.w,.\. 
I 
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t::: 
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, 
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Figure 5. Timing Diagram 
for PAL DRAM Controller 
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IVIUA 
HA~' 
l.'LK. + 
RAS' 
MUX 


A 19 • MUX • ClK 
• RAS + 
CASO' 
RD + 
CASO' 
WR + 
CASO' 
ClK 


A19 'UCS' 
MUX' 
ClK' 
RAS + 


CAS1 • AD + 
CAS1 • WA + 
CAS1 • ClK 
WR'Al5 
WR' SHE 


TIMING 
EQUATIONS 


8MHz 
10MHz 


TCLAV 
55 
50 
TCHlH 
35 
30 
TCHll 
35 
30 
TCHSV 
55 
45 
TClSH 
65 
50 
TClRl/TCVCTV 
70 
56 
TClRH 
55 
44 
TDVCl 
20 
15 


The following equations are with reference to given 
clock edge. The edge in reference is indicated by the 
first element in the equation: T3 i = rising edge of T3 
clock J.. T1 = falling edge of T1 clock. 


DELAY 1 = T1 i + TCHll 
+ (PAL DELAY) 


DELAY 2 = 
J.. T2 + (PAL DELAY) 
DELAY 3 = T2 i + (PAL DELAY) 
DELAY 4 = 
J.. T1 + (PAL DELAY) 
DELAY 5 = 
J.. T3 + TClSH 
+ (PAL DELAY) 


DELAY 6 = 
J.. T1 + TCLAV + (MUX DELAY) 


DELAY 7 = 
J.. T2 + DELAY 2 + (MUX DELAY) 


ACCESS TIME FROM RAS = 2.5 (TCLCL)-DELAY 
1 
-TDVCL 
ACCESS TIME FROM CAS 
1.5 (TCLCL)-DELAY 
3 


-TDVCL 
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1.0 INTRODUCTION 


High speed digital signals are frequently encountered in 
modem control applications. In addition, there is often 
a requirement for high speed 16-bit and 32-bit precision 
in calculations. The MCS@-96product line, generically 
referred to as the 8096, is designed to be used in appli- 
cations which require high speed calculations and fast 
I/O operations. 


The 8096 is a 16-bit microcontroller 
with dedicated 
I/O subsystems and a complete set of 16-bit arithmetic 
instructions including multiply and divide operations. 
This Ap-note will briefly describe the 8096 in section 2, 
and then give short examples of how to use each of its 
key features in section 3. The concluding sections fea- 
ture a few examples which make use of several chip 
features simultaneously and some hardware connection 
suggestions. Further information on the 8096 and its 
use is available from the sources listed in the bibliogra- 
phy. 


2.0 8096 OVERVIEW 


2.1. General Description 


Unlike microprocessors, microcontrollers are generally 
optimized for specific applications. Intel's 8048 was op- 
timized for general control tasks while the 8051 was 
optimized for 8-bit math and single bit boolean opera- 
tions. The 8096 has been designed for high speed/high 
performance control applications. Because it has been 
designed for these applications the 8096 architecture is 
different from that of the 8048 or 8051. 


There are two major sections of the 8096; the CPU 
section and the I/O section. Each of these sections can 
be subdivided into functional blocks as shown in Figure 
2-1.' 


vss 
VPO 
XTAL' 
XTAL 2 
CLKOUT 
--~--- ------ --------------, 


CLOCK 
Pl REG 


GEN 
ON-CHIP 


ROM 
• 
A·8US 


YAEF 


ANGHO 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
IL 
_ 


EA 
ALE 
lIME 
AD 
Wii 
READY 
I---.---+--i~ 
RESET 


270061-1 


• 


PI 
P21 ALT. 
FUNCTIONS 
POACH 


INST. 
REG. 


RALU 


DATA 


HS1 
HSO 


Figure 
2-1. 8096 Block 
Diagram 
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2.1.1. CPU SECTION 
In the lower 24 bytes of the register file are the register- 
mapped 
I/O 
control 
locations, 
also called 
Special 
Function Registers or SFRs. These registers are used to 
control the on-chip I/O features. The remaining 232 
bytes are general purpose RAM, the upper 16 of which 
can be kept alive using a low current 
power-down 
mode. 


The CPU of the 8096 uses a 16-bit ALU which operates 
on a 256-byte register file instead of an accumulator. 
Any of the locations in the register file can be used for 
sources or destinations for most of the instructions. 
This is called a register to register architecture. Many 
of the instructions can also use bytes or words from 
anywhere in the 64K byte address space as operands. A 
memory map is shown in Figure 2-2. 


85535 


00 


EXTERNAL 
MEMORY 
RESERVED 
FOR USE BY INTEL 
DEVELOPMENT 
SYSTEMS 
(WHEN ACCESSED 
AS 
PROGRAM 
MEMORY) 


2511 
255 


EXTERNAL 
MEMORY 
OR 
1i0 


INTERNAL 
PROGRAM 
STORAGE 
ROM 


FACTORY 
TEST CODE 


8 
INTERRUPT 
f 


VECTORS 
0 


PORT 4 
PORT 3 


EXTERNAL 
MEMORY 
OR 
1/0 


INTERNAL 
RAM 


REGISTER 
FILE 
STACK POINTER 
SPECIAL 
FUNCTION 
REGISTERS 
(WHEN ACCESSED 
AS 
DATA MEMORY) 


FFFFH 


16314 
4000H 


8320 
2060H 
- 
RESET 


8210 
2012H 


81'2 
2000H 


81to 
lFFEH 


0100H 
OOFFH r---------------------~2" 


ooooH 
~ 
~OO 
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Figure 
2-2. Memory 
Map 
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lAH 
•..•1 
--'126 


19H 


18H 


17H 


16H 


lSH 


14H 
13H 
12H 


llH 


10H 


OFH 


OEH 


ODH 


OCH 


OBH 


OAH 


09H 


08H 


07H 


06H 


OSH 


04H 


03H 


02H 


01H 


OOH 


STACK 
POINTER 


10Sl 


10SO 


RESERVED 


SP_STAT 


10 PORT 2 


10 PORT 
1 


10 PORT 0 


TIMER2 
(HI) 


TIMER2 
(LO) 


TIMERl 
(HI) 


TIMERl 
(LO) 


INT_PENDING 


INT_MASK 


SBUF (RX) 


HSLSTATUS 


HSLTIME 
(HI) 


HSLTIME 
(LO) 


AD_RESULT 
(HI) 


AD_RESULT 
(LO) 


RO (HI) 


RO (LO) 


STACK 
POINTER 


PWM_CONTROL 


10Cl 


lOCO 


RESERVED 


SP_CON 


10 PORT 2 


10 PORT 1 


BAUD_RATE 


RESERVED 


WATCHDOG 


INT_PENDING 


INT_MASK 


SBUF (TX) 


HSO_COMMAND 


HSO_TIME 
(HI) 


HSO_TIME 
(LO) 


HSLMODE 


AD_COMMAND 


RO (HI) 


RO (LO) 


(WHEN READ) 


Figure 2-3: SFR Layout 


(WHEN WRITTEN) 
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23 


22 


21 


20 
19 
18 


17 


16 


15 


14 


13 


12 


11 


10 
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Many of the 1/0 features on the 8096 are designed to 
operate with little CPU intervention. A list of the major 
1/0 functions is shown in Figure 2-4. The Watchdog 
Timer is an internal timer which can be used to reset 
the system if the software fails to operate properly. The 
Pulse-Width-Modulation 
(PWM) output can be used as 
a rough D to A, a motor driver, or for many other 
purposes. The A to D converter (ADC) has 8 multi- 
plexed inputs and lO-bit resolution. The serial port has 
several modes and its own baud rate generator. The 
High Speed 1/0 section includes a l6-bit timer, a l6-bit 
counter, a 4-input programmable edge detector, 4 soft- 
ware timers, and a 6-output programmable event gener- 
ator. All of these features will be described in section 
2.3. 


2.2. The Processor Section 


2.2.1. OPERATIONS 
AND 
ADDRESSING 
MODES 


The 8096 has 100 instructions, some of which operate 
on bits, some on bytes, some on words and some on 
longs (double words). All of the standard logical and 
arithmetic 
functions are available for both byte and 
word operations. Bit operations and long operations are 
provided for some instructions. There are also flag ma- 
nipulation instructions as well as jump and call instruc- 
tions. A full set of conditional jumps has been included 
to speed up testing for various conditions. 


Bit operations are provided by the Jump Bit and Jump 
Not Bit instructions, as well as by immediate masking 
of bytes. These bit operations can be performed on any 
of the bytes in the register file or on any of the special 
function registers. The fast bit manipulation 
of the 
SFRs can provide rapid I/O operations. 


A symmetric set of byte and word operations make up 
the majority of the 8096 instruction set. The assembly 
language for the 8096 (ASM-96) uses a "B" suffix on a 
mnemonic to indicate a byte operation, without this 
suffix a word operation is indicated. Many of these op- 
erations can have one, two or three operands. An exam- 
ple of a one operand instruction would be: 


NOT 
Value1; 
Value1: 
= 1's complement (Value1) 


A two operand instruction would have the form: 


ADD 
Value2,Value1; 
Value2: 
= Value2 + Value1 


A three operand instruction might look like: 


MUL 
Value3,Value2,Value1; 
Value3 : = Value2· Value1 


The three operand instructions combined with the reg- 
ister to register architecture almost eliminate the neces- 
sity of using temporary registers. This results in a faster 
processing time than machines that have equivalent in- 
struction execution times, but use a standard architec- 
ture. 


Long (32-bit) operations include shifts, normalize, and 
multiply and divide. The word divide is a 32-bit by 16- 
bit operation with a l6-bit quotient and l6-bit remain- 
der. The word multiply is a word by word multiply 
with a long result. Both of these operations can be done 
in either the signed or unsigned mode. The direct un- 
signed modes of these instructions take only 6.5 micro- 
seconds. A normalize instruction 
and sticky bit flag 
have been included in the instruction 
set to provide 
hardware support for the software floating point pack- 
age (FPAL-96). 


Major 1/0 FunctIons 


High Speed Input Unit 
Provides Automatic 
Recording 
of Events 


High Speed Output Unit 
Provides Automatic 
Triggering 
of Events and Real-Time 
Interrupts 


Pulse Width Modulation 
Output to Drive Motors or Analog Circuits 


A to D Converter 
Provides Analog 
Input 


Watchdog 
Timer 
Resets 8096 if a Malfunction 
Occurs 


Serial Port 
Provides Synchronous 
or Asynchronous 
link 


Standard 
1/0 lines 
Provide Interface 
to the External World when other Special 
Features 
are not needed 


Figure 
2-4. Major 1/0 Functions 
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Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D - 
D+A 
'" 
'" 
'" 
'" 
r 
- 


ADD/AOOB 
3 
0- 
B+A 
'" 
'" 
'" 
'" 
t 
- 


AODC/AOOCB 
2 
0- 
0 + A +C 
i 
'" 
'" 
'" 
r 
- 


SUB/SUBB 
2 
0- 
O-A 
'" 
'" 
'" 
'" 
r 
- 


SUB/SUBB 
3 
0- 
B-A 
'" 
'" 
'" 
'" 
r 
- 
SUBC/SUBCB 
2 
0-D-A+C-1 
i 
'" 
'" 
'" 
r 
- 


CMP/CMPB 
2 
D-A 
'" 
'" 
'" 
'" 
r 
- 
MUL/MULU 
2 
D,O + 2 - 
0' 
A 
- 
- 
- 
- 
- 
? 
2 


MUL/MULU 
3 
0,0 
+ 2 - 
B' A 
- 
- 
- 
- 
- 
? 
2 


MULB/MULUB 
2 
0,0 
+ 1 - 
O'A 
- 
- 
- 
- 
- 
? 
3 


MULB/MULUB 
3 
0,0 
+ 1 - 
B' A 
- 
- 
- 
- 
- 
? 
3 


DIVU 
2 
o - 
(0, 0 + 2)/ A, 0 + 2 - 
remainder 
- 
- 
- 
'" 
t 
- 
2 


OIVUB 
2 
D - 
(0,0+ 
1)/A, 0 + 1 - 
remainder 
- 
- 
- 
'" 
t 
- 
3 


OIV 
2 
o - 
(0, D + 2)/ A, 0 + 2 - 
remainder 
- - - 
? 
t 
- 
2 


OIVB 
2 
o - 
(0, D + 1)/A, 0 + 1 - 
remainder 
- 
- 
- 
? 
r 
- 
3 


ANO/ANOB 
2 
0- 
DandA 
'" 
'" 
0 
0 
- 
- 
ANO/ANOB 
3 
0- 
BandA 
'" 
'" 
0 
0 
- 
- 
OR/ORB 
2 
0- 
OorA 
'" 
'" 
0 
0 
- 
- 


XOR/XORB 
2 
D - 
o (excl. or) A 
'" 
'" 
0 
0 
- 
- 
LO/LOB 
2 
D-A 
- 
- 
- - 
- 
- 
ST/STB 
2 
A-D 
- 
- 
- - 
- 
- 
LOBSE 
2 
0-A;0+1 
- 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 


LOBZE 
2 
0-A;0+1 
-0 
- 
- 
- 
- 
- 
- 
3,4 


PUSH 
1 
SP - 
SP - 2; (SP) - 
A 
- 
- 
- 
- 
- 
- 
POP 
1 
A - 
(SP);SP - 
SP + 2 
- 
- 
- 
- 
- 
- 
PUSHF 
0 
SP - 
SP - 2; (SP) - 
PSW; 
0 
0 
0 
0 
0 
0 
PSW - 
OOOOH 
1- 
0 


POPF 
0 
PSW - 
(SP); SP - 
SP + 2; 
1-", 
'" 
'" 
'" 
'" 
'" 
'" 
SJMP 
1 
PC - 
PC + t t-bit offset 
- 
- 
- 
- 
- 
- 
5 


LJMP 
1 
PC - 
PC + 16-bit offset 
- 
- 
- 
- 
- 
- 
5 


BR (indirect) 
1 
PC - 
(A) 
- 
- 
- 
- 
- 
- 
SCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC - 
PC + 11-bit offset 
LCALL 
1 
SP - 
SP - 2; (SP) - 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC - 
PC + 16-bit offset 


RET 
0 
PC - 
(SP);SP - 
SP + 2 
- 
- 
- 
- 
- 
- 
J (conditional)' 
1 
PC - 
PC + a-bit offset (if taken) 
- 
- 
- 
- 
- 
- 
5 


JC 
1 
Jump ifC = 1 
- 
- 
- - 
- 
- 
5 


JNC 
1 
Jump ifC = 0 
- 
- 
- 
- 
- 
- 
5 


JE 
1 
Jump ifZ = 1 
- 
- - - 
- 
- 
5 


Figure 2-5. Instruction 
Summary 


NOTES: 
1. If the mnemonic ends in "B", a byte operation is performed, otherwise a word operation is done. Operands 0, B, and A 
must conform to the alignment rules for the required operand type. 0 and B are locations in the register file; A can be 
located anywhere in memory. 
2. D, D + 2 are consecutive WORDS in memory; 0 is DOUBLE-WORD aligned. 
3. D, D + 1 are consecutive BYTES in memory; D is WORD aligned. 
4. Changes a byte to a word. 
5. Offset is a 2's complement number. 
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Mnemonic 
Oper- 
Operation 
(Note 
1) 
Flags 
Notes 
ands 
Z 
N 
C 
V 
VT 
ST 


JNE 
1 
JumpifZ 
= 0 
- 
- 
- 
- 
- - 
5 


JGE 
1 
Jump if N = 0 
- - 
- 
- 
- 
- 
5 


JLT 
1 
Jump if N = 1 
- - - 
- 
- 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- - 
- 
- 
- 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- - 
- 
- 
- 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- - 
- 
- 
- 
- 
5 


JV 
1 
Jump if V = 1 
- 
- 
- 
- 
- 
- 
5 


JNV 
1 
Jump if V = 0 
- 
- 
- 
- 
- 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- - - - 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- 
- - - 
0 
- 
5 


JST 
1 
Jump if ST = 1 
- - - - 
- 
- 
5 


JNST 
1 
Jump if ST = 0 
- - - - 
- - 
5 


JBS 
- 
3 
Jump if Specified 
Bit = 1 
- 
- 
- 
- 
- 
- 
5,6 


JBC 
3 
Jump if Specified 
Bit = 0 
- - 
- - 
- 
- 
5,6 


OJNZ 
1 
o - 
0 - 
1; if D * 0 then 


PC - 
PC + 8-bit offset 
- 
- 
- 
- 
- 
- 
5 


OEC/DECB 
1 
0-0-1 
~ 
~ 
~ 
~ 
r 
- 


NEG/NEGB 
1 
0-0-0 
~ 
~ 
~ 
~ 
t 
- 


INC/INCB 
1 
0- 
0+ 
1 
~ 
~ 
~ 
~ 
r 
- 


EXT 
1 
o - 
0; 0 + 2 - 
Sign (D) 
~ 
~ 
0 
0 
- 
- 
2 


EXTB 
1 
o - 
D; D + 
1 - 
Sign (D) 
~ 
~ 
0 
0 - 
- 
3 


NOT/NOTS 
1 
o - 
Logical 
Not (D) 
~ 
~ 
0 
0 
- 
- 


CLR/CLRB 
1 
D-O 
1 
0 
0 
0 
- 
- 


SHL/SHLB/SHLL 
2 
C - 
msb-----Isb 
- 
0 
~ 
? 
~ 
~ 
r 
- 
7 


SHRISHRB/SHRL 
2 
0-+ 
msb-----Isb 
-+ 
C 
~ 
? 
~ 
0 
- 
~ 
7 


SHRA/SHRAB/SHRAL 
2 
msb 
-+ 
msb-----Isb 
-+ 
C 
~ 
.~ 
~ 
0 
- 
~ 
7 


SETC 
0 
C-1 
- 
- 
1 
- 
- 
- 


CLRC 
0 
C-O 
- 
- 
0 
- 
- 
- 


CLRVT 
0 
VT 
- 
0 
- 
- 
- 
- 
O· 
- 


RST 
0 
PC - 
2080H 
0 
0 
0 
0 
0 
0 
8 


01 
0 
Disable All Interrupts 
(I - 
0) 
- 
- 
- 
- 
- 
- 


El 
0 
Enable All Interrupts 
(I - 
1) 
- 
- 
- 
- 
- 
- 


NOP 
0 
PC-PC+1 
- 
- - - - 
- 


SKIP 
0 
PC-PC+2 
- 
- 
- 
- 
- 
- 


NORML 
2 
Left Shift Till msb = 1; 0 
- 
shift count 
~ 
? 
0 
- 
- 
- 
7 


TRAP 
0 
SP - 
SP - 
2; (SP) 
- 
PC 
PC - 
(2010H) 
- 
- 
- 
- 
- - 
9 


Figure 
2-5. Instruction 
Summary 
(Continued) 


NOTES: 
1. If the mnemonic 
ends 
in "B", 
a byte operation 
is performed, 
otherwise 
a word operation 
is done. 
Operands 
0, B, and A 


must 
conform 
to the 
alignment 
rules 
for the 
required 
operand 
type. 
0 and 
B are 
locations 
in the 
register 
file; 
A can 
be 


located 
anywhere 
in memory. 
5. Offset 
is a 2's complement 
number. 


6. Specified 
bit is one of the 2048 bits in the register 
file. 


7. The "L" 
(Long) 
suffix indicates 
double-word 
operation. 
8. Initiates 
a Reset 
by pulling 
RESET 
low. 
Software 
should 
re-initialize 
all the 
necessary 
registers 
with 
code 
starting 
at 


2080H. 
9. The assembler 
will not accept 
this mnemonic. 
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One operand of most of the instructions can be used 
with anyone 
of six addressing modes. These modes 
increase the flexibility and overall execution speed of 
the 8096. The addressing modes are: register-direct, im- 
mediate, indirect, indirect with auto-increment, 
and 
long and short indexed. 


mode. In this mode a 16-bit 2's complement value is 
added to the contents of a word register to form the 
address of the operand. By using the zero register as the 
index, ASM96 (the assembler) can accept "direct" ad- 
dressing to any location. The zero register is located at 
()()()()H and always has a value of zero. A short indexed 
mode is also available to save some time and code. This 
mode uses an B-bit 2's complement number as the offset 
instead of a 16-bit number. 


The fastest instruction execution is gained by using ei- 
ther register direct or immediate addressing. Register- 
direct addressing is similar to normal direct addressing, 
except that only addresses in the register me or SFRs 
can be addressed. The indexed mode is used to directly 
address the remainder of the 64K address space. Imme- 
diate addressing operates as would be expected, using 
the data following the opcode as the operand. 


2.2.2. ASSEMBLY 
LANGUAGE 


The multiple addressing modes of the 8096 make it easy 
to program in assembly language and provide an excel- 
lent interface to high level languages. The instructions 
accepted by the assembler consist of mnemonics fol- 
lowed by either addresses or data. A list of the mne- 
monics and their functions are shown in Figure 2-5. 
The addresses or data are given in different formats 
depending on the addressing mode. These modes and 
formats are shown in Figure 2-6. 
. 


Both of the indirect addressing modes use the value in a 
word register as the address of the operand. If the indi- 
rect auto-increment mode is used then the word register 
is incremented by one after a byte access or by two after 
a word access. This mode is particularly useful for ac- 
cessing lockup tables. 


Access to any of the locations in the 64K address space 
can be obtained by using the long indexed addressing 


Additional information on 8096 assembly language is 
available in the 
MCS-96 Macro 
Assembler 
Users 
Guide, listed in the bibliography. 


Mnem 
Mnem 
Mnem 


Mnem 
Mnem 
Mnem 


Dest or Src1 
Dest. Src1 
Dest. srct, Src2 


#Src1 
Dest. #Src1 
Dest, srct, #Src2 


; One operand direct 
; Twooperand direct 
; Three operand direct 


; One operand immediate 
; Twooperand immediate 
; Three operand immediate 


; One operand indirect 
; One operand indirectauto-increment 
; Twooperand indirect 
Twooperand indirectauto-lncremsnt 
; Three operand indirect 
; Three operand indirectauto-increment 


Mnem [addrj 
Mnem [addrj+ 
Mnem Dest. [addrj 
Mnem Dest. [addrj+ 
Mnem Dest. Src1, [addrj 
Mnem Dest. srct, [addrj+ 


Mnem Dest, ofts [addrj 
Mnem Dest, srct, ofts [addrj 
Where: "Mnem"is the instructionmnemonic 
"Dest" is the destination register 
"Src1", "Src2" are the source registers 
"addr" is a register containing a value to be used in computingthe address of an operand 
"ofts" is an oftset used in computingthe address of an operand 


; Twooperand indexed (short or long) 
Three operand indexed (short or long) 
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Figure 2·6. Instruction 
Format 
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SOURCE 
INTERRUPT 


,.--- 
IOC'.' 


EXTlNT 
~ 
EXTINT 
ACH.7 ----4 


TI FLAG 
SERIAL 
PORT 


RIFLAG~ 


,.--- 
HSO_COMMAND.4 


~ 
SOFTWARE 
TIMER 


SOFTWARE 
TIMER 
0 ~ 
SOFTWARE 
TIMER' 
SOFTWARE 
TIMER 
2 


SOFTWARE 
TIMER 
3 
RESET TIMER 
2· 


START 
AID CONVERSION· 


HSI.O 
HSI.O 


,.--- 
HS<U:OMMAND.4 


ANY HSO OPERATION 
--() 
~ 
HIGH SPEED 
OUTPUTS 


.----IOC'.7 


FIFO IS FULL 
~ 
HSI DATA AVAILABLE 
HOLDING 
REGISTER 
LOADED 
~ 


AID CONVERSION 
COMPLETE 
----------- 
AID CONVERSION 
COMPLETE 


r---1OC1.2 
I 
TIMER' 
OVERFLOW 
__ 
""00-----,--- 
TIMER OVERFLOW 


TlMER2 
OVERFLOW ---<> ')0>------' 
I 
·Only 
when 
Inlt •• t••• by tile 
HSO unit. 
L 
1OC'.3 
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2.2.3. INTERRUPTS 


Figure 2·7. Interrupt Sources 


The flexibility of the instruction set is carried through 
into the interrupt system. There are 20 different inter- 
rupt sources that can be used on the 8096. The 20 
sources vector through 8 locations or interrupt vectors. 
The vector names and their sources are shown in Fig- 
ure 2-7, with their locations listed in Figure 2-8. Con- 
trol of the interrupts is handled through the Interrupt 
Pending Register (INT_PENDING), 
the Interrupt 
Mask Register (INT_MASK), 
and the I bit in the 
PSW (PSW.9). Figure 2-9 shows a block diagram of the 
interrupt 
structure. 
The 
INT_PENDING 
register 
contains bits which get set by hardware when an inter- 
rupt occurs. If the interrupt mask register bit for that 
source is a I and PSW.9 = I, a vector will be taken to 
the address listed in the interrupt vector table for that 


Vector 
Location 
Source 
(High 
(LOW 
Priority 


Byte) 
Byte) 
Software 
2011H 
2010H 
Not Applicable 
Extint 
200FH 
200EH 
7 (Highest) 
Serial Port 
200DH 
200CH 
6 
Software Timers 
200BH 
200AH 
5 
HSI.O 
2009H 
2008H 
4 
High Speed 
2007H 
2006H 
3 
Outputs 
HSI Data 
2005H 
2004H 
2 
Available 
AID Conversion 
2003H 
2002H 
1 
Complete 
Timer Overflow 
2001H 
2000H 
o (Lowest) 


Figure 2·8. Interrupt Vectors and Priorities 
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source. When the vector is taken the INT_PENDING 
bit is cleared. If more than one bit is set in the INT_ 
PENDING register with the corresponding bit set in 
the INT_MASK 
register, the Interrupt with the high- 
est priority shown in Figure 2-8 will be executed. 


The software can make the hardware interrupts work in 
almost any fashion desired by having each routine run 
with its own setup in the INT_MASK 
register. This 
will be clearly seen in the examples in section 4 which 
change the priority of the vectors in software. The 


SOFTWARE 


TIMERS 
HSI.O 


5 


AID CONV. 


TIMER 


OVERFLOW 
o 


EXTlNT 
SERIAL 
PORT 


6 


TRANSITION 
DETECTOR 


INTERRUPT 
MASK 
REG. 


I--_~ 
(PSW.9) 


PRIORITY 
ENCODER 


INTERRUPT 
GENERATOR 


~BUS 
CONTROL 
UNIT 
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Figure 2-9. Interrupt Structure Block Diagram 
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Z is the zero Ilag. 
It is set when 
the result 
01 an operation 
is zero. 


N is the negative 
Ilag. 
It is set to the algebraically 
correct 
sign 01 the result 
regardless 
01 overflows. 


V is the overflow 
Ilag. 
It is set il an overflow 
occurs. 


VT is the overflow 
trap Ilag. 
It is set when 
the VT Ilag is set and cleared 
by JVT, JNVT, 
or CLRVT. 


C is the carry 
Ilag. 
It is set il a carry 
was generated 
by the prior 
operation 
.• 


I is the global 
interrupt 
enable 
bit. 


ST is the sticky 
bit. It is set during 
a right shift 
il a one was 
shifted 
into and then 
out 01 the carry 
Ilag. 


INT -MASK 
is the interrupt 
mask 
register 
and contains 
bits which 
individually 
enable 
the 8 interrupt 
vectors. 


Figure 
2-10. The PSW Register 


PSW (shown in Figure 2-10), stores the INT_MASK 
register in its lower byte so that the mask register can 
be pushed and popped along with the machine status 
when moving in and out of routines. The action of 
pushing flags clears the PSW which includes PSW.9, 
the interrupt enable bit. Therefore, after a PUSHF in- 
struction interrupts are disabled. In most cases an inter- 
rupt service routine will have the basic structure shown 
below. 


INT 
VECTOR: 


PUSHF 
LDB 
INT_MASK, #xxxxxxxxB 
El 


;Insert service 
routine 
here 


POPF 
RET 


The PUSHF instruction saves the PSW including the 
old INT_MASK 
register. The PSW, including the in- 
terrupt enable bit are left cleared. If some interrupts 
need to be enabled while the service routine runs, the 
INT_MASK 
is loaded with a new value and inter- 
rupts are globally enabled before the service routine 
continues. At the end of the service routine a POPF in- 


struction is executed to restore the old PSW. The RET 
instruction is executed and the code returns to the de- 
sired location. Although the POPF instruction can en- 
able the interrupts the next instruction will always exe- 
cute. This prevents unnecessary building of the stack by 
ensuring that the RET always executes before another 
interrupt vector is taken. 


2.3. On-Chip 1/0 Section 


All of the on-chip I/O features of the 8096 can be ac- 
cessed through the special function registers, as shown 
in Figure 2-3. The advantage of using register-mapped 
I/O is that these registers can be used as the sources or 
destinations of CPU operations. There are seven major 
I/O functions. Each one of these will be considered 
with a section of code to exemplify its usage. The first 
section covered will be the High Speed I/O, (HSIO), 
subsystem. This section includes the High Speed Input 
(HSI) unit, High Speed Output (HSO) unit, and the 
Timer/Counter 
section. 


2.3.1. TIMER/COUNTERS 


The 8096 has two time bases, Timer I and Timer 2. 
Timer 1 is a 16-bit free running timer which is incre- 
mented every 8 state times. (A state time is 3 oscillator 
periods, or 0.25 microseconds with a 12 MHz crystal.) 
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HSI TRIGGER 
OPTIONS 
HSI.O 
HSI.l 
HSI.2 
HSI.3 
L HI TO lO 


____ 
..Jr 
lO 
TO HI 


.J1.IUl.J1.I'L 


EVERY EIGHTH 
POSITIVE 


TRANSITION 


2.0 "S 
CLOCK 


TRIGGERED 


CHANGE 
INPUT(S) 


DETECTOR 


2O~17 
FIFO 


I. 


CURRENT 
STATUS 


• Pulse measurement with 2.0 p.sec resolution 
• Input transitions trigger the recording of the reference 
Timer (16-bit) and triggered input(s) (4-bit) 
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Figure 2-11. HSI Unit Block Diagram 


Its value can be read at any time and used as a refer- 
ence for both the BSI section and the BSO section. 
Timer 1 can cause an interrupt when it overflows, and 
cannot be modified or stopped without resetting the 
entire chip. Timer 2 is really an event counter since it 
uses an external clock source. Like Timer 1,it is 16-bits 
wide, can be read at any time, can be used with the 
BSO section, and can generate an interrupt when it 
overflows. Control of Timer 2 is limited to increment- 
ing it and resetting it. Specificvalues can not be written 
to it. 


Although the 8096has only two timers, the timer flexi- 
bility is equal to a unit with many timers thanks to the 
BSIO unit. The BSI enables one to measure times of 
external events on up to four lines using Timer 1 as a 
timer base. The BSO unit can schedule and execute 
internal events and up to six external events based on 
the values in either Timer 1 or Timer 2. The 8096 also 
includes separate, dedicated timers for the baud rate 
generator and watchdog timer. 


2.3.2. HSI 


The BSI unit can be thought of as a message taker 
which records the line which had an event and the time 
.at which the event occurred. Four types of events can 
trigger the BSI unit, as shown in the BSI block dia- 
gram in Figure 2-11. The BSI unit can measure pulse 
widths 
and 
record 
times 
of 
events 
with 
a 
2 


LOCATION O3H 


HSI.OMOOE 
L- 
HSI.l 
MODE 


L- 
HSI.2 MODE 


L- 
HSI.3 MODE 
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Where each 2-bit mode control field 
defines one of 4 possible modes: 


00 
8 positive transitions 
01 
Each positive transition 
10 
Each negative transition 
11 
Every transition (positive and negative) 


Figure 2-12. HSI Mode Register 
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microsecond resolution. It can look for one of four 
events on each of four lines simultaneously, based on 
the information in the HSI Mode register, shown in 
Figure 2-12. The information is then stored in a seven 
level FIFO for later retrieval. Whenever the FIFO con- 
tains information, the earliest entry is placed in the 
holding register. When the holding register is read, the 
next valid piece of information is loaded into it. Inter- 
rupts can be generated by the HSI unit at the time the 


holding register is loaded or when the FIFO has six or 
more entries. 


2.3.3. HSO 


Just as the HSI can be thought of as a message taker, 
the HSO can be thought of as a message sender. At 
times determined by the software, the HSO sends mes- 


430 


IxlTIDll1 
CHANNEL 
I 


0.5 
HSO.O - HSO.5 


e 
HSO.O AND HSO.1 


7 
HSO.2 AND HSO.3 
•• B 
SOFTWARE 
TIMERS 


E 
RESET nMER 
2 
F 
START AID CONVERSION 


'-------- 
INTERRUPTINO 
INTERRUPT 
L... 
SET/CLEAR 
L... 
nMER 
2IT1MER 1 


CHANNEL 
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Figure 2-13. HSO Command Register 
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1&-BIT 
1&-BIT 


2.0 "SCLOCK 


CONTROL 


LOGIC 


HIGH SPEED OUTPUT 
CONTROLS 
• PINS 
4 SOFTWARE 
nMERS 


2 INTERRUPTS 
INITIATE AID CONVERSION 


RESET TItIER 
2 


Figure 2-14. HSO Block Diagram 
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must occur at regular intervals. A multitask process 
can easily be set up using the software timers. 
many processors. The 8096 has an on-chip serial port to 
reduce the total number of chips required in the system. 


IT RECEIVED (IF NOT PARITY); 


RPE 
IS THE PARITY ERROR INDICATOR (IF PARITY ACTIVE), 
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SP_STAT 
SP_CON 
(READOHLY) 
(WRITE ONLY) 


rRII~RPE1 


& I 


5 
4 
3 I 


2 I 


1 1 


D I 
RI 
TI 
TBI 
REN 
PEN 
M2 
Ml 


~ 
I 


[M2.Ml 
SPECIFIES THE MOD 


D.D = MOOED 
D,1 = MODE 1 
1,0 
= MODE 2 
1.1 
= MODE 3 


'--- 
PEN 
ENABLE 
THE PARITY 


REN 
ENABLES 
THE RECEI 


TII 
PROGRAMS 
THE 9TH 
TRANSMISSION; 


TI 
IS THE TRANSMIT 
IN 


RI 
IS THE RECEIVE INT 


RBI 
IS THE 9TH DATA B 


E; 


FUNCTION (EVEN PARITY); 


VE FUNCTION; 


DATA BIT (IF NOT PARITY) ON 


TERRUPT FLAG; 


ERRUPT FLAG; 


NOTE: 
TI and RI are cleared 
when 
SP_CON 
is read. 


Figure 2·15. Serial Port Control/Status 
Register 
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The serial port is similar to that on the MCS·5l prod- 
uct line. It has' one synchronous and three asynchro- 
nous modes. In the asynchronous modes baud rates of 
up to 187.5 Kbaud can be used, while in the synchro- 
nous mode rates up to 1.5 Mbaud are available. The 
chip has a baud rate generator which is independent of 
Timer 1 and Timer 2, so using the serial port does not 
take away any of the HSI, HSO or timer flexibility or 
functionality. 


Control 
of the serial port is provided through 
the 
SPCON/SPSTAT 
(Serial Port 
CONtrol/Serial 
Port 
STATus) register. This register, shown in Figure 2·15, 
has some bits which are read only and others which are 
write only. Although the functionality of the port is 
similar to that of the 8051, the names of some of the 
modes and control bits are different. The way in which 
the port is used from a software standpoint 
is also 
slightly different since RI and TI are cleared after each 
read of the register. 


The four modes of the serial port are referred to as 
modes 0, I, 2 and 3. Mode 0 is the synchronous mode, 
and is commonly used to interface to shift registers for 
I/O expansion. In this mode the port outputs a pulse 
train on the TXD pin and either transmits or receives 
data on the RXD pin. Mode 1 is the standard asyn- 
chronous mode, 8 bits plus a stop and start bit are sent 
or received. Modes 2 and 3 handle 9 bits plus a stop and 
start bit. The difference between the two is, that in 
Mode 2 the serial port interrupt will not be activated 
unless the ninth data bit is a one; in Mode 3 the inter- 
rupt is activated whenever a byte is received. These two 
modes are commonly used for interprocessor communi- 
cation. 


Using XTAL1: 


Md' 
Baud 
_ 
XTAll 
frequency. 
o eO. 
Rate 
- 
4'(B+1) 
• B oF 0 


Others: 
Baud = XTAL 1 frequency 
Rate 
64'(B+1) 


Using T2CLK: 


Baud 
T2CLK 
frequency 
Mode 0: Rate = 
B 
; B oF 0 


Baud 
T2CLK 
frequency 
Others: 
Rate = 
16'B 
; B oF 0 


Note that B cannot 
equal 0, except when 
using 
XT All 
in other than mode O. 


Figure 2·16. Baud Rate Formulas 


Baud rates for all of the modes are controlled through 
the Baud Rate register. This is a byte wide register 
which is loaded sequentially with two bytes, and inter- 
nally stores the value as a word. The least significant 
byte is loaded to the register followed by the most sig- 
nificant. The most significant bit of the baud value de- 
termines the clock source for the baud rate generator. If 
the bit is a one, the XTALl pin is used as the source, if 
it is a zero, the T2 CLK pin is used. The formulas 
shown in Figure 2· 16 can be used to calculate the baud 
rates. The variable "B" is used to represent the least 
significant 15bits of the value loaded into the baud rate 
register. 


The baud rate register values for common baud rates 
are shown in Figure 2·17. These values can be used 
when XTALl is selected as the clock source for serial 
modes other than Mode O. The percentage deviation 
from theoretical is listed to help assess the reliability of 
a given setup. In most cases a serial link will work if 
there is less than a 2.5% difference between the baud 
rates of the two systems. This is based on the assump- 
tion that 10 bits are transmitted per frame and the last 
bit of the frame must be valid for at least six-eights of 
the bit time. If the two systems deviate from theoretical 
by 1.25% in opposite directions the maximum toler- 
ance of 2.5% will be reached. Therefore, caution must 
be used when the baud rate deviation 
approaches 


1.25% from theoretical. Note that an XTALl frequen- 
cy of 11.0592 MHz can be used with the table values 
for 11 MHz to provide baud rates that have 0.0 percent 
deviation from theoretical. In most applications, how- 
ever, the accuracy available when using an 11 MHz 
input frequency is sufficient. 


Serial port Mode 1 is the easiest mode to use as there is 
little to worry about except initialization and loading 
and unloading SBUF, the Serial port BUFfer. If parity 
is enabled, (i.e., PEN= I), 7 bits plus even parity are 
used instead of 8 data bits. The parity calculation is 
done in hardware for even parity. Modes 2 and 3 are 
similar to Mode I, except that the ninth bit needs to be 
controlled and read. It is also not possible to enable 
parity in Mode 2. When parity is enabled in Mode 3 the 
ninth bit becomes the parity bit. If parity is not enabled, 
(i.e., PEN = 0), the TB8 bit controls the state of the 
ninth transmitted bit. This bit must be set prior to each 
transmission. On reception, if PEN = 0, the RB8 bit 
indicates the state of the ninth received bit. If parity is 
enabled, (i.e., PEN = 
I), the same bit is called RPE 


(Receive Parity Error), and is used to indicate a parity 
error. 


5·18 


int'et 
AP-248 


XTAL 1 Frequency 
= 12.0 MHz 


Baud Rate 
Baud Register 
Value 
Percent 
Error 
19.2K 
8009H 
+2.40 


9600 
8013H 
+2.40 


4800 
8026H 
-0.16 


2400 
804DH 
-0.16 
1200 
I. 
809BH 
-0.16 


300 
8270H 
0.00 


XT AL 1 Frequency 
= 11.0 MHz 
19.2K 
8008H 
+0.54 
9600 
8011H 
+0.54 
4800 
8023H 
+0.54 
2400 
8047H 
+0.54 
1200 
808EH 
-0.16 


300 
823CH 
+0.01 


XTAL 1 Frequency 
= 10.0 MHz 
19.2K 
8007H 
-1.70 
9600 
800FH 
-1.70 


4800 
8020H 
+ 1.38 
2400 
8040H 
-0.16 
1200 
8081H 
-0.16 


300 
8208H 
+0.03 


Figure 2-17. Baud Rate Values for 10, 11, 12 MHz 


The software used to communicate between processors 
is simplified by making use of Modes 2 and 3. In a basic 
protocol the ninth bit is called the address bit. If it is set 
high then the information in that byte is either the ad- 
dress of one of the processors on the link, or a com- 
mand for all the processors. If the bit is a zero, the byte 
contains information for the processor or processors 
previously addressed. In standby mode all processors 
wait in Mode 2 for a byte with the address bit set. 
When they receive that byte, the software determines if 
the next message is for them. The processor that is to 


receive the message switches to Mode 3 and receives 
the information. Since this information is sent with the 
ninth bit set to zero, none of the processors set to Mode 
2 will be interrupted. By using this scheme the overall 
CPU time required for the serial port is minimized. 


A typical connection diagram for the multi-processor 
mode is shown in Figure 2-18. This type of communica- 
ton can be used to connect peripherals to a desk top 
computer, the axis of a multi-axis machine, or any oth- 
er group of microcontrollers jointly performing a task. 
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COOROINATE TRANSFORMS 
- 
DETERMINE VECTOR ENDPOINTS AND 
TRAVEL TIMES 
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••• 
- 
PROVIDE USER INTERFACE 
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- 
COr;VERT VECTORS TO INDIVIDUAL 
AXIS COMMANDS 
- 
CONTROL THE SERIAL LINK 
- 
MONITOR ENTIRE SYSTEM FOR FAULTS 
•.....--~--..• 
8096 
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Figure 2-18. Multiprocessor 
Communication 


input. When doing process control algorithms, it is fre- 
quently the changes in inputs that are required, not the 
absolute accuracy of the value. For this reason, even if 
the absolute accuracy of a 100bitconverter is the same 
as that of an 8-bit converter, the lO-bit monotonic con- 
verter is much more useful. 


Mode 0, the synchronous mode, is typically used for 
interfacing to shift registers for I/O 
expansion. The 
software to control this mode involves the REN (Re- 
ceiver ENable) bit, the clearing of the RI bit, and writ- 
ing to SBUF. To transmit to a shift register, REN is set 
to zero and SBUF is loaded with the information. The 
information will be sent and then the TI flag will be set. 
There are two ways to cause a reception to begin. The 
first is by causing a rising edge to occur on the REN 
bit, the second is by clearing RI with REN = 1. In 
either case, RI is set again when the received byte is 
available in SBUF. 


Since most of the analog inputs which are monitored by 
a microcontroller change very slowly relative to the 42 
microsecond conversion time, it is acceptable to use a 
capacitive filter on each input instead of a sample and 
hold. The 8097 does not have an internal sample and 
hold, so it is necessary to ensure that the input signal 
does not change during the conversion time. The input 
to the AID must be between ANGND 
and VREF. 


ANGND 
must be within a few millivolts of VSS and 
VREF must be within a few tenths of a volt of VCC. 


2.3.5. A to D CONVERTER 


Analog inputs are frequently required in a microcon- 
troller application. The 8097 has a lO-bit A to D con- 
verter that can use anyone of eight input channels. The 
conversions are done using the successive approxima- 
tion method, and require 168 state times (42 microsec- 
onds with a 12 MHz clock.) 


Using the A to D converter on the 8097 can be a very 
low software overhead task because of the interrupt and 
HSO unit structure. The A to D can be started by the 
HSO unit at a preset time. When the conversion is com- 
plete it is possible to generate an interrupt. By using 
these features the A to D can be run under complete 
interrupt 
control. The A to D can also be directly 


The results are guaranteed monotonic by design of the 
converter. This means that if the analog input voltage 
changes, even slightly, the digital value will either stay 
the same or change in the same direction as the analog 
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AID Command Register 


(LOCATION 
02H) 
I LCHANNEL 
11 SELECTS 
WHICH 
OF THE I ANALOG 
INPUT 


~ 
CHANNELS 
IS TO BE CONVERTED 
TO DIGITAL 
FORM; 


GO INDICATES 
WHEN 
THE CONVERSION 
IS TO BE 


INITIATED 
(GO = 1 MEANS 
START 
NOW. GO = 0 
MEANS 
THE CONVERSION 
IS TO BE INlnATED 


BY THE HSO UNIT AT A !,PECIFIED 
llME). 


AID CHANNEL 
NUMBER 


STATUS 


o = AID CURRENTLY 
IDLE 
1 = CONVERSION 
IN PROCESS 


AID RESULT: 


L-_--:-_____ 
LEAST 
SIGNIFICANT 
2 BITS 


MOST SIGNIFICANT 
BYTE 


AID Result Register 


(LOCATION 
03H) 
(LOCATION 
O2H) 
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Figure 2-19. A to 0 Result/Command 
Register 


controlled by software flags which are located in the 
AD_RESULT/AD_COMMAND 
Register, shown 


in Figure 2-19. 


2.3.6. PWM REGISTER 


Analog outputs are just as important as analog inputs 
when connecting to a piece of equipment. True digital 
to analog converters are difficult to make on a micro- 
processor because of all of the digital noise and the 
necessity of providing an on chip, relatively high cur- 
rent, rail to rail driver. They also take up a fair amount 
of silicon area which can be better used for other fea- 
tures. The A to D converter does use a D to A, but the 
currents involved are very small. 


For many applications an analog output signal can be 
replaced by a Pulse Width Modulated (PWM) signal. 
This signal can be easily generated in hardware, and 


takes up much lesssilicon area than a true D to A. The 5 
signal is a variable duty cycle, fixed frequency wave- 
form that can be integrated to provide an approxima- 
tion to an analog' output. The frequency is fixed at a 
period of 64 microseconds for a 12 MHz clock speed. 
Controlling the PWM simply requires writing the de- 
sired duty cycle value (an 8-bit value) to the PWM 
Register. Some typical output waveforms that can be 
generated are shown in Figure 2-20. 


Converting the PWM signal to an analog signal varies 
in difficulty, depending upon the requirements of the 
system. Some systems, such as motors or switching 
power supplies actually require a PWM signal, not a 
true analog one. For many other cases it is necessary 
only to amplifythe signal so that it switches rail-to-rail, 
and then filter it. Switching rail-to-rail means that the 
output of the amplifier will be a reference value when 
the input is a logical one, and the output 
will 
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be zero when the input is a logical zero. The filter can 
be a simple RC network or an active filter. If a large 
amount of current is needed a buffer is also required. 
For low output currents, (less than 100 microamps or 
so), the circuit shown in Figure 2-21 can be used. 


The RC network determines how quiet the output is, 
but the quieter the output, the slower it can change. 
The design of high accuracy voltage followers and ac- 
tive filters is beyond the scope of this paper, however 
many books on the subject are available. 


DUTY 
PWM CONTROL 


CYCLE 
REGISTER 
VALUE 


0% 
00 
HI 


LO 


10% 
25 
~~Jl 


50% 
121 
HI 


LO 


110% 
230 
HI .J 
LO 


".1% 
255 
HI 


LO 


OUTPUT 
WAVEFORM 


~ 
~n~ 
~n~ 
_ 


u 
u 
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Figure 2·20. PWM Output Waveforms 
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'This 
resistor 
limits Rise Time to reduce 
spikes 
and high frequency 
noise. 


Figure 2·21. PWM to Analog Conversion Circuitry 
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.1'1f.l.'-J" ...••v ..•. 
.1,,_ 
, ..,~~V"~~ 
~~~.-4..,"4"40 
~ 
.•., 
".., _ ..•..........•...•.~......•..•. "" 
will insert this file into the code file whenever the direc- 
tive "INCLUDE DEM096.INC" is used. The file con- 
tains the defmitions for the SFRs and other variables. 
The include statement has been placed in all of the ex- 
amples. It should be noted 
that 
some of the lab- 


JOOKUpcan aiso oe useo wnnour mrerpoiauon 
LU ueier- 
mine the output state of 1/0 devices for a given state of 
a set of input devices. The procedure is also a good 
example of 8096 code as it uses many of the software 
features. Two ways of making a lookup table are de- 
scribed, one way uses more calculation time, the second 
way uses more table space. 


I 
R/II 
I 
11 
I 
• 
I 
R 
I 
I 
I 
R 
I 
I 
I 
I 
I 
• 


sou 
sou 
sou 
sou 
sou 
sou 
IOU 
IOU 
sou 
sou 
sou 
sou 
sou 
EOU 
EOU 
EOU 
BOU 
EOU 
sou 
EOU 
EOU 
IOU 
BOU 
IOU 
IOU 
EOU 
EOU 


OOhlllORD 
02HlBYTE 
02H,BY'I'B 
OlHIBYTB 
OlHIBYTB 
04BIIIORD 
04"IIIORD 
06BIBY'I'B 
06" 
1 BY '1'. 
07H 
1 BYTB 
OIR,BY'I'. 
09HIBYTB 
1181BYTE 
11KIBY!'. 
OAHIBY'I'B 
OARIWORD 
OCHIWORD 
O£HIBY'I'. 
OBR,BYTB 
GPK 
18'1'1'1: 
10HIBY'I'B 
15H18YT. 
15HI8YTI: 
16HI8YTE 
t6HI8Y'!. 
17818YTB 
1881WORD 


, B'ITI: 
,8'1'1'1: 


I ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 


: 
DEM096.INC 
- 
DEFINITION 
OF 
SYMBOLIC 
NAMES 
rOR 
THE 
I/O 
REGISTERS 
or 
THB 
8096 
: 
. 
I 
ZERO 
AD 
COMMAND 
AD-RESULT 
LO 
AO-RBSUL"-HI 
HSI 
MOOr: 
- 
HSO-TIMB 
HSI-TIME 
HSO-COMMAND 
RSI-STATUS 
saup 
INT 
MASIt 
INT-PBNDING 
SPCON 
SPSTAT 
11ATC 
11OOG 
TIMERI 
'I'tMER2 
PORTO 
BAUD 
REG 
PORTI 
PORT 
2 
lOCO 
10S0 
IOC 1 
10Sl 
PMM 
CONTROL 
SP 
- 


AX 
(AX+ 
11 


11 
11 


11 
• 
R/II 
R/II 
R/II 


11 
WATCHDOG 
TIMBR 


RBBG 
It 
lCII 


AX. 
OSII 
OX. 
OSII 
BX. 
OSII 
CX. 
OSII 


AL 
IOU 
All 
EOU 


I 
I 
R 
I 
R 
I 
R 
I 
I 
I 
I 
I 
R 
I 
I 
• 
I 
11 
, 
R/If 
S'tACK 
POINTBR 


11 
R/II 
R/II 
11 


11 
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listing 
3-1. Include File DEMO.96.INC 
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In both methods the procedure is similar. Values of a 
function are stored in memory for specific input values. 
To compute the output function for an input that is not 
listed, a linear approximation 
is made based on the 
nearest inputs and nearest outputs. As an example, con- 
sider the table below. 


If the input value was one of those listed then there 
would be no problem. Unfortunately the real world is 
never so kind. The input number will probably be 259 
or something similar. If this is the case linear interpola- 
tion would provide a reasonable result. The formula is: 


Delta 
Out = upperOutput-Lower 
Output 
'(Actual 
lnput- Lower 
Input) 
Upper 
Input-Lower 
Input 


Actual 
Output 
= Lower 
Output + Delta 
Out 
For the value 
of 259 the solution 
is: 


900·400 
500 
Delta 
Out = 300.200 '(259·200) = 100 '59 = 5 ' 59 = 295 


Actual 
Output 
= 400 + 295 = 695 


To make the algorithm easier, (and therefore faster), it 
is appropriate to limit the range and accuracy of the 
function to only what' is needed. It is also advantageous 
to make the input step (Upper Input-Lower 
Input) 
equal to a power of 2. This allows the substitution of 
multiple right shifts for a divide operation, thus speed- 
ing up throughput. The 8096 allows multiple arithmetic 
right shifts with a single instruction providing a very 
fast divide if the divisor is a power of two. 


For the purpose of an example, a program with a 12-bit 
output and an 8-bit input has been written. An input 
step of 16 (2"4) 
was selected. To cover the input range 
17 words are needed, 255/16 + I word to handle val- 
ues in the last 15 bytes of input range. Although only 
12 bits are required for the output, the 16-bit architec- 
ture ofTersno penalty for using 16 instead of 12 bits. 


The program for this example, shown in Listing 3-2, 
uses the definitions and equates from Listing 3-1, only 
the additional equates and definitions are shown in the 
code. 


Input Value 
Relative Table Address 
Table Value 
100 
0001H 
100 
200 
0002H 
400 
300 
0003H 
900 
400 
0004H 
1600 


LD 
8P. 
'1008 
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, 
Actual 
Input 
Value 


'INCLUD!(IP1,DEMOt6.INC) 


$TI'I'LEC'INTEJl:l.APTI 
Interpolation 
routine 
ltl 
""'" 
10'6 
A •••• 
bly 
code 
for 
table 
lookup 
and 
interpolation 


, 
Include 
d •• o 
definitions 


RSEG 
at 
22H 


IN 
VALa 
TAiLK 
LOW. 
TABLE-HICH. 
IN 
DIP. 
IlI-DIPe 
"Ai 
DIP, 
OUTl 
RESULT, 
OUt'_DIPI 


d.b 
d ••• 
d ••• 
d ••• 
equ 
d ••• 
d ••• 
d ••• 
d.l 


CSKG 
at 
20'OH 


1 
1 
1 
1 
IN 
DIP 
1 
1 
1 
1 


I 
Upper 
Input 
- 
Lower 
Input 
.byte 
, 
Upper 
Output 
- 
Lower 
Output 


I 
oelt. 
Out 


Listing 3·2. ASM·96 Code for Table Lookup Routine 1 
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look; 
LOB 
SHRB 
ANOB 


LOBZI 
LD 


LD 


SUB 


AN DB 


LOBIS 


HUL 


5H RAL 


ADD 


SHRA 


AODC 


no - 1 ne 
I 
ST 


BR 


AP-248 


AL, 
IN 
VAL 
AL, 
• 3- 
AL, 
111111110B 


Load 
t •• p 
with 
Actual 
Value 
Divide 
the 
byte 
by 
• 
In.ure 
AL 
1 •• 
word 
a4dr 
••• 
Thi. 
effectively 
divid 
•• 
AL 
by 
2 
80 
AL 
• 
IN_VAt/16 


AX, 
AL 
I 
TABLE_LOW, 
TASLS 
Load 
byte 
AL 
to 
word 
AX 
(AX) 
,TABLE 
LOW 
1. 
loaded 
with 
the 
value 
r 
In 
the 
table 
at 
table 
location 
AX 
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(TABLE+21IAX! 
I 
I 
I 


I 
TABLE 
HIGH 
i. 
loaded 
with 
the 
value 
in 
the 
table 
at 
table 
location 
"x+2 
(The 
next 
value 
in 
the 
table) 


TAB_DIF, 
TABLE_HIGH, 
TABLE 
LOW 
I 
TAB_DIP-TABLB_HIGH-TABLE_LOW 


IN 
Dlpe-Ieaat 
819nlfleant 
4 
bit. 
01 
IN 
VAL 
Load 
byte 
IN_DIPB 
to 
word 
IN_DIP 


OUT_DIP, 
IN_DIF, 
TAB 
DIP 
I 
I 
OUT_DIF, 
•• 
J 


Output 
difference· 
Input-difference-Table 
difference 
Divide-by 
16 
(2--4) 


OUT, 
OUT 
DIP, 
TABLE_LOW 
Add 
output 
difference 
to 
output 
generated 
with 
truncated 
IN 
VAL 
as 
input 
- 
Round 
to 
12-bi 
t 
answer 
OU T, 
• 4 


OUT, 
zero 
J 
Round 
up 
tf 
Carry· 


OUT, 
RESULT 
I 
Store 
OUT 
to 
RESULT 


look 
• 
8ranch 
to 
-look.- 


c.e9 
AT 
21 OOH 


tablet 
DCN 
OOOOH, 
2000H, 
3400H, 
4C 0 OH 
DCII 
5000R, 
6AOOR. 
72 DOH, 
78 0 OH 
DCN 
7800H, 
7000K, 
7600H, 
6DOOH 
DCN 
5DOOH, 
4800R. 
340 
OH, 
2200H 
DCN 
1000H 


END 


, 
A 
rando. 
function 


Listing 3-2. ASM-96 Code for Table Lookup Routine 1 (Continued) 


If the function is known at the time of writing the soft- 
ware it is also possible to calculate in advance the 
change in the output function for a given change in the 
input. This method can save a divide and a few other 
instructions at the expense of doubling the size of the 


lookup table. There are many applications where time 
is critical and code space is overly abundant. In these 
cases the code in Listing 3-3 will work to the same 
specifications as the previous example. 


J" 
J,,' 
"1 
J 1 I1 


$1'ITLI('INTIR2.APT1 
Interpolation 
routlne 
2') 


8096 
Aa.e.bly 
code 
for 
table 
lookup 
and 
interpolation 
Usin9 
tabled 
values 
1n 
place 
ol 
division 


$INCLUDI(.PI1DIM096.INC) 
J 
Include 
deao 
definitions 


RSEG 
at 
24H 


IN 
VAL1 
TABLE 
LOWs 
TABLI:INCt 
IN 
DIPt 
IN-DIPB 
OUit 
RESULT, 
OUT_DIP, 


d.b 
do •• 
d ••• 
do •• 
oqu 
do •• 
d ••• 
dol 


I 
Actual 
Input 
Value 
f 
Table 
value 
for 
fUnction 
I 
Incre.ental 
change 
in 
function 


J 
Upper 
Input 
,- 
Lower 
Input 
Ibyte 
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1 
,1 
1 
1 
IN 
DIP 
1 
1 
1 
I 
Delta 
Out 


Listing 3-3. ASM-96 Code For Table Lookup Routine 2 
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CSIC 
ot 
2010H 


LD 


look, 
.Da 
SH •• 
ANDB 


Loa,a 


LD 


LD 


AMDa 


LDIIS 


MUL 


ADD 


SH. 
ADDC 


no - 1 ne: 
S1' 
•• 


c •• q 
AT 
2100H 


vat 
table: 
- 
DeW 
OC" 
DC" 
DC" 
DC" 
lnc 
table: 
DC" 
DC" 
DC" 
DC" 


END 
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TA.LI 
LOW 
1. 
10ade4 
with 
the 
value 
ln 
the 
value 
table 
at 
locat1on 
AX 


BP. 
flOOR 
r 
Inltla11 
•• 
IP 
to 
top 
of 
reg. 
f11. 


AL. 
IN -VI.. 
Load 
t •• p 
with 
Actual 
Value 
AL. ,) 
D1v14. 
the 
byte 
by • 
AL. 
'11111110. 
1~~r~·.t~.~tl:.rY·~I:r~~:OIL 
2 
by 
00 A. . IN 
VA./U 
AK. 
A. 
Load 
byte 
At: to 
vord 
AX 


By making use of the second 100!{Uptable, one word of 
RAM was saved and 16 state times. In most cases this 
time savings would not make much of a difference, but 
when pushing the processor to the limit, microseconds 
can make or break a design. 


TABLB_LOW, 
VAL 
TABLafAII 


TAaLE 
life 
-la 
load.d 
v1 th 
the 
value 
ln 
the 
iner 
••• 
nt 
table 
at 
location 
A. 


IN 
DIPa-I •• at 
.{gnlfle.nt 
• bita 
of 
IN 
VAL 
Load 
byte 
IN_DIPa 
to 
vord 
IM_DIP 


OUT_DIP, 
IN_DIP. 
TAaLa 
tHe 
I 
Output 
d1fference 
• 
• 
tnput=41fference*tncr 
••• 
ntal 
chang. 


OUT. 
OUT_DIF, 
TABLE 
LOW 


OUT, 
'4 
OUT, 
•• 
ro 


OUT, 
RESULT 
look 


OOOOH, 
5000K, 
1800H, 
5000H, 
1000" 


Add 
output 
difference 
to 
output 
generated 
vith 
truncated 
IN 
VAL 
•• 
input 
- 
Round 
to 
12-bit 
an.ver 
Round 
up 
if 
Carry 
~ 
1 


Store 
OUT 
to 
RESULT 
8ranch 
to 
-look:- 


2000H. 
)400", 
4COOH 
I 
A 
tendo. 
function 
IAOON. 
7200H, 
7100H 
7000H, 
7600N, 
6000H 
4100H, 
)400H, 
2200H 


02008. 
OODOH. 
00020H, 
OPIEOH, 


0140", 
00. OH , 
OprtO", 
Or.tOH, 


OlIOH, 
0060H, 
Orr70R, 
OrB.OH, 


0110" 
OO)OH 
OPPOOH 
or.80R 


Tabl, 
of 
incre 
•• ntal 
difference. 


Listing 3-3. ASM-96 Code for Table Lookup Routine 2 (Continued) 


3.1.2. PL/M-96 


Intel provides high level language support for most of 
its micro processors and microcontrollers in the form of 
PL/M. 
Specifically, PL/M 
refers to a family of lan- 
guages, each similar in syntax, but specialized for the 
device for which it generates code. The PL/M syntax is 
similar to PL/1, and is easy to learn. PLM·96 is the 
version of PL/M 
used for the 8096. It is very code 
efficient as it was written specifically for the MCS-96 
family. PLM-96 most closely resembles PLM-86, al- 
though it has bit and I/O functions similar to PLM-51. 
One line of PL/M-code 
can take the place of many 


lines of assembly code. This is advantageous to the pro- 
grammer, since code can usually be written at a set 
number of lines per hour, so the less lines of code that 
need to be written, the faster the task can be completed. 


If the first example of interpolation is considered, the 
PLM-96 code would be written as shown in Listing 3-4. 
Note that version 1.0 of PLM-96 does not support 32- 
bit results of 16 by 16 multiplies, so the ASM-96 proce- 
dure "DMPY" 
is used. Procedure DMPY, shown in 
Listing 3·5, must be assembled and linked with the 
compiled PLM·96 program using RL-96, the relocator 
and linker. The command line to be used is: 


RL96 PLMEX1.0BJ, 
DMPY.OBJ, PLM96.LIB & 
to PLMOUT.OBJ ROM (2080H-3FFFH) 
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/' 
PLM-96 
COD! 
FOR 
~ABL! 
LOOK-UP 
AND 
IH~aRPOLA~IO. 
'/ 


'LMBXI 
DO, 


DECLARB 
IN 
VAL 
HORD 
PUBLIC, 
DECLARE 
~AiLB -LOll 
IN"aOaR 
PUBLIC, 
DECLARB 
~A8LE -HIGH 
IN~aO.R 
PUBLIC, 
DECLARE 
TABLE -DIP 
IN~Ba.R 
PUBLIC, 
DECLARB 
OU~ 
IN~BG.R 
PUBLIC, 
DECLARB 
R!SUL~ 
IN~aGBR 
PUBLIC, 
DBCLARE 
OU" 
DIP 
LONGI." 
PUBLIC, 
DECLARE 
TBMP 
WORD 
PUBLIC, 


DECLARE 
TABLaC171 
OOOOH, 
2000H, 
5D008, 
'AOOH, 
78008, 
10008. 
5000K, 
4.00H, 
1000HI, 


I.~.G.R 
DU'A 
1400H, 
ccaOH, 
1200B, 
1100R, 
7600H, 
'DOOR, 
3400H, 
22008, 


/* 
A 
r.n40. 
function *' 


DMPY 
I 
PROCEOU 
•• 
(A.B. 
LONGI.,. 
IXTlltNAL, 
DECLARI 
CA,BI 
I.~BGBR, 
IND 
DM'Y 
I 


Loap, 
TEMP·SHRCIN 
VAL,4), 


"A8LB 
LOII·"ABLBC~.HPI, 
TABLB=HIGH.~ABLICT.HP+1I' 
/* 
If 
-'IMp· 
w •• 
replaced 
by 
-SRR(IN 
VAL,4)- 
,a 
Th. 
code 
would 
work 
but 
the 
la" 
would 
'* 
do 
two 
.hilt. 


• 
'!'ABLB_DIP-TABLI_HIGB-'!'''8LB 
LOW, 


OO,.-SAR«TA8LB 
LO"+OUT 
DIP),4), '* 
SAR 
pertor 
•• 
an 
_rlth 
•• tic 
rt9ht 
.hllt, 
In 
thla 
ca •• 
4 
plac 
•• 
are 
.hilted 
*/ 


IP 
CARRY-O 
THaN 
RBBULT-OUT, 
'* 
Uain9 
the 
hardware 
fla, •• 
uat 
b. 
done 
*' 
ELSB 
RESULT.OUT+l, 
1* 
with 
car. 
to 
enlur. 
thl 
flat 
t. 
ta.tad 
-/ 
/. 
In 
the 
d •• lrad 
In.tructlon 
.aquence 
-/ 
GOTO 
LOOP, 


/- 
BND 
or 
PLM-96 
COOl 
-/ 
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Listing 3-4. PLM-96 Code For Table Lookup Routine 1 


$'I"ITLE('MULT.APTI 
16-16 
.ultlp\y 
procedurl 
tor 
PLM-9") 


8P 
Igu 
llRlword 


BXTRN 
PLMRBG 
Ilon, 


Multtply 
two 
Inte,er. 
and 
rlturn 
a 
longtnt 
r •• ult 
in 
AX, 
OX 
rlgiater. 
PUBLIC 
OMPY 


DMPY 
I 
PO. 
PLICRBG+" 
POP 
'LHRBG 
MUL 
PLICRBG, 
(1'1+ 


BR 
(PLMRBO+4) 
IND 


, 
Load 
return 
addre 
•• 
, 
Load 
onl 
oparand 
, 
Load 
.acond 
operand 
and 
inera.ant 
8. 


, 
Return 
to 
.LM 
code. 
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./ 
'/./ 
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Using PLM, code requires less lines, is much faster to 
write, and easier to maintain, but may take slightly 
longer to run. For this example, the assembly code gen- 
erated by the PLM-96 compiler takes 56.75 microsec- 
onds to run instead of 30.75 microseconds. If PLM-96 
performed the 32-bit result multiply instead of using 
the ASM-96 routine the PLM code would take 41.5 
microseconds 
to run. The actual 
code listings are 
shown in Appendix A. 


3.2. Using the 1/0 Section 


3.2.1. USING THE HSI UNIT 


One of the most frequent uses of the HSI is to measure 
the time between events. This can be used for frequency 
determination in lab instruments, or speed/acceleration 
information when connected to pulse type encoders. 
The code in Listing 3-6 can be used to determine the 
high and low times of the signals on two lines. This 
code can be easily expanded to 4 lines and can also be 
modified to work as an interrupt routine. 


Frequently it is also desired to keep track of the num- 
ber of events which have occurred, as well as how often 
they are occurring. By using a software counter this 
feature can be added to the above code. This code de- 
pends on the software responding to the change in line 
state before the line changes again. If this cannot be 
guaranteed then it may be necessary to use 2 HSI lines 
for each incoming line. In this case one HSI line would 
look for falling edges while the other looks for rising 
edges. The code in Listing 3-7 includes both the counter 
feature and the edge detect feature. 


The uses for this type of routine are almost endless. In 
instrumentation it can be used to determine frequency 
on input lines, or perhaps baud rate for a self adjusting 
serial port. Section 4.2 contains an example of making a 
software serial port using the HSI unit. Interfacing to 
some form of mechanically generated position informa- 
tion is a very frequent use of the HSI. The applications 
in this category include motor control, precise position- 
ing (print heads, disk drives, etc.), engine control and 


$INCLUDI(DIM096.INC) 


, 
.nabl. 
881 
0 
, 881 
0 
look 
fo~ 
.tth.~ 
edg. 


t •• 9 
at 
21H 


$TITLBC'PULSI.APTI 
Me.aueing 
pulaea 
using 
the 
HSI 
unit') 


HIGH 
TIMB. 
de. 
LOW 
TIMEa 
48. 
PERIOD. 
da. 
HI 
BDGB. 
dew 
LO:IOGB. 
de. 


C •• 9 
at 
2010a 


8P, 
'100B 


IOC O •• 
00 0 0000 
18 
BSI_MODS, 
.000011118 


LD 
LOa 
Loa 


•• 1 t I 
ADD 
J8S 
Jac 


cont!n. 
Loa 


LD 


Ja. 


hol -10. 
87 
soa 
a. 


hol -hi. 
87 
sua 
a. 


aND 


P8RIOD, 
HIGH 
TtNS, 
LOW 
YIMB 
1081, 
6, cont!n 
, If PIPO 
1. 
full 
1081, 
" 
.ait 
J 
•• 
it 
while 
no 
pul 
•• 
I. 
antered 


BX, 
LO 
BOGB 
RIGH 
YIM&, 
LO 
BDGB, 
HI 
BDGB 


w.lt- 


ax, 
HI 
BOGB 


LOW TIM., 
81 &00&, 
LO_BOGI 
,,.It 


Load 
atatus, 
Not. 
that 
r •• 4ing 
RSI_TINI 
cl •• r. 
H8I_8TA~U8 


r 
Lo.d 
the 
HSI_~tM 
• 


• 
Juap 
if 
K81.0 
1. 
high 
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transmission control. The RSI unit is used extensively 
in the example in section 4.3. 


3.2.2. USING 
THE HSO UNIT 


Although the RSa has many uses, the best example is 
that of a multiple PWM output. This program, shown 
in Listing 3-8, is simple enough to be easily understood, 
yet it shows how to use the RSa for a task which can 
be complex. In order for this program to operate, an- 
other program needs to set up the on and off time vari- 
ables for each line. The program also requires that a 


RSa line not change so quickly that it changes twice 
between consecutive reads of I/O 
Status Register 0, 


(IOSO). 


A very eye catching example can be made by having the 
program output waveforms that vary over time. The 
driver routine in Listing 3-10 can be linked to the above 
program to provide this function. Linking is accom- 
plished using RL96, the relocatable linker for the 8096. 
Information 
for using RL96 can be found in the 
"MCS-96 Utilities Users Guide", listed in the bibliogra- 
phy. In order for the program to link, the register dec- 


$INCLUDBIDEM096.INC) 


$TITLB 
I'BNHSI.A''!'. 
BNHANCBD 
HSI 
PUL8R 
ROU'I'INE'• 


RSEG 
A~ 
2IH 


TIME. 
DSM 
LAST 
RISB. 
OSN 
LAST-PALL. 
DSM 
HSI 
SOa 
DSB 
10sI 
IAKI 
DSB 
PBRIOD. 
os •• 
LOW 
TIME. 
oSN 
HIGH 
TIMB. 
OSN 
COUNi. 
os •• 


caeg 
ot 


t n1 t I 
LO 


LOB 


L08 
L08 


v.! t I 
ANDB 
ORB 


J8C 


ANDB 
LO 


J 8S 
J8S 
8R 


0- t 1 • e I 
SU8 
SU8 
LO 
8R 


0-fall. 
SU 8 
SU8 
LO 


Incre 
•• 
ntt 


INC 


no- 


cnt; 
". 


END 


1080H 


S',.100R 


IOCI,.OOIODIOl. 
I 
ol •• bl. 
880.4,HSO.5, 
.9t 
INT-flrlt, 
• 
Bnabl. 
PWM,TXO,'I'INBRl_OvipLOW_IN" 


HSI 
"008.1100110018 
IOCO,'OOOOOlll. 


10Sl 
IAK,1011111118 
10S1::8AI,1051 


•• t 
hll.l 
-J 
hlt.O 
+ 
anable 
hIt 
0,1 
'1'2 CLOCK-T2CLI, 
'I'2R8T-T2R8'1' 
CI •• r 
tt •• 
c2 


CI •• r 
10Sl 
IAI.7 
Store 
into-te.p 
to 
avold 
clearln9 
other 
f1a,. 
vhlch 
.ay 
be 
nee4e4 


If 
h.l 
1. 
not 
tri9gered 
then 
ju.p 
to 
valt 


HSI 
SO,K8t 
S~AYU8,'01010101. 
~IMi, 
RSI _itMS 


HSI 
SO,O,a 
rl •• 
H81-S0,2,.-ra11 
no_ent 
- 


LOW 
TIMB, 
TIME, 
LAST 
FALL 
PBRIOD, 
TIME,LAST 
RISa 
LAST 
RISE, 
TIME 
- 
lncreaent 


HIGH 
TIME, 
TIME, 
LAST 
RISE 
PERIOD, 
TIME,LAST 
PALL 
LAST_PALL, 
TIME 
- 


COUN~ 


va 
1 t 
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$TITLE 
('HSOPWH.APTI 
8096 
EXAMPLE 
PROGRAM 
FOR 
PMM 
OUTPUTS') 


Thl. 
pro9r 
•• 
viiI 
provide 
l 
'MM 
output. 
on 
HSO 
ptne 
0-2 
The 
input 
par •• eterl 
p •••• 
d 
to 
the 
pro9r 
•• 
arel 


HSO 
ON 
H 
HSO=OPF_" 
HSO 
on 
tt •• 
for 
ptn 
N 
HSO 
off 
ta •• 
for 
ptn 
N 


Wherel 
Tl •• a 
are 
In 
tlMerl 
cycle. 
N 
take. 
values 
fro. 
0 
to 
1 


RSEG 
AT 
laM 


IIIII 
J' 
,,, 
J,' 
If I J 11J 11J I , J, 
J I J, 
IIIIII 
J 
J 
J III 
f 
J 
J 
J 
J 111,' 
I J 
J 
J I J I 


$INCLUDE(OEM096.INC) 


RSO 
ON 
01 
OSM 
RSO-OPP 
D. 
OSM 
HSO-ON 
I 
I 
DSM 
HSO-Orr 
1 
I 
OSM 
OLD-STA;;I 
dab 
NIW:S"""I 
dab 


caeCJ 
AT 
2010H 


8P,'100H 
H90 
ON 
0, 
,lOOR 
HSO-OPr 
0, 
'tOOH 
RSa-ON 
I, 
• 210K 
RSO-Orr 
1, 
'210N 
OLO-STAY, 
1050, 
,O,K 
OLD:S,.",., 
,.O'K 


Set 
initial 
valu 
•• 
Not. 
that 
tt •••• 
uat 
b. 
lO~9 
enough 
to 
allov 
the 
routine 
to 
run 
after 
each 
Itn. 
change. 


LD 
LD 
LD 
LD 
LD 
"NOB 
10RB 


JBS 
NOP 


store 
statl 
- 
"NDB 
CM PB 
JE 
XORB 


check 
01 
JBC 
JBS 


s@t_on 
01 
LOB 
ADD 
8R 


check 
1: 


JBC 
J8S 


eet_on 
11 
LDB 
ADD 
BR 


.et 
off 
1, 
LDB 
ADD 


check 
done, 
LDB 


1050, 
6, 
val 
t 
I 
LOOp 
until 
RSO 
holding 
register 


J 
is 
e.pty 


For 
opperation 
vith 
Interrupts 
'store 
atat;' 
vould 
be 
the 
entry 
point 
of 
the 
routine. 
- 
Note 
that 
a 
DIor 
PUSRr 
.ight 
have 
to 
be 
added. 


NBM 
ST"T. 
1050, 
.orn 
OLD-ST"T. 
N!N_STAT 
valt 
OLD_STAT, 
NEM_ST"T 


I 
Store 
atatuII 
of 
H80 


OLD 
ST"T, 
0, 
check 
1 
NIW:STAT, 
0, 
set_olf 
0 


RSO 
COMM"ND, 
'001100008 
RSO-TIME. 
TIMER1, 
HSO_OFF 
0 
check 
1 


Set 
1150 
for 
tt.erl. 
set 
pin 
0 
Tiae 
to 
set 
pi n 
- 
Ti.er 
I 
v e I u e 
• 
TI •• 
for 
pin 
to 
be 
low 


HSO 
COMM"ND, 
'000100008 
H50=TI"E, 
TIMERI, 
HSO_ON 
Set 
R50 
foc 
tl.erl, 
clear 
pin 
0 
Tlae 
to 
clear 
pin. 
TI.erl 
value 
+ 
Tl.e 
for 
pln 
to 
be 
high 


OLD 
ST"T, 
1, 
check 
done 
NBW=STAT, 
1, 
.et_olf_l 


NSD 
COMMAND, 
1001100018 
RSO-TIMI, 
TIMBRl, 
RSO 
orr 
check_done 
- 


Set 
"SO 
for 
tl.erl, 
.et 
pin 
1 
Tlae 
to 
set 
pin· 
TI.erl 
value 


RSO 
COMMAND, 
'00010001. 
RSO:TIMB, 
T1MBR1, 
HSO_ON 
S.t 
RSO 
for 
tl •• rl, 
clear 
pin 
1 
Tl •• 
to 
clear 
pin. 
Tl •• rl 
value 
+ 
Tl •• 
for 
pin 
to 
b. 
high 


8tor. 
current 
atatu. 
and 
valt 
for 
Interrupt 
flag 


BND 


IR 
valt 
I 
u •• 
RIT 
It 
·walt· 
t. 
called 
tro. 
another 
routine 
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laration section (i.e., the section between "RSEG" and 
"CSEG") 
in Listing 3-8 must be changed to that in 


Listing 3-9. 


quency twice that of the first one. A slightly different 
driver routine could easily be the basis for a switching 
power supply or a variable frequency/variable 
voltage 


motor driver. The listing of the driver routine is shown 
in Listing 3-10. 
The driver routine simply changes the duty cycle of the 
waveform and sets the second HSO output to a fre- 


NOT!: 
Use 
this 
fl1e 
to 
replace 
the 
declaration 
section 
of 
the 
HSO 
PWM 
prograa 
fro~ 
-$INCLUDE(DEM096.INC)- 
thcouqh 
the 
line 
prior 
to 
the 
label 
·"alt-. 
Allo 
change 
the 
l •• t 
branch 
1n 
the 
progr 
•• 
to 
a 
-R£T-. 


RSEG 


o 
STAT: 


.xten 
exten 
ex t r n 
exten 
exten 


OSB 
HSO 
ON 
0 
Hford 
850-0"-. 
;word 


HSO-TIME 
i e o r d 
TIMERI 
Iword 
SP 
:word 


I 
RSO 
OPP 
0 
Jword 
H50-0'''-1 
e e o r d 
USO-COMMAND 
,byte 
1050 
;byte 


public 
OLD 
5T"T 
OLD 
5T"T: 
- 
dab 


NEW:STAT; 
dab 


cseg 


PUBLIC 
",.1 
t 
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Listing 3·9. Changes 
to Declarations 
for HSO Routine 


$TITLEC"HSODRV.APT: 
Drlver 
aodule 
for 
HSO 
PMM 
progcaa'» 


HSODRV 
MODULE 
MAIN, 
STAC~SIZE(8) 


PUBLIC 


PUBLIC 
PUBLIC 
PUBLIC 


HSO 
ON 
0 
, 
KSO 
orp 
0 
H50-0N-1 
, 850-0"-1 
HSO-TIME 
, 
HSO-COMMAND 
SP 
~ 
TIMERl 
, 
1050 


$INCLUDE(DEM096.INC) 


reeq 
at 
28H 


EXTRN 
tbyte 


HSO 
ON 
01 
dav 
8S0-0r, 
01 
dav 
HSO-ON 
11 
dav 


8S0:0P'_11 
dav 
count; 
dab 


caeq 
at 
2080H 


va1 
t 
EXTRN 
lentry 


at r t t 
01 
to 
AN DB 
XORB 


SP, 
,1008 
OLD 
9TAT, 
1090, 
'Or8 
OLD::STAT, 
'OrK 


1 n 1 t 1 a1 
t 


to 
ex, 
'OIOOR 


AX, 
1I000R 
8X , 
AX. 
ex 
AX, 
ex 


AX, 
RSO -ON 
0 
8X • 
RSO -or'- 0 


loopa 
LD 
SUB 
to 


ST 
ST 
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58R 
S8R 
ST 
8'1' 


CALL 


INC 
CMP 
BN B 


8R 


END 
270061-28 


AI, '1 
8)( , • 1 
AK, 
HSO 
ON 
1 
BX. 
"80:0F,_1 


". i t 


CX 
ex, 
• ooroo" 
loop 


1 n 1 t i _1 


Listing 3-10. Driver Module for HSO PWM Program (Continued) 


Since the 8096 needs to keep track of events which of- 
ten repeat at set intervals it is convenient to be able to 
have Timer 2 act as a programmable modulo counter. 
There are several ways of doing this. The first is to 
program 
the HSO to reset Timer 2 when Timer 2 
equals a set value. A software timer set to interrupt at 
Timer 2 equals zero could be used to reload the CAM. 
This software method takes up two locations in the 
CAM and does not synchronize Timer 2 to the external 
world. 


To synchronize Timer 2 externally the T2 RST (Timer 
2 ReSeT) pin can be used. In this way Timer 2 will get 
reset on each rising edge of T2 RST. If it is desired to 
have an interrupt generated and time recorded when 
Timer 2 gets reset, the signal for its reset can be taken 
from HSI.O instead of T2RST. The HSI.O pin has its 
own interrupt vector which functions independently of 
the HSI unit. 


Another option available is to use the HSI.l 
pin to 
clock Timer 2. By using this approach it is possible to 
use the HSI to measure the period of events on the 
input to Timer 2. If both of the HSI pins are used 
instead of the T2RST and T2CLK pins the HSIO unit 
can keep track of speed and position of the rotating 
device with very little software overhead. This type of 
setup is ideal for a system like the one shown in Figure 
3-1, and similar to the one used in section 4.3. 


In this system a sequence of events is required based on 
the position of the gear which represents any piece of 
rotating machinery. Timer 2 holds the count of the 
number of tooth edges passed since the index mark. By 
using HSI.l 
as the input to Timer 2, instead of T2 
CLK, it is possible to determine tooth count and time 
information through the HSI. From this information 
instantaneous velocity and acceleration can be calculat- 
ed. Having the tooth edge count in Timer 2 means 


LJ--E:----- 
HSI.O OR T2RST 


RESETS' TIMER 
2 AND/OR 


CAUSES 
INTERRUPT 


HSI.1 OR T2CLK 


TIMER 
2 HOLDS 
TOOTH 
COUNT 


HSI MEASURES 
PULSE 
PERIOO 
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that the HSO unit can be used to initiate the desired 
tasks at the appropriate tooth count. The interrupt rou- 
tine initiated by HSLO can be used to perform any soft- 
ware task required every revolution. In this system, the 
overhead which would normally require extensive soft- 
ware has been done with the hardware on the 8096, 
thus making more software time available for control 
programs. 


3.2.3. USING THE SERIAL PORT IN MODE 1 


Mode I of the serial port supports the basic asynchro- 
nous 8-bit protocol and is used to interface to most 
CRTs and printers. The example in Listing 3-11 shows 
a simple routine which receives a character and then 


transmits the same character. The code is set up so that 
minor modifications could make it run on an interrupt 
basis. Note that it is necessary to set up some flags as 
initial conditions to get the routine to run properly. If it 
was desired to send 7 bits of data plus parity instead of 
8 bits of data the PEN bit would be set to a one. Inter- 
processor communication, as described in section 2.3.4, 
can be set up by simply adding code to change RB8 and 
the port mode to the listing below. The hardware 
shown in Figure 3-2 can be used to convert the logic 
level output of the 8096 to ± 12 or 15 volt levels to 
connect to a CRT. This circuit has been found to work 
with most RS-232 devices, although it does not con- 
form to strict RS-232 specifications. If true RS-232 
conformance 
is required then any standard 
RS-232 
driver can be used. 


$INCLUDE(DEM096.INC) 


$TITLE('SP.APT: 
SERIAL 
PORT 
DEMO 
PROGRAM') 


ree9 
at 
28H 


CRRJ 
dab 
1 
SPT!"': dab 
1 
TEMPO 
I 
dab 
1 
TIMPl; 
dab 
1 


RCV_PLAGI 
dab 


ca.1) 
at 
20GeR 


DCW 
.er 
port 
lnt 


08.9 
at 
2010R 


LDB 


LO 
9P, 
'100H 


lOCI, 
1001000001 


, Baud 
rat •• 
input 
frequency 
/ 
('.-baud 
val) 
,baud_val 
- 
(input 
frequency/6.) 
/ baud rat. 


I 
l' 
- 
(12,000,000/'.1/.'00 
baud 


BAUD 
HIGH 
8AUO:LOW 


oqu 


• Set 
.2.0 
to 
7XD 


((baud 
val-ll/25'1 
OR 
10R 
(baud_Val-l) 
MOD 
256 
, Set 
Jl88 
to 
1 
equ 
oqu 


LD8 


Loa 
8AUO REG, 'BAUD LOW 
LOB 
BAUO:J:EG, 
'.AUO:HIGH 


speo" , • 010010018 


J 
The 
•• rlal 
port 
1. 
now 
tnitl.li.ed 


I Bnable 
receiver, 
Mod. 
1 


S~B 
LDB 


loopl 


LD8 
•• 
BR 


seur, 
CHR 
~EMPO. 
1001000008 


INT_MASK, 
'010000008 


loop 


ct.ar 
••clal 
Port 
Set 
'rl-te.p 


, Bnable 
Serial 
Port 
Interrupt 


I 
.elt 
for 
•• rla1 
port 
interrupt 


8P1'&M', 
S.8TAT 
.,8"'0, 
SPTI"' 
SP?EMP,101100000B 
rd_agaln 
J 
Rep.at 
untll 
'1"1and 
RI 
are 
properly 
cl •• red 


'rhl••• 
ction 
of 
code 
can 
be 
replaced 
with 
·0 •• 
"8".0, 
SP 
STA"- 
when 
the 
•• rlal 
port 
'1'1and 
Rt 
bug. 
are 
fl ••d 
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.er 
port 
lnt. 
- 
PUSHP 
rd 
agalnt 
- 
LDa 
00. 
AND8 


3MB 
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get 
byte. 


- 
J8C 


ST8 


ANDB 
LD8 


1'£"'0. 
6, 
put 
byte 
BaU,., 
CHR 
- 
TBMPO. 
,101111118 
Rev _FLAG, 
• 0""8 


If 
Rt-le.p 
t. 
not 
let 
Store 
byte 
eLK 
RI-te.p 
Set 
bit-received 
fla9 


put 
byte: 


J8C 
J8C 
LOB 
"NDB 


Rev 
FLAG, 
0, 
continue 
'l"EMPO, 
5, 
contlnue 
saur, 
CHR 
TEMPO. 
'110111118 


If 
receive 
flag 
la 
cl •• red 
If 
1'1 w •• 
not 
.et 
sen4 
byte 
CL. 
TI-t •• p 


ANDB 
CMPS 
JNE 
LD8 
8R 


CHR. 
,011111118 
CHR,fODH 
elf 
e ev 
CHR-; 'OAR 
continue 


'l"hl•• 
ection 
of 
code 
append. 
an 
LP' .fter 
• CR 
1••• 
nt 


ell' 
rcvl 
CLRS 


contlnuel popr 
UT 


.MD 
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RXD 


VCC 
02. 03 = 1N914 
.•.....• 
R2-R6 = 1800 n 


R3 
VCC 
"'r- 
R2 
1-* 
T1 
'" 


2N2t07 
XMIT DATA 
R6 


(TO RS232 
PIN 3) 


R4 


RCVDATA 


02 
R5 
V' 
•.. 
T2 
.... 
t-. 
2N2222 


..,~ 
C1 
~~ 
01 
11O~ 


RCVDATA 
- 
(FROM 
RS232 PIN 2) 
- 


TXD 


SIGNAL 
GROUND 
(RS232 
PIN 7) 


Figure 3-2. Serial Port Level Conversion 
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The code in Listing 3-12 makes use of the software flags 
to implement a non-interrupt 
driven routine which 
scans A to D channels 0 through 3 and stores them as 
words in RAM. An interrupt driven routine is shown in 
section 4.1. When using the A to D it is important to 
always read the value using the byte read commands, 
and to give the converter 8 state times to start convert- 
ing before reading the status bit. 


Since there is no sample and hold on the A to D con- 
verter it may be desirable to use an RC filter on each 
input. A lOOn resistor in series with a 0.22 uf capacitor 
to ground has been used successfully in the lab. This 
circuit gives a time constant of around 22 microseconds 
which should be long enough to get rid of most noise, 
without overly slowing the A to D response time. 


4.0 ADVANCED SOFTWARE 
EXAMPLES 


Using the 8096 for applications which consist only of 
the brief examples in the previous section does not 


really make use of its full capabilities. The following 
examples use some of the code blocks from the previous 
section to show how several I/O features can be used 
together to accomplish a practical task. Three examples 
will be shown. The first is simply a combination of sev- 
eral of the section 3 examples run under an interrupt 
system. Next, a software serial port using the HSIO 
unit is described. The concluding example is one of in- 
terfacing the HSI unit to an optical encoder to control a 
motor. 


4.1. SimultaneOus 1/0 Routines under 
Interrupt Control 


A four channel analog to PWM converter can easily be 
made using the 8096. In the example in Listing 4 ana- 
log channels are read and 3 PWM waveforms are gen- 
erated on the HSO lines and one on the PWM pin. 
Each analog channel is used to set the duty cycle of its 
associated output pin. The interrupt system keeps the 
whole program humming, providing time for a back- 
ground task which is simply a 32 bit software counter. 
To show which routines are executing and in which 


$INCLUD£(DEM096.INC) 


$TITLE('ATOD.APTI 
SCANNING 
THE 
A 
TO 
D 
CHANNELS') 


RSEG 
at 
28H 


BL 
BOU 
DL 
BOU 
BX.BYTB 
OX 
t BYTB 


RESULT 
TABLBt 
RESULT 
la 
RESULT-21 
RESULT-3a 
RESULT:.t 


dov 
d.v 
d.v 
d.v 


08e9 
at 
2080H 


start. 
LO 
CLR 
SP, 
'lOOK 
8X 


n ex t ; 
ADD8 


, 
Wait 
for 
converalon 
to 
atart 


J 
Start 
converalon 
on 
channel 


J 
indicated 
by 
aL 
r.glater 


NOP 
NOP 
checkt 
JIS 


J 
Set 
Stack 
Pointer 


LOB 
LOB 
AL, 
AD 
RBSULT 
LO 
AH, 
Ao:aBSUL.,:Hl 


AD 
RESULT_LO, 
3, 
check 
,Wait 
while 
A 
to 
0 
la 
busy 


Load 
low 
order 
r •• ult 
Load 
high 
order 
re.ult 


ADDB 
LOBIS 
ST 


DL, 
BL, 
BL 


OX, 
DL 
AX, 
RBSULT 
TA.LBlDX) 


INca 
AN DB 
BL 
BL, 
'OlK 


BR 
next 


END 
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J 
DL-aL*2 


, Store 
re.ult 
indexed 
by 
BL*2 


J 
Incre •• nt 
BL 
.odulo 
• 


Listing 3-12. Scanning the A to D.Channels 
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order, Port 1 output pins are used to indicate the cur- 
rent status of each task. The actual code listing is in- 
cluded in Appendix B. 


be waited between consecutive loads of the HSO. If this 
is not done it is possible to overwrite the contents of the 
CAM holding register. An AID interrupt is forced by 
setting the bit in the Interrupt 
Pending register. This 
causes the first AID interrupt to occur just after the 
Interrupt 
Mask register is set and interrupts 
are en- 
abled. 


The initialization section, shown in Listing 4-1a, clears 
a few variables and then loads the first set of on and off 
times to the HSO unit. Note that 6 state times must 


Listing 4-1_Using Multiple 1/0 Devices 


$TITLE 
('10.6 
EXAMPLE 
,ROGRAM 
rOR 
PM" 
OUTPUTS 
,ROM 
A 
TO 
D 
INPIITS-) 
$PAGEIIIDTHlllO) 


I 
This 
proqr 
•• 
vili 
provide) 
PMM 
output. 
on 
HSO 
ptne 
0-2 


J 
and 
one 
on 
the 
PWM. 
I 
• 
The 
PMM 
valu 
•• 
are 
deter.lned 
by 
the 
input 
to 
the 
AID 
converter. 


I 
f I I I J 
J 
, 
J 
, 
J 
, I I I , t 
f 
, 
, I • I , I I I I I J I , I I " 
I I I J I J I I I I I I J I I I I I I I J I I • I 


$INCLUDE(OIMO'6.INC) 


IlSEG 
AT 
2'" 


DL 
EOU 
DX,IYT. 


ON 
1'1"1& 


PM" 
TIMB 
I, 
OSW 
"SO-OM 
01 
OS. 
HSO-ON-ll 
DSN 
H80:0":Z. 
DS. 


RISULT 
TAIIL&. 


RESULT 
0, 
RESULT-iz 
RESULT-21 
It.SUL,.:] I 


DSII 
DSII 
DSII 
DSII 


NXT 
ON 
T. 
NaY-Opr 
O. 
NI"-OP'-ll 
NI,.-Or,-', 
coui". 
- 
AD 
MUM. 


1'"P, 
HSO 
PIR. 
LASor_LOAD. 


DS" 
DS" 
DS" 
DS" 
DSL 
DS" 
DSII 
DS" 
DS. 


, 
Channel 
bel", 
converted 


AT 
2000" 


Dew 
atart 
, 
Tl.er_oYf_lnt 
Dew 
Atod 
done 
lnt 
DeW 
atart 
, 
HSI_data_lnt 
Dew 
"SO_e.ec_lnt 


AT 
2010H 


SP. 
110.0H 
Al 
Al 
"alt 


atal'tl 
LD 
CL. 
waltJ 
DEC 
JNE 
"alt 
approx. 
0.2 
•• 
conda 
for 
SBa 
to 
flnlah 
coaaunlcatlona 


eLR. 
AD 
MUM 


LD 
LD 
LD 
LD 
LD 


PMM TIME 
1, 
.010H 
H50-PER, 
-'lOOH 
HSO-ON 
O •• 
040H 
HSO-ON-1, 
.O.OH 


H50=ON=2, 
• OCOH 
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LOB 
LD 
NOP 
NOP 
LOB 
ADO 


ORB 
LOB 
LOB 
El 


loop. 
ORB 
ADO 
ADDe 
AM OB 
BR 


HSO 
COMMAND, 
'001101108 
HSO:TIME, 
NXT_ON_T 
Set 
HSO 
tor 
tt.erl. 
eet 
pin 
0.1 
with 
interrupt 


HSO 
COMMAND, 
'001000108 
HSO:TIME, 
NXT_ON_T 


LAST 
LOAD, 
'000001118 
INT 
MASK, 
'000010108 
INT=PENOING, 
1000010108 


Set 
HSO 
for 
tt.erl, 
eet 
pin 
2 
without 
interrupt 


La.t 
104ded 
value 
w •• 
eet 
all 
pins 
Enable 
HSO 
and 
A/o 
interrupta 


rake 
an 
AID 
and 
HSO 
interrupt 


Portl, 
'OOOOOOOla 
COUNT, 
101 
COUNT+2,zero 
Portl, 
1111111108 
loop 


, 
eet 
p1.0 


J 
clear 
pI.D 
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Listing 4-1a. Initializing the A to D to PWM program (Continued) 


HSO 
exec 
intl 
- 
PUSHr 
ORB 


""" 
J I"'" 
J J","'" 
J ',1 
" 
I J I I1 
r r r r r r 1I 
I1I 
I J I J I I I1I 
J 1". 
I ,',111,. 
I I I 
J Il," 


JII"',"',"';' 
RSO 
EXECUTED 
INTERRUPT 
111"""1"""",,, 


J 
I " 
J 
J 
J I I 
J J' 
rr", 
J J', 
J 
J" 
'" 
1 J J J 1" 
III 
" 
J' 
"'" 
I I "1111 
j,,', 
J J I'f 
J 
I 
J J' 
I J, 
I I 
J I 


Portl. 
,00000010B 
J 
Set 
pl.l 


SUB 
TMP.TIM£Rl. 
NXT 
ON 
T 
CMP 
TMP,ZERO 
- 


JLT 
aet_off_tt.ea 


eet_on 
tl.eel 
ADO 
LOB 
LO 
NOP 
NOP 
LOB 
LO 


ORB 


NXT 
ON 
T, 
HSO 
PBR 
HSO-COMMAND, 
i001101108 
HSO:TIMB, 
NXT_ON_T 
I 
Set 
HSO 
for 
tl.erl, 
aet 
pln 
0.1 


HSO 
COMMAND, 
,00100010B 
HSO:TIME, 
NXT_ON_T 


J 
Set 
HSO 
for 
tl.erl, 
set 
pin 
2 


LAST_LOAD, 
'000001118 


I 
Nov 
1 ••• 
qood 
• 
tl ••• 
s 
.ny 
I 
to 
update 
the 
PMM 
req 


set_off 
tl.esl 
JBC 
LAST_LOAD, 
0, 
check_done 


ADD 
NIT 
OFr 
0, 
NXT 
ON 
T, 
HSO 
ON 
0 
LOB 
HSO-COMMAND, 
1000100008 
I 
Set 
HSO 
for 
tl.erl, 
clear 
pin 
0 
LD 
HSO=TIME, 
NXT_OF'_O 


NOP 
AOD 
NXT 
OFF 
1, 
NXT 
ON 
T, 
HSO 
ON 
1 
LOB 
HSO-COMiAND, 
'~OOIOOOIB 
- 
-, 
Set 
HSO 
for 
tl.e~l, 
clear 
pin 
1 
LD 
HSO:TIME, 
NXT_OFF_l 


NOP 
AOD 
NXT 
orr 
2, 
NXT 
ON 
T, 
HSO 
ON 
2 
LOB 
HSO-COMMAND, 
,000100108 
- 
- 
J 
Set 
HSO 
for 
tt.erl, 
clear 
ptn 
2 
LO 
HSO-TIME, 
NXT 
opr 
2 


ARDa 


check 
done: 
ANCB 
popr 


RET 


LAST_LOAD, 
,111110008 
J 
Last 
loaded 
value 
was 
alIOs 


Portl, 
,111111018 
J 
Cl ea.r 
PI. 1 
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r 
IIIIIII1I1II 
I 'JJIII 
J Il,', 
JII 
, 
IIIII 
'J 
111" 
11111"" 
11 
I I ',1 
JIIIIIIIII" 
If 
11 
,,, 


',JIIIJII',",II 
A 
TO 
D 
COMPLBTE 
INTERRU'1' 
111111,',1",111,', 


J I I I J I J 
JJ 
I " 
J I I I I , J I J I J 
J 
J 
J 
J I I I I I I I I I , I , J I I I I I I I I I I I I I , I I 
J I I , I I I I I , I J I I I I I I I I I 


ATOO 
done 
int. 
- 
pijSHP 
ORB 
portl, 
'000001008 
, 
Set 
.1.2 


ANDB 
LDB 
ADDB 
LDBZ!: 
8T 


AL, 
AD 
RBSULT 
LO,Il1000000a 
AH, 
"0-.18U['''-81 
DL, 
AO-NUM, 
AD 
NUM 
OX, 
DL- 
- 


AX, 
RBBULT_TABLEIOX) 
I 
Store 


J 
Loed 
low 
order 
r •• ult 
I 
Lo.4 
hi,h 
order 
r•• ult 
I 
DL- 
AD_NUM 
-2 


, •• 
ult 
inde.ed 
by 
OX 


CMPB 
AL. 
101000000. 
3MH 
no 
cnd 
I 
Round 
up 
if 
n •• ded 
CM'. 
AB~'OprR 
J 
Don't 
incr 
••• 
nt 
if 
Aft-Orr" 
J& 
no 
rncS 
INca 
1.8- 


no 
rnd. 
LOB 
CLR. 
ST 


AL, 
AM 
I 
Allgft 
byte 
end 
change 
to 
word 
AB 
AX. 
ON 
TIMBIDX) 


INC. 
AND. 
AD 
NUM 
AO:NUM, 
'0)8 


AD_COMMAND, 
AD 
NUM, 
,10001 
, 
Start 
conver.ion 
on 
channel 
I 
indicated 
by 
AD 
NUM 
r.,iater 
.ortl, 
'111110118 
I 
Cl.ar 
'1.2 
- 


n.Kt: 
ADDI 


I 
Keep 
AD 
NUM 
between 
0 
.nd 
1 


Listing 4-1c. Interrupt Driven A to D Routine 


270061-37 


AMDB 
,OPP 
RBT 


BND 


The RSO routine shown in Listing 4-lb is slightly dif- 
ferent than the one in section 3. All of the RSO lines 
turn on at the same time, only the turn-off-time is var- 
ied between lines. This action is what is most common- 
ly required for multiple PWM outputs and simplifies 
the software. A comparison is made between Timerl 
and the next RSO turn on time at the beginning of the 
routine. If the next turn on time has passed, then the 
on-times are loaded into the CAM, otherwise the off 
times are loaded. 


The maximum number of events in the CAM at any 
given time is 7. This occurs when the first line to turn 
off does so, causing the off-times for all of the lines to 
be loaded. For two of the lines there will be an offtime, 
an on-time, and the just loaded off-time. The other line 
(the one that just turned oft) will have only the on-time 
and the just loaded off-time. 


AID conversions are performed by the code in Listing 
4-lc about every 60 microseconds, 42 for the conver- 
sion, the rest for overhead. The AID routine sets up the 
RSO and PWM on and off times. Since the AID 


has a ten bit output, the most significant 8 bits are 
rounded up or down based on -the least significant two 
bits. 


4.2. 
Software 
Serial Port Using the 
HSIO Unit 


There are many systems which require more than one 
serial port, an example is a system which must commu- 
nicate with other computers and have an additional 
port for a local console, If the on-board UART is being 
used as an inter-processor link, the RSIO unit can be 
used to interface the 8096 to an additional asynchro- 
nous line. 


Figure 4-1 shows the format of a standard ID-bit asyn- 
chronous frame, The start bit is used to synchronize the 
receiver to the transmitter; at the leading edge of the 
START bit the receiver must set up its timing logic to 
sample the incoming line in the center of each bit. Fol- 
lowing the start bit are the eight data bits which are 
transmitted least significant bit first. The STOP bit is 
set to the opposite state of the START bit to guar- 
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STOP 
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Figure 4-1. 10-bit Asynchronous 
Frame 


antee that the leading edge of the START bit will cause 
a transition on the line; it also provides for a dead time 
on the line so that the receiver can maintain its syn- 
chronization. 


The remainder of this section will show how a full-du- 
plex asynchronous port can be built from the HSIO 
unit. There are four sections to this code: 
1. Interface routines. These routines provide a proce- 
dural interface between the interrupt driven core of 
the software serial port and the remainder of the ap- 
plication software: 
2. Initialization routine. This routine is called during 
the initialization of the overall system and sets up the 
various variables used by the software port. 


3. Transmit ISR. This routine runs as an ISR (interrupt 


service routine) in response to an HSO interrupt in- 
terrupt. Its function is to serialize the data passed to 
it by the interface routines. 


4. Receive ISRs. There are two ISRs involved in the 
receive process. One of them runs in response to an 
HSI interrupt and is used to synchronize the receive 
process at the leading edge of the start bit. The sec- 
ond receive ISR runs in response to an HSO generat- 
ed software timer interrupt. this routine is scheduled 
to run at the center of each bit and is used to deseri- 
alize the incoming data. 


The routines share the set of variables that are shown in 
Listing 4~2.These variables should be accessed only by 
the routines which make up the software serial port. 


VARIABLES 
NEEDED 
BY 
THE 
SOFTWARE 
SERIAL 
PORT 


rcve 
atate: 
rK'(dy 
(xoverrun 
tip 
[eYe_but: 
reve 
regl 
••• pr._ti 
••• 


dob 
equ 
eq u 
equ 
dab 
dab 
dow 


indicate. 
receIve 
40ne 
indicates 
receIve 
overflov 
receIve 
In 
progre 
•• 
flag 
uled 
to 
double 
buffer 
receive 
data 
uled 
to 
d ••• rlallle 
receIve 
eecords 
l.at 
receIve 
a •• ple 
tie. 


daw 


Holds 
the 
output 
character+fr 
•• lng 
(start 
atop 
bite) 
for 
tran 
•• it 
proc 
•••• 
Hold. 
the 
period 
of 
one 
bit 
in 
unit. 
of 
'1'1 
tick 
•. 
Tranettlon 
ti •• 
of 
l.at 
Txd 
bIt 
that 
" •• 
sent 
to 
the 
CAM 
for 
teat 
only 


d." 
1 


d." 
1 


c b e ri, 
,,,, 
.ark 
co •• and 
apace 
co •• and 
••• pte_co 
•• and 


dab 
1 


COMMANDS 
ISSUED 
TO 
~HB 
"SO 
UNIT 


equ 
eq u 
equ 


OllOlOlb 
OOlOlOlb 
OOllOOOb 


$eject 
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and 


tl •• rl,.et,lnterrupt 
on 
tl •• rl,clr,lnterrupt 
on 
aoft"ere 
tt.er 
0 


Listing 4-2. Software Serial Port Declarations 
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The table also shows the declarations for the com- 
mands issued to the HSO unit. In this example HSI.2 is 
used for receive data and HSO.5 is used for transmit 
data, although other HSI and HSO lines could have 
been used. 


The interface routines are shown in Listing 4-3. Data is 
passed to the port by pushing the eight-bit character 
into the stack and calling char_out, 
which waits for 
any in-process transmission to complete and stores the 
character into the variable serial_out. As the data is 


stored the START and STOP bits are added to the data 
bits. The routine char-in 
is called when the applica- 
tion software requires a character from the port. The 
data is returned in the ax register in conformance to 
PLM 96 calling conventions. The routine csts can be 
called to determine if a character is available at the port 
before calling char_in. 
(If no character 
is available 
char_in 
will wait indefinitely). 


The initialization routine is shown in Listing 4-4. This 
routine is called with the required baud rate in the 


I 
char 
outs 


J 
Output 
character 
to 
the 
eoft.are 
•• rlal 
port 
I 
pop 
pop 
ldb 
add 
• alt 
fo[_x.lts 
c. p 
bne 
at 
br 


cx 
bx 
(b"l) 
.,Olh 
ba,b • 


•• rla1 
out,O 
wait 
ror 
•• 1t 
ba,.eclar 
out 
lc x I 
- 


the 
return 
a44, 
••• 
the 
character 
for 
output 
a4d 
the 
atart 
an4 
atop 
bita 
to 
the 
char 
and 
l.ave 
•• 
16 
bit 


wait 
for 
•• r1al 
out-O 
(it 
.111 
be 
cl.ared 
by 
the 
hao 
Interrupt 
peoc 
••• 
) 
put 
the 
(or •• tte4 
charaeter 
In 
•• rlal_out 
return 
to 
caller 
I 
cat., 
I 
Return. 
-tru.- 
(•• <>0) 
If 
char_In 
ha •• 
character. 


I 
clr 
bbc 
Inc 
cat 
•• 
xlt, 
rot 


ax 
rcve_Itate,O,cetl_ 
•• lt 
.x 


I 
char 
1nl 


J 
Get 
a 
character 
fro. 
the 
eott.are 
•• rlal 
port 
I 


bbc 


•. p u a h f 
• ndb 
Idb •• 
pop! 
ret 


, 
.alt 
for 
character 
r •• dy 
reye 
at.te,a,char 
In 
- 
,- •• t 
up 
a 
critical 
r.glon 
rcv. 
atate,'not(rxrdy) 
al,rcve_buf 
, 
leave 
the 
critical 
region 
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Serial Port Interface 
Routines 


I 
s.tup 
•• rlal 
portl 
f 
Call.d 
on 
.y.te. 
re.et 
to 
lntlate 
the 
loftware 
•• rlal 
port. 
I 
pop 
pop 
ld 
Id 
dlvu 
at 
at 
ldb 
bba 


add 
Idb 
ld 
clrb 
clrb 
clrb 
call 
br 


cx 
bx 
dx,'0007h 
a.,'OA120h 
a., b. 
a.,baud 
count 
O, •• rlal 
out 
locl.,OlIoOOOOb 
10.0,6,f 


the 
return 
addr 
••• 
the 
baud 
rat. 
(In 
dect.al) 
d ••••• 
·SOO,OOO 
(a •• u.e. 
12 
Mha 
cry.t.l) 


, 
calculate 
thl 
baud 
count 
(500,OOO/baudrate) 


'rxd 
the 
RSO 
CAM 
co •• and. 


.etup 
to 
d.tect 
a 
.tart 
bit 
return 


Listing 4·4. Software 
Serial Port Initialization 
Routine 
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cl.ar 
.erlal 
out 
Bnable 
R80.5 
and 
watt 
for 
roo. 
in 


J 
and 
1 •• ue 
a 
MAR. 
t.d 
tl •• ,tl •• rl,20 
h.o-co 
•• and".ark 
co •• and 
hlc-ti 
•• ,tad 
tt •• - 
rcye_buf 
- 
J 
cl.ar 
out 
the 
r.c.lvl 
variabl.1 
rcv. 
re, 
rcve-.tate 
lnlt-r.cliv. 
,cx,- 
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stack; it calculates the bit time from the baud rate and 
stores it in the variable baud_count in units of TIM- 
ERI ticks. An HSO command is issued which will initi- 
ate the transmit process and then the remainder of the 
variables owned by the port are initialized. The routine 
init_receive is called to setup the HSI unit to look for 
the leading edge of the START bit. 


nificant bit is output and the register shifted right one 
place. The framing information (START and STOP 
bits) are appended to the actual data by the interface 
routines. Note that this routine will be executed once 
per bit time whether or not data is being transmitted. It 
would be possible to use this routine for additional low 
resolution timing functions with minimal overhead. 


The transmit process is shown in Listing 4-5. The HSO 
unit is used to generate an output command to the 
transmit pin once per bit time. If the serial_out regis- 
ter is zero a MARK (idle condition) is output. If the 
serial_out 
register contains data then the least sig- 


The receive process consists of an initialization routine 
and two interrupt service routines, hsi_isr 
and soft- 
ware_timer _isr. 
The listings of these routines are 
shown in Listings 4-6a,4-6b, and 4-6c respectively. The 
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hao 
l.r~ 
, ,r.ld. 
the 
hao 
interrupt. 
an4 
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•• 
the 
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of 
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I 
Notes 
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routine 
would 
be 
incorporated 
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the 
hao 
•• rvlce 
atrategy 
for 
an 
, 
actual 
ayat 
••• 


c··9 
de •• 
• 
Set 
up 
vector 


c··9 
pushf 
odd 
e.p 
b. 
oh. 
be 
•• 
n4 
apaeel 


ldb 
ld 
b • 
•• nd 
.ark. 
Idb 
ld 


tad 
tt.a,baud 
count 
aeri.l 
out,O 
- 
J 
if 
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done 
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•••• 
n4 
bit 
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l.ft 
one 
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eo ••• nd 
hao-tl 
•• ,txd 
tl •• 
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hao:lsr_e.lt- 


hac 
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•• rk 
co ••• 
nd 
hac-tt 
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•• lts 
pop! 
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Listing 4-5. Software Serial Port Transmit Process 


Listing 4-6. Receive Process 
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clear 
bit 
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be 
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flush 
fifo 
doneJ 
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, 
h81 
1. r t 


'[.lds 
1nterrupts 
fro. 
the 
HSI 
unit, 
used 
to 
detect 
the 
1.ad1ng 
ed9_ 
of 
the 
START 
bi t 
Note: 
this 
routine 
would 
be 
incorporated 
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the 
HSI 
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of 
an 
actual 
ayatea. 


cseq 
at 
200.h 
de.... 
hsi_la, 


cs.g 
pushf 
push 
Idb 
Id 
bbc 
bb. 
Id 
ehr 
add 
Idb 
e t 
Idb 
ex 1t 
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t 
pop 
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interrupt 
vector 
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al,hal 
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.a.ple-tie.,hat 
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hat 
1080,7,$ 
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eo •• and 
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tro. 
change 
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listing 
4-6b. Software 
Serial Port Start Bit Detect 


, 
software 
tiaer 
larr 


Pleld.-the 
8ottw.re 
ti.er 
interrupt, 
used 
to 
de •• r1411ae 
the 
lnco 
•• ing 
data. 


Note: 
this 
routine 
would 
be 
incorporated 
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the 
software 
ti.er 
state9Y 
in 
an 
actual 
syate 
•. 


cse9 
at 
200ah 
dcw 
software 
tt.er_ier 


cee9 
pushf 
orb 
andb 
andb 
bne 
process 
start 
bbc 
call 
br 
atart 
ok, 
orb 
br 


procea. 
datal 
bb. 
ahrb 
bbc 
orb 
datazero: 


addb 
br 


check 
stopbitl 


bbc 
Idb 
orb 
andb 
call 
br 


J 
aetup 
vector 


iosl 
aave,loal 
loal-save,fnot(Olh} 
O,rcve 
atate,fOfch 
procea. 
data 
bi t I 
- 
hal 
atatu.,5,atart 
ok 
inlt 
recelve 
eoftvare_ti.er_exit 


clear 
bit 
0 
All 
bita 
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rxrdy 
and 
overrun-O 
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J 
.et 
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•• ple 
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state,7,check 
atopblt 
rcve-re9,ll 
hsl 
etatua,5,datazero 
rcve_re9,f.Oh 
I 
eet 
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data 
bit 


rcve 
atate,IIOh 
, 
incre.ent 
blt 
count 
aChedule_sa.Ple 


hai 
etatua,5,$ 
I 
DE8UG 
ONLY 
rcve 
buf, 
r c v e 
re9 
rcve-etate,lrxrdy 
rcve-.tate,IOlh 
I 
Clear 
all 
but 
ready 
and 
overrun 
bite 
lnlt-recelve 
aoftvare_tl.er_exit 


schedule 
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10sO,7,$ 
I 
wait 
for 
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re9 
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ldb 
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co •• and,l.a.ple 
co •• and 
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aa.pIe 
tl.e,baud 
count 
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.a.ple:tla.,hao_tlae 


aoftware 
tl.er 
exitl 
popf 
re. 


270061-45 


listing 
4-6c. Software 
Serial Port Data Reception 
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start is detected by the hsi~isr which schedules a soft- 
ware timer interrupt in one-half of a bit time. This first 
sample is used to verify that the START bit has not 
ended prematurely (a protection against a noisy line). 
The software timer service routine uses the variable 
rcve-.Jtate to determine whether it should check for a 
valid START bit, deserialize data, or check for a valid 
STOP bit. When a complete character 
has been re- 
ceived it is moved to the receive buffer and init_receive 
is called to set up the receive process for the next char- 
acter. This routine is also called when an error (e.g., 
invalid START bit) is detected. 


Appendix C contains the complete listing of the rou- 
tines and the simple loop which was used to initialize 
them and verify their operation. The test was run for 
several hours at 9600 baud with no apparent malfunc- 
tion of the port. 


4.3. 
Interfacing 
an Optical Encoder to 
the HSI Unit 


Optical encoders are among one of the more popular 
devices used to determine position of rotating equip- 
ment. These devices output two pulse trains with edges 
that occur from 2 to 4000 times a revolution. 


Frequently there is a third line which generates one 
pulse per revolution for indexing purposes. Figure 4-2 
shows a six line encoder and typical waveforms. As can 
be seen, the two waveforms provide the ability to deter- 
mine both position and direction. Since a microcontrol- 
ler can perform real time calculations it is possible to 
determine velocity and acceleration from the position 
and time information. 


Interfacing to the encoder can be an interesting prob- 
lem, as it requires connecting mechanically generated 
electrical signals to the HSI unit. The problems arise 
because it is difficult to obtain the exact nature of the 
signals under all conditions. 


The equipment used in the lab was a Pittman 9400 se- 
ries gearmotor with a 600 line optical encoder from 
Vemitech. The encoder has to be carefully attached to 
the shaft to minimize any runout or endplay. Fortu- 
nately, Pitmann 
has started marketing 
their motors 
with ball bearings and optical encoders already in- 
stalled. It is recommended that the encoder be mounted 
to the motor using the exact specifications of the encod- 
er manufacturer and/or a good machine shop. 
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Figure 4-2. Optical Encoder 
and Waveforms 
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Digital filtering external to the 8096 is used on the en- 
coder signals. The idealized signals coming froni the 
encoder and after the digital filter are shown in Figure 
4-3. The circuitry connecting the encoder to the 8096 
requires only two chips. A one-shot constructed 
of 
XOR gates generates pulses on each edge of each sig- 
nal. The pulses generated by Phase A are used to clock 
the signal from Phase B and vice versa. The hardware is 
shown in Figure 4-4. CMOS parts are used to reduce 
loading on the encoder so that buffers are not needed. 
Note that T2CLK is clocked on both edges of both 
filtered phases. 


By using this method repetitive edges on a single phase 
without an edge on the other phase will not be passed 
on to the 8096. Repetitive edges on a phase can occur 
when the motor is stopped and vibrates or when it is 
changing direction. The digital filtering technique caus- 
es a little more delay in the signal at slow speeds than 
an analog filter would, but the simplicity trade off is 
worthwhile. The net effect of digital filtering is losing 
the ability to determine the first edge after a direction 
change. This does not affect the count since the first 
edge in both directions is lost. 


AP-248 


If it is desired to determine when each edge occurs be- 
fore filtering, the encoder outputs can be attached di- 
rectly to the 8096. As these would be input signals, Port 
o is the most likely choice for connection. It would not 
be required to connect these lines to the HSI unit, as 
the information on them would only be needed when 
the motor is going very slowly. 


The motor is driven using the PWM output pin for 
power control and a port pin for direction control. The 
8096 drives a 7438 which drives 2 opto-isolators, 
These 
in turn drive two VFETs. A MOV (Metal Oxide Varis- 
tor, a type of transient absorber) is used to protect the 
VFETs, and a capacitor filters the PWM to get the best 
motor performance. Figure 4-5 shows the driver cir- 
cuitry. To avoid noise getting into the 8096 system, the 
± 15 volt power supply is isolated from the 8096 logic 
power supply. 


This is the extent of the external circuitry required for 
this example. All of the counting and direction detec- 
tion are done by the 8096. There are two sections to the 
example: driving the motor and interfacing to the en- 
coder. The motor driver uses proportional control with 
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NOTES: 
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Figure 4-3. Filtered Encoder Waveforms 
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some modifications and a braking algorithm. Since the 
main point of this example is I/O interfacing, the mo- 
tor driver will be briefly described at the end of this 
section. 


In order to interface to the encoder it is necessary to 
know the types of waveforms that can be expected. The 
. motor was accelerated and decelerated many times us- 
ing different maximum voltages. It was found that the 
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Figure 4-4. Schematic of Optical Encoder to 8096 Interface 
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Figure 4-5. Motor Driver Circuitry 
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, I' 
IIII 
I IIII 
If 
11111,"""""" 
1111111",11,', 
',1 
""",,,, 
I"'" 
I "", 
I1 ,,1 
""" 
sorTWARE 
"tHBR 
ROUTI"I 
0 
,""",", 
"1'" 
NOW 
USING 
H80.0 
'1'0 
'l'RIGGBR 
11,',""', 
"".,,.,., 
""".",.,,',1 
J ",11,' 
If' 
I I"'" 
I' 
1111" 
I" 
r r r ) r r r t t r r r t 
,,",, 
I1 


motor would decelerate smoothly until the time be- 
tween encoder edges was around lOOmicroseconds. At 
this point the motor would either continue to decelerate 
slowly, or would suddenly stop and reverse. The latter 
case is the one that was most problematic. 


After a brief overview, each section of the program will 
be described separately, with the complete listing in- 
cluded in the Appendix D. In order to make debugging 
easier, as well as to provide insight into how the pro- 
gram is working, I/O port I is used to indicate the 
program status. This information consists of which rou- 
tine the program is in and under which mode it is oper- 
ating. The main program sections are: Main loop, HSI 
interrupt, Timer 2 check, and Motor drive. There are 
also minor sections such as initialization, timer over- 
flow handling, and software timer handling. Tying ev- 
erything together is some overhead and glue. Where the 
glue is not obvious it will be discussed, otherwise it can 
be derived from the listings. 


The program is a main loop which does nothing except 
serve as a place for the program to go when none of the 
interrupt routines are being run. All of the processing is 
done on an interrupt basis. 


There are three basic software modes which are in- 
voked depending on the speed of the motor. The modes 
referred to as 0, 1 and 2, in order from slowest to fastest 
operation. When the program is running the operating 


tapl,'I't •• c 
2,old 
t2 
tapl,.2 
- 
- 
end_l"tO 


Portl,O,end 
a.,tO 
Port1 
•• llllI100a 
IOCO.'OlOlOlOlB 
1.•• t 
at.t, 
•• ro 
.nd_i"tO 


CSEG 
AT 
nlOH 


mode is indicated by the lower 2 bits of Port I, with the 
following coding: 


P1.0 P1.1 Mode 
Description 


0 
0 
0 
HSllooks at every edge 
1 
0 
1 
HSllooks at Phase A edges only 
0 
1 
2 
Timer 2 used instead of HSI 
1 
1 
2 
(alternate form of above) 


The example is easiest to see if mode 2 is described first, 
followed by mode I then mode O.In mode 2 Timer 2 is 
used to count edges on the incoming signal. A software 
timer routine, which is actually run using HSO.O, uses 
the Timer 2 value to update a LONG (32-bit) software 
counter labeled POSITION. The HSO routine runs ev- 
ery 260 microseconds. The HSO.O interrupt is used in- 
stead of an actual software timer because of the ability 
to easily unmask it while other software timer routines 
are running. 


In the code in Listing 4-7, the mode is first determined. 
For the first pass ignore the code starting with the label 
in_mode_l. Starting with in_mode_2 the counter is 
incremented or decremented based on bit zero of DI- 
RECf. 
If DIRECf.O 
= 0 the motor is going back- 
ward, if it is a 1 the motor is going forward. Next the 
count difference is checked to see if it is slow enough to 
go into mode 1. If not the routine returns to the code it 
was running when the interrupt occurred. 


J 
•• 
t 
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PUSHr 
1db 
odd 
H80 
COMMAND,110B 
H80:'I'1••8,'I'I•••• l,H800 
etly 
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1d 
jb. 


port1 
•• 001oooooa 
'I'1 •• 
r 
2,'I'IMBR2 
portl;1,ln_aode2 


1n .ode1. 
- 
• ub 
c.p 
jh 
.et 
aodeO. 
jbc 
andb 
1db 
1db 
br 


, Check 
count 
41fference 
1n 
tap1 


1f 
already 
1n a04. 
0 
Cl.ar 
Pl.O, 
Pl.1 
(.et 
a04. 
0) 
enable 
all 
HaI 
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1n 
.ode2: 


- 
8ub 
Id 


l"_tvdz 
add 
addc 
br 


jbc 
direct,G,in_rev 


delta 
p,tl.er 
2,t.r2 
old 
tar2_o1d,tl 
•• r_2 
- 


chit 
aode: 
- 
sub 
c e p 
19t 


set 
.odel: 
andb 
orb 
Idb 
Id 
"ub 


cl r 
h al 
f 


Id 
andb 
orb 
lb. 


end 
.",to: 


Id 
andb 
POP, 
e e t 


position,delta 
p 
poaltlon+2,lero 
chk_aode 


poaltlon,delta 
p 
poal 
tion+2,aero 


tapl.Tl 
•• 
e 
2,01d 
t2 
tapl,IS 
- 
end_a.,tO 
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get 
ti •• 
rl 
count 
difference 


Check 
count 
difference 
In 
tapl 
.et 
aod.1 
if 
count 
Is 
too 
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count 
<- 
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Portl,lllllllOlB 
I 
Clear 
Pl.1, 
.et 
PI.O 
(aet 
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1) 
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, 
enable 
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TIMB 
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set 
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TIME 
10sl 
bak,iOlllllllB 
losl-balt,losl 
losl:bak,1,Clc_hsl 


old 
t2,TIMER 
2 
portl,.110llIl18 


f 
clear 
bit 
1 


, 
If 
hat 
1s 
tri9gered 
then 
clear 
ha1 


I 
clear 
.1.5 
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Listing 4·7. Motor Control 
HSO.O Timer Routine 
(Continued) 


If the pulse rate is slow enough to go to mode I, the 
transition is made by enabling HSI.O and HSI.I. Both 
of these lines are connected to the same encoder line, 
with HSI.O looking for rising edges and HSI.I looking 
for falling edges. The HSI_TIME 
register is read to 
speed up clearing the HSI FIFO and the LASTl_ 
TIME value is set up so the mode I routine does not 
immediately put the program into another mode. The 
HSI FIFO 
is then cleared, the Timer 2 value used 
throughout 
this routine is saved, and the routine re- 
turns. 


This routine still runs in modes 0 and I, but in an 
abbreviated form. The section of code starting with the 
label in_model checks to see if the pulses are coming 
in so slowly that both HSI lines can be checked. If this 
is the case then all of the HSIs are enabled and the 
program returns. This routine is the secondary method 
for going from mode I to mode 0, the primary method 
is by checking the time between edges during the HSI 
routine, which will be described later. 


The HSO routine will enable mode 0 from mode I if 
two edges are not received every 260 microseconds. The 
primary method, (under the HSI routine), can only 


enable mode 0 after an edge is received. This could 
cause a problem if the last 2 edges on Phase A before 
the encoder stops were too close to enable mode O. If 
this happened, mode 0 would not be enabled until after 
the encoder started again, resulting in missed edges on 
Phase B. Using the HSO routine to switch from mode I 
to mode 0 eliminates this problem. 


Figure 4-6 shows a state diagram of how the mode 
switching is done. As can be seen, there are two sources 
for most of the mode decisions. This helps avoid prob- 
lems such as the one mentioned above. 


When either Mode I or Mode 0 is enabled the HSI 
interrupt routine performs the counting of edges, while 
the HSO routine only ensures that the correct mode is 
running. The routines for modes 0 and I share the same 
initialization and completion sections, with the main 
body of code being different. 


The initialization routine is similar to many HSI rou- 
tines. The flags are checked to ensure that the HSI 
FIFO data is valid, and then the FIFO is read. Next, 
the main body of code (for either mode 0 or mode I) is 
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NOTES: 
Mode 
0: HSI Examines 
edges 
on Phase A and B 
Mode 
1: HSI Examines 
edges 
on Phase A only 
Mode 
2: TIMER 
2 stores 
edgecount 


Figure 4-6. Mode State Diagram 
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end 
of 
hat 
data 
interrupt 
routine 


J 
Routine 
for 
.od. 
I 
folIo". 
and 
then 


270061-53 


listing 
4-8. Motor Control HSI Data Available Routine 
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run. At the end time and count values are saved and the 
holding register is checked for another event. Listing 4- 
8 contains the initialization and completion sections of 
the HSI routine. 


Listing 4-9 is the main body of the Mode 1 routine. 
Before any calculations are done in Mode 1, the incom- 
ing pulse period is measured to see if it is too fast or too 
slow for mode 1. The time period between two edges is 
used so that the duty cycle of the waveform will not 
affect mode switching. If it is determined that Mode 2 
should be set, Port 1.1 is set, all of the HSI lines are 
disabled, and the HSI fifo is cleared. If Mode 0 is to be 
set all of the HSI lines are enabled and the variable 
LAST_STATis 
cleared. LAST_STAT 
= 0 is used as 
a flag to indicate the first HSI interrupt in Mode 0 after 
Mode 1. After the mode checking and setting are com- 
plete the incremental value in Timer 2 is used to update 


POSITION. The program then returns to the comple- 
tion section of the routine. 


There is a lot more code used in Mode 0 than in Mode 
1, most of which is due to the multiple jump statements 
that determine the current and previous state of the 
HSI pins. In order to save execution time several blocks 
of code are repeated as can be seen in Listing 4-10. The 
first determination is that of which edge had occurred. 
If a Phase A edge was detected the LASTI_TIME 
and 
LAST2_TIME variables are updated so a reference to 
the pulse frequency will be available. These are the 
same variables used under Mode 1. A test is also made 
to see if the edges are coming fast enough to warrant 
being in Mode 1, if they are, the switch is made. If the 
last edge detected was on Phase B, the information is 
used only to determine direction. 


.ndb 
j •• 
cap 
ti •• 
: 


, 
Mode 
1 
HSI 
routlne 


tapl,hat 
aO.fOiolOOOOa 
no 
cnt 
- 


Id 
1 •• t2 
tt •• 
,1 •• t1 
tl •• 
Id 
1 •• tl:tl 
•• ,tl •• 


tapl,tl 
•• ,1 •• t2 
tt •• 
tapl,.tn 
hall 
- 
check_.a._ti 
•• 


e e e 
.ode 
2. 
orb 
Idb 
at_hat; 
Id 
.ndb 
o<b 
j b. 
b< 


poctl,1000000108 
roco.'OOooooooa 
a.co,hat 
tt •• 
loal 
bak:.Ollllllla 
lost-bat,loal 
loal-bak,1,at 
hal 
done-ehlt 
- 


check 
••• 
tl.el 


sub 
tapl,tl 
•• ,1 •• t2 
tt •• 
cap 
tapl,.a._hall 


jnh 
done 
chit 


set 
Mode 
0: 


.ndb 
Idb 
Idb 


done 
chit 
I 
Bub 
jbc 
add 
{vd; 


- 
add 
addc 
b< 
add 
rev; 
Bub 
• ubc 
b< 


$.j8Ct 
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portl,111111100. 
IOCO,.OIOlOIDIS 
1 •• 
t_8tat,aero 


delta 
p,tl.er 
2,tac2 
old 
dlrect,O,add_rev 


position,delta 
p 
poaition+2,zero 
load_lasts 


position,delta 
p 
position+2,zero 
load_lasts 


Procedure 
vhich 
set 
•• 
04e 
1 
.1.0 
seta 
ti.es 
to 
p ••• 
the 
teata 


Set 
Pl.l 
(in 
.ode 
2) 
Dl •• bl. 
all'851 
•• pty 
the 
hal 
flfo 
r 
clear 
bit 
1 


, 
If 
ha! 
i. 
triggered 
then 
clear 
h.i 


..x 
h.t 
•• 
ddition 
to 
.in_hal 
for 
total 
e t e e 


clear 
Pl.O,l 
.et 
.04e 
0) 
Enable 
all 
HSI 


f 
get 
ti.er2 
count 
difference 


Listing 4·9. Motor Control 
Mode 
1 Routines 


5-49 


• 


intel· 
AP-248 


In 
.ode 
0: 
- 
-j b. 
j b. 
jb. 
j b. 
br 


"'_1'1 •• 
; 
ld 
id 


• ub 
e.p 
j h 
,e.t 
aodel- 
orb 
idb 
tat 
e e e t e t 
- 
jb. 
lb. 
lb. 
capb 
je 
br 


• _fall 
t 
Id 
id 


• ub 
e.p 
1 h 
,.et 
.04el- 
orb 
1db 
tat 
atatf: 
- 
jb. 
jb. 
jb. 
c.pb 
j. 
br 


b_ri 
•• 
: 
jba 
lb. 
jb. 
capb 
j e 
br 


b_fall: 
jb. 
jb. 
jb. 
capb 
j. 
br 


first 
tl •• 
: 


.tb 
br 
'np 
81'1'; 


- 
br 


ch.nge 
dl r: 


notb 
no_tnc: 
jbc 


901n9 
fvd: 
- 
orb 
idb 
add 
.dele 
br 
901n9 
revl 
.ndb 
idb 


• ub 
aubc 


hat 
,,0,0,. 
e t •• 
ha'-.O,2,.-'all 
hat-.O.4,b-rl 
•• 
ha.:.O,6,b=fall 
no_cnt 


1 •• t2 
t1 •• 
,1 •• tl 
tl •• 
1•• tl-tla.,tl 
•• 
tl •• ,i ••t2 
tt •• 
tt •• ,.ln 
hel 
tat_atate 


Portl.'000000011 
Set 
Pl.0 
(In 
.04. 1) 
IOCO,tOOaGaIOl. 
Bnable 
H81 
0 
and 
1 


1 •• t 
atat,',901n9 
rwd 
1 •• t-.tat,4,901n,-rav 
laat-.tat,l,chen,_ 
die 
l •• t-.tat, 
•• to 
- 


flrat 
tl.. 
r 
flrat 
tl •• 
In 
aodeO 
IftP_arr 


1 •• t2 
tt •• 
,l •• tl 
tla 
• 
1 •• tl-tl 
•• 
,tl •• 
tl •• ,r••t2 
tt •• 
tt •••• 
ln 
hit 
tat_.tatl 


,ort1,1000000018 
Sat 
Pl.O 
(1n 
.ode 
1) 
IOCD,fOOOOOlOll 
Bnable 
HSI 
0 
and 
1 


laat 
atat,.,901nt 
fvd 
laat-atat,6,toln,-re. 
laat-atat,O,chant_ 
dlr 
laat-atat,zero 
- 


flrai 
tl.e 
J 
flrat 
tl •• 
In 
.04eO 
lnp_err 


laat 
atat,D,qoln9 
fvd 
laat-atat,2,tolnq-re. 
laat-atat,6,chenq_ 
dir 
laat-atat,.ero 
- 
fi rai 
ti.. 
I 
fl rat 
ti •• 
In 
.04eO 
lnp_err 


last 
atat,2,to1nt 
fvd 
la.t-.tat,O,qolnq-rev 
last-atat,.,chanqe 
dlr 
laat-.tat,zero 
- 
f1 
e e E 
tl.. 
I 
fl rat 
tl •• 
In 
.0deO 
Inp_err 


hat 
sO.last 
done 
ch •. 


stat , 
add 
delta 
position 


dlr.ct 
dlreet,0,90In~rev 


PORT2.'Olooooooa 
dlrt:et,'Ol 
poa. 
tlon,fOl 
poal 
tlon+2, 
•• ro 
at_stat 


•• t 
P2.' 
direction. 
forvard 


PORT2.'lOlllllll 
direct,fOO 
poai 
tion,fOl 
p c e I tion+2,zero 


cl.ar 
P2.' 
direction· 
rever 
•• 
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int'eL 
AP-248 


After mode correctness is confirmed and the LASTx_ 
TIME values are updated 
the LAST_STAT 
(Last 
Status) variable is used to determine the current direc- 
tion of travel. The POSITION value is then updated in 
the direction specified by the last two edges and the 
status is stored. Note that the first time in Mode 0 after 
being in Mode I, the Mode 1 done_chk 
routine is used 
to update POSITION, instead of the routines going_ 
fwd and going_rev 
from the Mode 0 section of code. 
The completion section of code is then executed. 


Providing the PWM value to drive the motor is done by 
a routine running under Software Timer 1. The first 
section of code, shown in Listing 4-11a, has to do with 
calculating the position and timer errors. Listing 4-11b 
shows the next section of code where the power to be 
supplied to the motor is calculated. First the direction 
is checked and if the direction is reverse the absolute 
value of the error is taken. If the error is greater than 
64K counts, the PWM routine is loaded with the maxi- 
mum value. The next check is made to see if the motor 


is close enough to the desired location that the power to 
it should be reversed, (i.e., enter the Braking mode). If 
the motor is very close to the position or has slowed to 
the point that is likely to turn around, the Hold_Posi- 
tion mode is entered. 


The determination of which modes are selected under 
what conditions was done empirically. All of the pa- 
rameters used to determine the mode are kept in RAM 
so they can be easily changed on the fly instead of by 
re-assembling the program. The parameters in the list- 
ing have been selected to make the motor run, but have 
not been optimized for speed or stability. A diagram of 
the modes is shown in Figure 4-7. 


In the Hold_Position 
mode power is eased onto the 
motor to lock it into position. Since the motor could be 
stopped in this mode, some integral control is needed, 
as proportional control alone does not work well when 
the error is small and the load is large. The BOOST 
variable provides this integral control by increasing the 
output a fixed amount every time period in which the 


Listing 4-11. Motor Control 
Software 
Timer 
1 Routine 


CSEG 
AT 
2600" 


f r r '" 
111"" 
1111,'1' 
I , J, 
If,,'f 
1111,'" 
I J J, 
J ,,11111111 
11I1I1II 
J 
J I1 
If 
I ,,, 
lIt 
I 
1",11 
SOFTWARE 
TIMER 
ROUTINE 
1 
1111111",1 


I1II 
I I J I' 
rI' 
It 
J, 
I1 
I' 
"'11 
J 
J II1 
If 
"" 
JI", 
J, 
f 
1" 
I J 1I 
I 111'" 
If' 
I I I J 
J 
J 
J III 
,,11 
11 


p uah f 
orb 
porti,Ii00000008 


idb 


Idb 
HSO 
COMMAND,fl'H 
add 
HSO:TIME,TIMBRl,lwtl 
41y 


, 
.et 
portl.7 


, 
enable 
HSI, 
ToY!, 
H80 


14 
ti.e 
err+Z,d.1 
tt •• +2 
J 
Calculate 
ti •• 
, 
pOlition 
error 
1d 
POI 
e(r+2,4.1 
POI+Z 
sub 
ti.e 
ecr,d 
•• 
ti •• ,ti.. 
J 
valu 
•• 
are 
.et 
lubc 
tl •• -.rr+2,tr 
•• +Z 
lub 
pOI 
err,d 
•• 
POI,polition 
Bubc 
po.=.r,+2,poaition+2 


Et 


Bub 
id 
t18. 
delt.,l 
•• t 
t1.8 
a",tiM. 
arr 
1 •• 
t=ti.e_8rr,tl.8_8tr 
- 


·po. 
d.lta,l 
•• t 
poa 
err,poa 
err 
laat_poa_err,poa_etr 
- 
Bub 
id 


I II 
I I 


'" 
I 
J 
J, J' 
J 
r r r 
, 


J J' 
I J 


J 
'" 
J 


Ti.e 
err· 
Deaired 
ti.e 
to 
finiah 
- 
current 
ti.e 
poa 
err 
• 
De.ired 
poaition 
to 
finiah 
- 
current 
poaition 
Poa-delta 
• 
La.t 
position 
error 
- 
Curent 
po.ition 
error 
Ti.e 
delta. 
Last 
ti •• 
error 
- 
Current 
ti •• 
error 
note 
that 
errors 
ahould 
get 
•• al1er 
so 
delta. 
will 
be 
positive 
for 
forward 
aotion 
(ti •• 
i. 
always 
forward) 
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Software 
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Counter 
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• 


intel· 
AP-248 


90 
backwardl 


nog 
ldb 
cap 
'no 
b, 


90 
forward: 
ldb 
cap 
, 0 


Chk_brkl 
cap 
'nh 
cap 
lh 


bratingl 


cap 
19" 
nog 
chk 
delta. 


cap 
lnh 


br~Ir..: 
ldb 
ldb 
notb 
ldb 


p08 
er,+2,zero 
9o_forward 


• 
A89 
VAL 
po. 
err 
pWIII-dll"'OOh 
poa-.rr.2 ••0fff'" 
Id 
••• 
chk_belr. 


p",.41r,t01H 
,o.-.rr+2, ••,0 
chk-brk 


p". 
pwc , ••• 
pwc 
chk: 
•• nlty 
- 


po. 
err,poa 
pnt 


ho14 
po.it10n 
,poaltlon_arror<poaltlon_control_polnt 
po •• 
rf,brll 
pnt 
1d_... 
- 
• 
poaltloft_error>brata_polnt 


poa 
delt., •• ro 
chk-delta 
pO.=delta 


poa 
delta,.e1 
pat 


hOld_poaitlon 
velocity· 
poa 4.(t./•••,I. tt •• 


,., 
if 
.as.v.rocity) 
< 
vel:pnt 
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pIlI. 
pvr, 
••• 
belr. 


tap-;dl 
reet 
- 
tap 
,,,a_dl 
r , tap 


If 
braking 
.pply 
power 
In 
0PP081te 


direction 
of 
current 
aot10n 


Hold 
poa'tlona 
cap 
lh 
cl, 
cl, 
BR 


calc 
out: 


au} ub 
aulu 
cap 


lOO 
odd 
odd 
b, 


no 
bat 
I 
Cif 
ell: •••• 
cap 
lnh 
•••• d. 
Id 
output 
1 
Idb 


chk 
a ani tf 
1 


- 
b, 


ldb 
notb 
lb. 


p1bkvdl 
DI 
.ndb 
ldb 
&I 
b, 
p1fvdl 
DI 
o,b 
ldb 
El 


, 
po.ltion 
hold 
.ode 
poa 
ecc.102 
calc 
out 
t.p+ 
'2 
booat 
output 


, 
If 
po.ltlon 
ercor 
< 
2 
then 
turn 
off 
power 


t.P •••• 
hold.125S 
tep,po.-.rr 
poa_delta,zero 
no 
bat 
booat,IOe 
t. p+ 2 , boo. t 
ck 
••• 
booat 
t.p.2, 
••• 
hold 
output 
- 


t.p.2, 
••• 
holeS 
pw._P"!, 
t.P+1 


800at 
Is 
Int_9r.l 
control 


~MP+2 
• 
MS8(poa 
ere •••• 
hold» 


rpvc.p". 
p"r 
rp"c 
p"._dlr,O.p2f"d 


port2,.OIII111IB 
pv._control,cpvr 


J 
clear 
.1.7 


port2,.100 
•••••• 
p"._control.rpwr 
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infel.. 
AP-248 


FORWARD 
BRAKING 


+ 


POWER~-L--------------~-----+~~ 


DISTANCE 
270061-58 


Figure 4-7. Motor Control Modes 


error does not get smaller. Once the error does get 
smaller, usually because the motor starts moving, 
BOOST is cleared. 


A sanity check can be performed at this point to double 
check that the 8096has proper control of the motor. In 
the example the worst that can happen is the proto- 


III 


eap 
jit 
ld 
elr 
get 
valal 


id 
ld 
1 d 
id 
id 
add 
.«Sde 
.ub 


.ndb 


popf 
ret 


del 
de •• 
del 
de •• 
del 
de •• 
del 
de •• 


del 
de •• 
del 
de •• 
del 
de •• 
del 
de •• 


tla. 
err+2,aero 
I 
do 
p~a_table 
vhen 
err 
1. 
negative 
end 
p 
end=:p 


nxt 
poa,'(l2+poa 
table) 
C)et-Yala 
J 
1uap 
If 
lover 
nxt-poa,lpo. 
table 
tl.e+2 
- 


d •• 
p c e , ("xt 
poa)+ 
d •• -poa+2,(nit 
poa)+ 
de.-tl 
•• +2, 
("xi 
poa)+ 
•• 
1l-pVf, 
'nxt 
poi)+ 
•••.-brk, ••• 
pv, 
d •• -poa,off 
•• t 
d•• -poa+2, 
•• ro 
la.t_poa_arr,d 
•• 
pos,positlon 


portl,.OlllllllB 
I 
cl.ar 
P1.7 


000000008 
position 
0 
0020B, 
00108 
n.xt 
tt •• , 
power 
0000eOO08 
position 
1 
0040H, 
00408 
n •• t 
ti •• , 
power 
OOOOOOOOH 
position 
2 
00608, 
OOcOH 
ft • .,t 
ti •• , 
power 
orr,raOOOH 
position 
) 
00808, 
00108 
next 
ti •• , 
power 


00000800H 
position 
• 
00588, 
OOIOH 
n.xt 
t 1•• 
, 
power 
0000)000. 
poeltlon 
5 
0070H, 
OOffH 
n •• t 
tl •• , 
potter 
00000000. 
poeltlon 
6 
0090H, 
OOfOH 
n.xt 
tl •• , 
potter 
00000000. 
poel 
tlon 
7 
0091H, 
OOfOH 
n.xt 
tl •• , 
potter 
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• 


intel· 
AP-248 


The remaining sections of the program are relatively 
simple, but worth discussing briefly. The initialization 
routine initializes the I/O features and places several 
variables from ROM into RAM. Having these variables 
in RAM makes it easier to tweak the algorithm. Timer 
1 is expanded into a 32-bit timer by the interrupt rou- 
tine shown in Listing 4-13. 


type will need to be reset, so the sanity check was not 
used. If one were desired, it could be as simple as 
checking a hardware generated direction indicator, or 
as complex as checking motor condition and other en- 
vironmental factors. 


After all checks have been made, the power value is 
loaded to the RPWR register using a software inversion 
to compensate for the hardware inversion. Direction is 
determined 
next and the power and direction 
are 
changed in adjacent instructions with interrupts 
dis- 
abled to prevent changing power without direction and 
vice versa. 


Software timer overhead is handled by the routine 
shown in Listing 4-14. In this routine the status of each 
timer bit is checked in a shadow register. If any of the 
timers have expired the appropriate routine is called. 


To exercise the program logic the desired position is 
changed based on the time value using the code and 
lookup table shown in Listing 4-12. 


-"" 
III 
I1I1 
J J, 
J I1 
J "'11' 
1IIIr'" 
I1II 
J 
J 111"f 
,,,, 
J 
J 
J If 
I1 
J I J, 
I 
J 
J" 
I J' 
III 
',111111 
J 
I I I I I 
J 
TIMSR 
INTBRRUP~ 
SERVICE 
J I I II1 
J I I1I 


" 
J I1 
J, 
J I J 
J If 
IIII 
J II 
I r r 
J IIIIII 
I J., 
1"111' 
JII', 
III 
J 111111,,111 
J 111111,', 
J ,,111 


CSEG 
AT 
2200H 


e t e e e 
ayf 
1 nt 
I 
puahf 


10.1 
bat,IOSI 
lo.1-bak,5,tar 
1nt_done 
t 1 •• 
:; 2 
loel_bak"llOllllla 
, 
cl.ar 
bit 
5 


orb 
chk_tll 
jbc 
I ne 
.ndb 
t ••r_lnt_~g~'1 
ret 
I 
End 
of 
ti •• 
r 
interrupt 
routln_ 
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Listing 4·13. Motor Control 
Timer Interrupt 
Routine 


""'" 
III 
J I I'" 
J 1'" 
""J',I" 
I J' 
1" 
JJ' 
I If" 
I' 
"'1 
,",, 
r r t r t 
If"" 
,,,, 
I. 
1,.1, 
BOPTWAR! 
TIMER 
tNTBRHU'" 
SIRVICE 
ROUTINE 
t 
J I J' 
111" 


" 
r r t 11' "" 
rIll 
r r r t II 
III 
J I " 
f I 
ff 
I I 
J I III 
If 
I III 
f J r 1rill 
fl", 
f',11 
" 
111,', 
I 


C8!G 
AT 
22200 


e e e e 
t.r 
Intl 
puahf 
orb 
chk 
a"tOI 
j be 
andb 
thk 
a"t1ia11 
- 
jbe 
andb 
call 
chk 
."t21 
j be 
~~n 
chk 
."t31 
jbe 
andb 
call 


10a1 
bak,O,chk 
."tl 
10al-ba_,llllll1108 
I 
Cl.lr 
blt 
- 
.nd 
l.,tO 
."to=.ltplr.4 
10a1 
blk,l,chk 
l.,t2 
10al-bak,11111I1018 
I 
Cl.lr 
bit 
."tl= 
•• plr.4 


lOll 
bak,2,chk 
I.,t) 
1~f~~~:~t'lAIlIOl18 
, Cl •• r bit 
2 


lOll 
bak,4,I.,t 
Int 
don. 
loal-bak,llIIlWllli 
, Cl •• r bit] 
l"tJ: 
•• plr.d 


."t 
Int 
40n., 
popt 
r.t 
J 
aND 
or 
80PTWAR. 
TIN 
•• 
IMTIRRUPT 
aOUTIN. 


'ej.ct 
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listing 
4·14. Motor Control Software 
Timer Interrupt 
Handler 


5·54 


int:eL 
AP-248 


CSEG 
AT 
2380H 


J'I 
1"""""""'111,. 
I I" 
" 
I ,,,"""",, 
r r r r r r r r 
J I I I JJ 
J III 
J 
J JI. 
11,'" 
1" 
IIIIII 
SOFTWARE 
,.1"8. 
ROUTINE 
2 
Jllt"II", 


J Ill' 
III1I 
",'l 
,,, 
11111"" 
I1I1 
111,""',11,""" 
f 1"., 
III 
J II1I 
'r' ,.,, 
J I1 
III 


• .,t2 
expired, 
p,uhf 
1db 
odd 
hao 
co •• and.flAK 
J 
•• 
t 
8"t_2 
hao:tt 
•• ,tt 
•• 
rl,a"t2 
dly 


, 
•• 
t 
port 
1.2 
orb 
e.p 
bnh 
1d 


portl,100000100. 
out 
ptr,'7ffH 
pulilng 
out_ptc,lltOH 


pulsingl 
jbe 


et 
ot 
po.itlon.2, 
lout 
ptr). 
poal 
tlon, 
(out_pir)+ 


at 
direct, 
(out 
ptr)+ 
at 
pwa_pwr, 
(out_Ptrl+ 


."t2 
done, 
- 
8ub 
c.p 
jnh 


poaltlon 
high, 
position 
low 


, 
atore 
I 
byt •• 
externally 


tapl,tl 
•• 
rl,l 
•• 
tl 
tt •• 
tapl, 
'11008 
."t2_ret 
I 
k •• p 
(tl •• _1 •• t4_tl 
•• )<70008 


odd 
8"t2 
ret 
• 
• ndb 
popt 
e e t 


1 •• tl_tl 
•• ,.1000H 


portl,'lllllOllB 
• 
cl.ar- 
por-tl.l 
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listing 
4-15: Motor Control 
Software 
Timer 2 Routine 


The last routine, shown in Listinga-IS, 
is the Software 
Timer 2 routine which outputs some variables to exter- 
nal RAM. It also keeps LASTl_Time 
within 1800H 
of Timer! to prevent overflows from occurring when 
the Mode ° and Mode 1 software check this variable. 


A complete listing of the program as it is used in our 
lab can be found in Appendix D. For a given motor or 
encoder it will probably be necessary to change some of 
the time constants on the ftrst page of the listing. With 
the motor used in our experimentation, 
pulses are 
missed from time to time when direction 
changes 
quickly. If the motor were not as fast to turn around or 
the encoder were mounted better these problems should 
disappear. The missing pulses occur when switching 
from Mode 1 to Mode 0, other than that no anomalies 
were found in the lab. 


\ 


Prior to the version of code just discussed, several at- 
tempts were made, one of which could be used under 
certain constraints. It is possible to use only modes 2 
and ° to monitor the encoder, provided the encoder 


always operates smoothly and provides at least 200 mi- • 
croseconds between the last several edges of Phase A 
before reversing. This idea was originally tried because 
the motor was not characterized 
thoroughly at ftrst, 
and caused problems because of the motors tendency to 
stop suddenly when its speed was low. 


If an encoder has a lower line count and therefore more 
time between output pulses the two mode solution can 
be used. The software for the two mode version can be 
easily extracted form the three mode version, so it will 
not be presented. 


5.0 HARDWARE 
EXAMPLE 


5.1. EPROM Only Minimum System 


The diagram in Figure 5-1 illustrates how to connect an 
8096 in a minimum configuration system. Either 2764s 
or 27128s can be used in the system. Note that the 
lower EPROM contains the even bytes while the upper 
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Cl 


+5V 
33~ 1 


12 


35 
C~KOUT 
13 
RDY 


BHE 
37 
HMI 
31 
WR 


AD 
17 
AD 
+5Y 
-= 
"~E 
11 
~E 
14 
TEST 
15 
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EA 


33 
"D15 
32 
4014 
•• 
YPD 
31 
+5Y 
4013 
• 
30 
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4012 
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21 
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.01 
4010 
27 
10 
"01 
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,....,.. 
33K 
VSS 
"01 
42 
VSS 
12 
RESET 
25 
13 
"D7 
EXflHT 
ADS 
24 
22 pF 
:w 
23 
T2C~K 
"05 
22 
341 
"04 
T2AST 
8096 
21 
"D3 
31 
20 
PWIII 
"D2 ,. 
10 
"Dl 
11 
TlID 
"DO 
ADO- 
11 
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ACH2 
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55 
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50 
H80.0 
YAEF 


HSO.l •• 
ANGND 


H50.2 •• 


43 
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270061-62 


Figure 
5-1 (1 of 2). 


one contains the odd bytes, and the addressing is not 
fully decoded. This means that the addressing on a 
2764 will be such that the lower 4K of each EPROM is 
mapped 
at 
OOOOHand 
4000H 
while 
the 
upper 


4K is mapped at 2000H. If the program being loaded is 
16 Kbytes long the first half is loaded into the second 
half of the 2764s and vice versa. A similar situation 
exists when using 27128s. 
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O. 
••03 
• 
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Figure 5-1 (2 of 2). 


This circuit will allow most of the software presented in 
this ap-note to be run. In a system designed for proto- 
typing in the lab it may be desirable to buffer the I/O 
ports to reduce the risk of burning out the chip during 
experimentation. 
One may also want to enhance the 
system by providing RC filters on the A to D inputs, a 
precision VREF power supply, and additional RAM. 


the usage of the lines can be restricted to inputs or 
outputs on a port by port rather than line by line basis. 
The ports are reconstructed by using standard memory- 
mapped I/O 
techniques, (i.e., address decoders and 
latches), at the appropriate addresses. If no external 
RAM is being used in the system then the address de- 
coding can be partial, resulting in less complex logic. 


5.2. Port Reconstruction 
The reconstructed I/O ports will work with the same 
code as the on chip ports. The only difference will be 
the propagation delay in the external circuitry. 


If it is desired to fully emulate a 8396 then I/O ports 3 
and 4 must be reconstructed. It is easiest to do this if 
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An overview of the MCS-96 family has been presented 
along with several simple examples and a few more 
complex ones. The source code for all of these pro- 
grams are available in the Insite Users Library using 
order code AE-16. Additional information on the 8096 
can be found in the Microcontroller Handbook and it is 
recommended that this book be in your possession be- 
fore attempting any work with the MCS-96 family of 
products. Your local Intel sales office can assist you in 
getting more information on the 8096 and its hardware 
and software development tools. 
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SERIES-Ill 
MCS-96 
MACHO 
ASSEMULEH. 
VI 0 


SOURCE 
FILE· 
F3· INTERI 
A96 
08JECT 
FILE .. F3: INTERI 
OBJ 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND. 
NOSB 


ERR LOC 
OBJECT 


0022 


0022 
0024 
0026 
0028 
002B 


El 


002A 
002C 
002E 
0030 
I» 
01 
C' 
0, 
iDr 
20BO 
<0 
00 
20BO 
AIOoo11B 
~ 
C 
"0 
20B4 
B0221C 
2087 
18031C 
20BA 
71FEIC 


208D 
ACICIC 
2090 
A31D002124 


LINE 
I 
2 
3 
4 


=1 
:I 


=1 
:13 
54 
55 
56 
57 
5B 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
7B 
79 
BO 
Bl 


SOURCE 
STATEMENT 
STITLE( 
'INTERl 
A96: 
Ln t er-pe Le t t on 
r 
cu 
e 
s ne 
1') 


i,i;;;; 
8096 
Ass.mbl~ 
code 
for 
table 
lookup 
and 
interpolation 


• INCLUDE ( FO:DEM096. INC) 
i 
Includ@ 
d@mo 
d@finitiono 
Snolist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


RSEG 
at :22H 


IN_VAL: 
dob 
1 
Actual 
Input 
Value 
TABLE_LOW: 
dsw 
1 
TABLE_HIGH: 
ds•• 
I 
IN_DIF: 
dolO 
1 
Upper 
Input 
- 
Lower 
Input 
IN_DIFB 
@'1u 
IN_DIF 
:bVte 
TAB_DIF: 
do•• 
I 
Upper 
Output 
- 
Lower 
Output 
OUT: 
do•• 
I 
RESULT: 
do•• 
I 
OVT_DIF: 
dol 
I 
i 
Delta 
Out 


CSEG 
at :2080H 


LD 
SP. 
_100H 


look: 
LDB 
SHRB 
ANDB 


Load 
temp 
with 
Actual 
Value 


, Dtvid@ 
th. bVt. 
bV 8 
Insure 
AL 
is 
a 
word 
address 
This 
.ff.ctiv.l~ divides 
AL 
.0 AL 
z 
IN_VAL/16 
bV 
:2 


AL. 
IN_VAL 
AL. _3 
AL. 
_11111110B 


LDBZE 
AX. AL 
, Load 
bvt. 
AL 
to word 
AX 
LD 
TABLE_LOW. 
TABLE 
lAX] 
,TABLE_LOW 
ts [oad@d 
with 
th@ 
valu@ 
in 
the 
table 
at 
table 
location 
AX 
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DJ» 
en-o 
en0» 
."." 
-I." 
:Ern 
»Z 
:DC 
rn->< 
~» 
»3:."r- 
rn 
en 


_.er 


8 


~ 
-U 
I 
PI)~ 
CD 


2095 
A31D022126 


209A 
4B24262A 


209E 
51OF222B 


20A2 
AC2B2B 


20A5 
FE4C2A2B30 


20AA 
OE0430 
~I 
20AD 
4424302C 
:'" 
-I 
DJ 
20BI 
OA042C 
CT 
iD 
20B4 
A4002C 
r 
20B7 
C02E2C 
0 
U1 
0 
a, ~ 
20BA 
27CB 
C 
0 "..•. 


'0 
2100 
03- 
2100 
000000200034004C 
5' 
210B 
005D006A0072007B 
C 
CD 
2110 
007B007D0076006D 
B 
211B 
005D004B00340022 
2120 
0010 


2122 


B2 
B3 
B4a, 
B6 
B7 
BB 
B9 
90 
91 
92 
93 
94 
95 
96 
97 
9B 
99 
lOO 
101 
102 
103 
104 
105 
106 
107 
lOB 
109 
110 
I11 
112 
113 
114 
115 
116 
117 
liB 


no 
inc : 


cs~g 


tab Ie : 


END 


ASSEMBLY 
COMPLETED. 
NO 
ERROR(S) 
FOUND. 


LD 
TABLE~IGH. 
(TABLE+2) [AX] 
; TABLE 
HIGH 
is 
loaded 
with 
the 
value 
i~ 
the 
table 
at 
tabl. 
loc ••tion 
AX+2 
(The n••t 
v.lu. 
in th. t.ble) 


SUB 
TAB_DIF. 
TABLE_HIGH. 
TABLE_LOW 
TAB_DIF-TABLE_HIGH-TABLE_LOW 


ANDB 
IN_DIFB. 
IN_VAL. 
_OFH 
IN_DIFB-Ieast 
significant 
4 
bit. 
of 
IN_VAL 
Load 
b~te 
IN_DIFB 
to 
word 
IN_DIF 
LDBlE 
IN_DIF. 
IN_DIFB 


MUL 
OUT_DIF. 
IN_DIF. 
TAB_DIF 


SHRAL 


Output_diff.rence 
= 


Input_difference*T.ble_difference 
OUT_DIF. 
_4 
l 
Divide 
b~ 
16 
(2**4) 


ADD 
OUT. 
OUT_DIF. 
TABLE_LOW 
Add 
output 
difference 
to 
output 
generated 
with 
truncated 
IN_VAL 
as 
input 
OUT, 
.4 
; Round 
to 
12-bit 
answer 
OUT. 
r e r-c 
; 
Round 
up 
if 
Cal~r'J 
::= 


SHRA 
ADDC 


ST 
OUT. 
RESULT 
; Store 
OUT 
to 
RESULT 


BR 
look 
; 
Branch 
to 
"look:" 


AT 
2100H 


DCW 
OOOOH. 
2000H. 
3400H. 
4COOH 
; A 
random 
function 
DCW 
5DOOH. 
6AOOH. 
7200H. 
7eOOH 
DCW 
7BOOH. 
7DOOH. 
7600H. 
6DOOH 
DCW 
5DOOH. 
4BOOH. 
3400H. 
2200H 
DeW 
IOOOH 
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):. 
-a 
•~ 
.ca. 
011 


SERIES-Ill 
MCS-96 
MACHO 
AGSEMBIU', 
VI 
0 


SOURCE 
FILE 
F3 
INTER2 
A9b 
OBJECT 
FILE 
F3 
INTER2 
OB,) 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND 
NOSB 


ERR 
LOC 
OB JEC T 


0024 


0024 
0026 
• 
002B 
~ 
OOC!A 


~ 
002A 
002C 


U1 
CT 
002E 
~ 
iD 
0030 
() 
0!I 


2080 


20BO 
AIOOOIIB 


20B4 
B0241C 
2087 
IB031C 
20BA 
71FEIC 


20BD 
ACICIC 


2090 
A310002126 


20q~ 
A310222128 


LINE 
I 
2 
3 
4 
5 
6 


:1 
7 
=1 
55 
56 
57 
5B 
59 
60 
61 
62 
63 
64 
65 
66 
67 
6B 
69 
70 
71 
72 
73 
74 
7:l 
76 
77 
7B 
79 
BO 
BI 
B2 
B3 
B4 
B5 
B6 


SOURCE 
STATEMENT 
.TITLE( 
'INTER2 
A96' 
Ln t erp o Le t t on 
r-o ut t ne 
2') 


.;,." 
. 
8096 
AS5.mbl~ 
code 
for 
t.blR 
lookup 
and 
Interpolation 
USing 
tabled 
values 
In 
pldce 
of 
diVISIon 
.,; 
i i i i 


.INCLUDE( 
FO: OEM096. INC) 
• 
Lnc lud e d~mo 
d~fin1tlon5 
Snolist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


RSEQ 
at 
24H 


IN_VI\L 
TABLE_LOW: 
TABLE_INC: 
IN_OIF: 
IN_OIFB 
OUT: 
RESULT: 
OUT_DIF: 


d.b 
d •••• 


d ••• 
d •••• 
e'lu 
d ••• 
d •••• 
d.1 


I 
I 
I 
1 
IN_DIF 
1 
1 
1 


Actual 
Input 
Value 
Table 
value 
for 
function 
Incremental 
change 
in 
function 
Upper 
Input 
- 
Lower 
Input 


:byt~ 


; D~lta 
Out 


CSEQ 
at 
20BOH 


LD 
SP • • IOOH 
Initialize 
SP 
to 
top 
of 
reg. 
f 11 e 


look: 
LOB 
AL. 
IN_VAL 
; 
Load 
t •• p 
with 
Actual 
Value 
SHRB 
AL. 
.3 
; 
Divide 
the 
byte 
by 
B 
AN OB 
AL. 
.11 
11 I 11 OB 
; 
Insure 
AL 
is 
a 
word 
address 
This 
.ff.ctivel':t! 
divides 
AL 
b~ 
2 
so AL 
= 
IN._VALII6 
LOBZE 
AX. 
AL 
Load 
byt~ 
AL 
to ••• 
ord 
AX 


LO 
TABLE_LOW. 
VAL_TABLE[AXl 
TABLE_LOW 
is 
loaded 
••• 
ith 
the 
value 
in 
the 
value 
table 
at 
locatJon 
AX 


LD 
TABLE 
INC. 
INC_TABLECAXl 
TABLE_INC 
is 
load~d 
with 
the 
value 
in 
the 
increment 
table 
at 
location 
AX/+2 
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cl 


~ 
'V 
It.) 
••• 
011 


)0 
~... 
I»go 
iD•... 
0 
(11 
0 
ID 
'1':c: 
I\) " 
N 
'0 
0a.. 
::J 
C 
<1>S 


209A 
510F242A 


209E 
AC2A2A 


20Al 
FE4C2B2A30 


20A6 
4426302C 


20AA 
OB042C 
20AD 
A4002C 


2080 
C02E2C 
2083 
27CF 


2100 


2100 
2100 
0000002OO034004C 
210B 
005D006A00720078 
2110 
0078007D0076006D 
211B 
005D004800340022 
2120 
0010 
2122 
2122 
0002400180011001 
212A 
DOOOB00060003000 
2132 
200090FF70FFOOFF 
213A 
EOFE90FEEOFEEOFE 


2142 


ASSEMBLY 
COMPLETED. 


B7 
BB 
B9 
90 
91 
92 
93 
94 
95 
96 
97 
9B 
99 


100 
101 
102 
103 
104 
105 
106 
107 
lOB 
109 
110 
111 
112 
113 
114 
115 
lib 
117 
liB 
119 


AND8 


LDBZE 


IN_DIFB. 
IN_VAL. 
.OFH 


IN_DIF. 
IN_DIF8 


IN_DIF8=least 
significant 
4 
bits 
of 
IN_VAL 
Load 
bVte 
IN_DIF8 
to 
word 
IN_DIF 


MUL 
OUT_DIF. 
IN_DIF. 
TABLE_INC 
I 
Output_dif'erence 
Input_dlfference*Incremental_change 


ADD 


SHR 
ADDe 


no_tne: 
ST 
8R 


cseg 
AT 
2100H 


OUT. 
OUT_DIF. 
TA8LE_LOW 


OUT. 
.4 
OUT. 
zero 


OUT. 
RESULT 


10011 


OOOOH. 
5DOOH. 
7800H. 
5DOOH. 
1000H 


0200H. 
OODOH. 
00020H. 
OFEEOH. 


Add 
output 
difference 
to 
output 
generated 
with 
truncated 
IN_VAL 
as 
input 
Round 
to 
12-bit 
answer 
Round 
up 
if 
Carry 
= 


Store 
OUT 
to RESULT 
Brarlch 
to 
"look"" 


2000H. 
3400H. 
4COOH 
; A 
random 
function 
6AOOH. 
7200H. 
7BOOH 
7DOOH. 
7600H. 
bDOOH 
4800H. 
3400H. 
2200H 


0140H. 
0080H. 
OFF90H. 
OFE90H. 


0IBOH. 
0060H. 
OFF70H. 
OFEEOH. 


0110H 
0030H 
OFFOOH 
OFEEOH 


Table 
of 
incremental 
differences 


val_tab 
1••: 


DCW 
DeW 
Dew 
Dew 
Dew 
inc_t ••ble: 


Dew 
Dew 
Dew 
Dew 


END 


NO 
ERROR(S) 
FOUND. 
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SERIES-Ill 
PL/M-96 
VI 
0 COMPILATION 
OF 
MODULE 
PLMEX 
OBJECT 
MODULE 
PLACED 
IN 
.F3 
PLMEXI 
OBJ 
COMPILER 
INVOKED 
BY 
PLM96 
86 
F3 
PLMEXI. P96 
CODE 


2 
3 
4 
5 
6 
7 
8 
9 


10 


11 
12 
13 


14 


15 
16 


17 


18 


19 


'TITLE( 
'PLMEXI: 
PLM-96 
Example 
Code 
for 
Table 
Lookup') 


1* PLM-96 
CODE 
FOR 
TABLE 
LOOK-UP 
AND 
INTERPOLATION 
*1 


PLMEX 
DOi 


DECLARE 
IN_VAL 
WORD 
PUBLICi 


DECLARE 
TABLE_LOW 
INTEGER 
PUBLICi 


DECLARE 
TABLE ... 
HIGH 
INTEGER 
PUBLIC, 


DECLARE 
TABLE_.DIF 
INTEGER 
PUBLICi 


DECLARE 
OUT 
INTEGER 
PUBLICi 


DECLARE 
RESULT 
INTEGER 
PUBLICi 


DECLARE 
OUT _DIF 
LONGINT 
PUBLICi 


DECLARE 
TEMP 
WORD 
PUBLICi 


DECLARE 
TABLE(17) 
OOOOH, 
2000101, 
5DOOH. 
6AOOH. 


7BOOH. 
7DOOH. 


5DOOH. 
4BOOH. 


1000H)i 


INTEGER 
DATA 


3400H. 
4COOH. 


7200H. 
7800H. 


7600H. 
6DOOH. 


3400H. 
2200H. 


/* 
A 
r~ndom 
function 
*' 


1 
2 
2 


DMPY: 
PROCEDURE 
(A.B) 
LONGINT 
EXTERNALi 


DECLARE 
(A,B) 
INTEGER, 


END 
DMPY, 


LOOP. 


TEMP=SHR( 
IN_VAL. 4), 
1* TEMP 
i. 
the 
most 
significant 
4 
bit. 
of 
IN_VAL 
*1 


TABLE_LOW=TABLE(TEMP), 
TABLE_HIGH~TABLE(TEMP+I)' 


1* 
If 
"TEMP" 
•••• repl.ced 
b~ 
"SHR(IN_VAL.4)" 
*1 
1* The 
code 
••ould 
••ork 
but 
the 
8096 
••ould 
*1 
1* do 
t••o shift. 
*1 


TABLE_DIF=TABLE_HIGH-TABLE_LOW, 


OUT_DIF=DMPY(TABLE_DIF.SIGNED(IN_VAL 
AND 
OFH)) 
116, 


OUT=SAR( 
(TABLE_LOW+OUT_DIF), 
4), '* SAR 
performs 
an 
arithmetic 
right 
shift, 
in 
this 
case 
4 
places 
are 
shifted 
-/ 
270061-68 


_.er 


8 


» 
"0 
IN 
.100 
Oil 


.,. 
~ 
'Vr- 
ill: 
I 
CD 
01 


&> 
Cl. 
It 
~ 
If' 
:+ 


Cl) 
::T 


U1 '" 
M 
'0 
DJ::I 
III 
0" 
::I 
(') 
0::IS-e 
CD.e. 


_. 
::J 
00b9 
9B1COO 
CIIP9 
RO.TMPO 


1 I;: 
OObE 
0705 
9NE 
C!0001 
; 
STATEMENT 
21 
0070 
A0200A 
R 
LD 
RESULT.TMP4 
0073 
2005 
BR 
C!0002 


; 
STATEMENT 
22 
0075 
C!0001: 


0075 
AOOBOA 
R 
LD 
RESULT. OUT 
007B 
070A 
R 
INC 
RESULT 


; 
STATEMENT 
23 
007A 
C!0002: 


007A 
27AA 
9R 
LOOP 


; 
STATEMENT 
24 
END 


MODULE 
INFORMATION: 


CODE 
AREA 
SIZE 
~ 005AH 
900 
CONSTANT 
AREA 
SIZE 
~ 0022H 
340 
DATA 
AREA 
SIZE 
~ OOOOH 
OD 
STATIC 
REGS 
AREA 
SIZE 
~ 0012H 
lBD 


PL/M-9b 
COMPILER 
PLMEXI 
PLM-9b 
E,affipleCode 
for 
Table 
Lookup 
ASSEMBLY 
LISTING 
OF 
OB~ECT 
CODE 


OVERLAYABLE 
REGS 
AREA 
SIZE 
MAXIMUM 
STACK 
SIZE 
4B 
LINES 
READ 


OOOOH 
OOObH 
OD 
bD 


PL/M-9b 
COMPILATION 
COMPLETE 
o WARNINGS. 
o ERRORS 
270061-71 


11 


» 
'P 
t.)~ 
CD 


U1 
8l 


MCS-96 
MACRO 
ASSEMBLER 


SERIES-Ill 
MCS-96 
MACRO 
ASSEMBLER, 
VI. 0 


MULT 
APT· 
16*16 
multiply 
procedure 
for 
PLM-96 


SOURCE 
FILE: 
:F3:MULT 
A96 
OBJECT 
FILE: 
:F3:MULT.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOSB 


ERR 
LOC 
OBJECT 


0018 


)0 
~ 
.",... 
~ 
~oo 
Q. 


CD•~ 
m 
)Ci;:, 
IIIg 
'§ 
3- 
S· 
e: 
~ 


0000 


0000 


0000 
CC04 
0002 
CCOO 
0004 
FE6E1900 


0008 
E304 
OOOA 


ASSEMBLY 
COMPLETED, 


LINE 
SOURCE 
STATEMENT 
I 
.TITLEI 
'MULT. APT: 
16*16 
multiply 
procedure 
for 
PLM-96') 
2 
3 
4 
SP 
EGU 
18H: wor'd 
5 
6 
rseg 
7 
EXTRN 
PLMREG 
:long 
8 
9 
cseg 
ID 
11 
PUBLIC 
DMPY 
i 
Multipl~ 
t••o 
integers 
.nd 
return 
a 
12 
i 
longint 
result 
in 
AX, 
OX 
registlfrs 
13 
E 
14 
DMPY: 
POP 
PLHREG+4 
i 
Load 
'return 
.ddress 
E 
15 
POP 
PLHREG 
i 
Load 
one 
operand 
E 
16 
MVL 
PLHREG, [SPl+ 
i 
Lo.d 
.econd 
operand 
and 
increment 
SP 
17 
E 
18 
BR 
[PLMREG+4l 
i 
Return 
to PLM 
code. 


19 
END 


NO 
ERRORIS) 
FOUND. 
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_.er 
• 


~ 
"P 
N••• 
Cl) 


SERIES-Ill 
MCS-96 
RELOCATOR 
AND 
LINKER. 
V2.0 
Cop~right 
1983 
Intel 
Corporation 


INPUT 
FILES: 
·F3:PLMEXI 
OOJ. 
:F3·MULT.OOJ. 
PLM96 
LIB 
OUTPUT 
FILE· 
:F3:PLMOUT.OOJ 
CONTROLS 
SPECIFIED 
IN 
IINOCATION 
COMMAND: 


ROM(2080H-3FFFH) 


INPUT 
MODULES 
INCLUDED: 
·F3:PLMEXI 
OBJ(PLMEX) 
12/25/84 


·F3:MULT 
OOJ(MULT) 
12/25/84 
PLM96.LIB(PLMREG) 
11/02/83 
I 
;a.. 
~ 
SEGMENT 
MAP 
FOR 
:F3:PLMOUT.OBJ(PLMEX): 
"r 
TYPE 
BASE 
LENGTH 
ALIGNMENT 
MODULE 
NAME 
3: 
ID 
---- 
---- 
------ 
--------- 
----------- 
aI0 
**RESERVED* 
OOOOH 
OOIAH 
0 
••• 
GAP 
it •• 
OOIAH 
0002H 
Cl. 
REG 
OOICH 
0OO8H 
ABSOLUTE 
PLMREG 
ID 
:E 
REG 
0024H 
OOl2H 
WORD 
PLMEX 


01 
;::;: 
STACK 
0036H 
0006H 
WORD 
en 
~ 
•• * 
GAP **. 
003CH 
2044H 
--.j '" 
CODE 
2080H 
0OO3H 
ABSOLUTE 
PLMEX 
>C 
it.. GAP 
••• 
2083H 
OOOtH 
" 
DI 
CODE 
2084H 
007CH 
WORD 
PLMEX 
:::I 
CODE 
2100H 
OOOAH 
BYTE 
MULT 
1/1 
is' 
_.- 
GAP 
.-_ 
210AH 
DEF6H 
:::I 
0 
03-:rc 
(!).e, 
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_.er 
• 


» 
'tI. 
N.,.. 
01) 


~~ 
." 
~i!• 
1.71 
;; 
. 
~ 
~ 
Ini 
:::I•g 


~~.! 


SYMBOL 
TABLE 
FOR 
:F3:PLMOUT.OBJ(PLMEX). 


ATTRIBUTES 
VALUE 
NAME 


---------- 


PUBLICS: 


REG 
WORD 
0024H 
IN_VAL 
REG 
INTEGER 
002bH 
TABLE 
LOW 
REG 
INTEGER 
002SH 
TABLt:::HIGH 
REG 
INTEGER 
002AH 
TABLE_DIF 
REG 
INTEGER 
002CH 
OUT 
REG 
INTEGER 
002EH 
RESULT 
REG 
LONGINT 
0030H 
OUT_DIF 
REG 
WORD 
0034H 
TEMP 
CODE 
ENTRY 
2100H 
DMPY 
REG 
LONG 
OOlCH 
PLMREG 
NULL 
NULL 
003CH 
MEMORY 
NULL 
NULL 
IFC4H 
?M£MORY _61 lE 


I1ODULE: PLI'IEX 


I1ODULE: I'IUL 
T 


I1ODULE: PLMREG 


RL96 
COI'IPLETED. 
o WARNINGIS). 
o ERROR IS) 
270061-74 


_.l 
• 


:.. 
'1J 
I~•• 
at 


SERIES-Ill 
MCS-9b 
MACRO 
ASSEMBLE~. 
VI 
0 


SOURCE 
FILE 
F3,PULSE 
A9b 
OBJECT 
FILE 
F3 
PULSE,OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMANU 
NOSB 


ERR 
LOC 
OBJECT 
LINE 
I 
2 
3 
=1 
4 


=1 
52 
53 
54 
55 
5b 
57 
:5B 
59 
bO 
bl 
b2 
b3 
b4 
b:5 
bb 
b7 
bB 
69 
70 
71 
72 
73 
74 
75 
76 
77 
7B 
79 
BO 
BI 
B2 
B3 
84 
85 
86 
87 


0028 


0028 
002A 
002C 
002E 
?>I 
0030 
f" 
" 
c::ifi 
2080 
()1 3: 
a, 
CD 
<0 
DJ 
2080 
AI000118 
(I) 
2084 
B 10115 
c::..• 
2087 
OlOF03 
CD3 
CD 
208A 
442A282C 
a 
208E 
3EI603 
2091 
3716Fb 


2094 
1l0061C 


2097 
A00420 


209A 
391C09 


209D 
C03020 
20AO 
482E3028 
20A4 
27E4 


20A6 
C02E20 


SOURCE 
STATEMENT 
$TlTLE( 
'PULSE 
A9b: 
Measuring 
pulses 
using 
the 
Hsl 
unit·) 


$INCLUDE(DEM096 
INC) 
Snolist 
Turn 
listing 
off 
for 
include 
flip 
End 
of 
Include 
file 


rseg 


c•• g 
at 
20BOH 


LD 
LDB 
LDO 


wai t: 
ADO 
JBs 
JOC 


cantin: 
LDIl 


LD 


JOs 


hsi -10: 
ST 
SUB 
BR 


hsi -hi: 
ST 


at 
28H 


HIGH_TIME: 
dsw 
LOW_TIME: 
dsw 
PERIOD: 
dsw 
HI_EDGE' 
dsw 
LO_EOGE: 
dsw 


SP. 
IIIOOH 
lOCO. 
IIOOOOOOOIB 
HSI~MODE. 
IIOOOOIIIIB 
Enabl" 
HSI 
0 
HSI 
0 
look 
for 
either 
edge 


270061-75 


PERIOD. 
HIGH_TIME. 
LOW_TIME 
1051. 
6. 
contin 
If FIFO 
is 
full 
1051, 
7, 
wait 
j 
Wait 
while 
no 
pulse 
is 
entered 


AL 
HSI_STATUS 
Load 
status; 
Note 
that 
reading 
HSI_TIME 
clears 
HSI_STATUS 


OX. 
HSI_TlME 
Load 
th" 
HSI_TIME 


AL, 
1, 
hsi_hi 
Jump 
if HSI 
0 
is high 


BX. 
LO_EDGE 
HIGH_TIME. 
LO_EDGE. 
HI_EDGE 
wait 


BX. 
HI_EDGE 


11 


_.er 
• 


~."IN.•.. 
Cl) 


~ 
~ 
." 
Ciii 
It 
11: 
It 
DI 
1/1 
~ 
U'1 
C 
~ 
..• 
'1J 
It 
0 
3 
. 
N 
It 
"'" 
:::J 
CII 
- 
'00~5·e 
(1).e, 


20A9 
48302E2A 
88 
SUB 
LOW_TIME. 
HI_EDGE. 
LO_EOGE 
20AD 
2708 
89 
BR 
wait 
90 
20AF 
91 
END 


ASSEMBLY 
COMPLETED. 
NO 
ERROR(S) 
FOUND. 
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_.er 


" 


S~RIFS-III 
M':<;-~6MACRO 
A';51MntfH, 
VI 
0 


SOURCE 
,Ilt 
~3 
lNHSI 
A~b 


(JOJECT ~ ILE 
F3 
[NI/5! DU.! 


CONlfWLS 
SPECI,I[D 
IN 
INV()CAIION COMMAND 
NOSO 


IORR LaC 
OIlJECl 
LINE 
1 
2 
3 
:1 
4 


:1 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 


0028 


0028 
~ 
002A 
in 
002C 
m 
002E 
~ 
002F 
:r 
0030 
III~ 
0032 
n 
0034 
CDQ. 
0036 


CJ1 
"U 
j 
C 
2080 
iii 
CD 
a::: 
2080 
AIOOOl18 


CD 
III 
2084 
012516 
~ 
C..• 
CD3 
2087 
019903 
CD 
208A 
010715 
~.• 


2080 
717F2F 


2090 
90162F 


2093 
372FF7 


2096 
5155062E 
209A 
A00428 


SOURCE 
STATEMENT 
_TITLE 
('ENHS! 
A96 
ENHANCED 
HSI 
PULSE 
ROUTII.E') 


_INCLUDE 
(DEM096. INC) 
tnolist 
Turn 
listing 
off 
for 
Include 
fIle 
End 
of 
include 
fIle 


RSEG 
AT 
28H 


cseg 
at 


t n i t: 
LD 


LOB 


LOB 
LOO 


wal t: 


TIME 
LAST_RISE. 
LAST_FALL· 
HSI_SO 
10SI_BAK: 
PERIOD: 
LOW_TIME: 
HIGH_TIME: 
COUNT_ 


DSW 
DSW 
DSW 
DSB 
DSo 
DSW 
DSW 
DSW 
DSW 


2080H 


SP,IIIOOH 


lOCI. 11001001018 
Disable 
HSO_ 4,HSO 
5, 
HSI_INT:flrst, 


Enab le PWM. TXD. TIMERI __OVRFLOW 
INT 


HSI_MODE.III00II00I0 
lOCO. 11000001110 
set 
n s t . 1 
-; 
hsi. 
0 
+ 


Enable 
hsi 
0.1 
T2 
CLOCK:T2CLK. 
T2RST:T2RST 
Clear 
timer2 


ANDO 
ORO 
IOSI_0AK.IIOII11111B 
IOSI_0AK. 10S1 
Clear 
IOSI_0AK_ 
7 
Store 
into 
temp 
to 
avold 
clearing 
other 
flags 
which 
ma~ 
be 
needed 
If 
hsi 
is 
not 
triggered 
then 
Jump 
to 
wait 


JOC 
IOSI_OAK.7 
•••ait 


ANDB 
LD 
HSI_SO.HSI_STATUS.IIOI01010IB 
TIME. 
HSI_TIME 
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--er 
• 


» 
'"0 
I..., 


011oo 
c» 


:.. 
in 
m 
:::J=r 
III 
:::Ji 


"0cii' 
CD 


Cf' 
~ 
--.j 
CD 
I\) 
III 
1/1 
C 
iil3 
CD 
:::J-oo3- 
S" 
e: 
ID.e, 


209D 
382E05 
88 
JBS 
20AO 
3A2EOF 
89 
JBS 
20A3 
20lA 
90 
BR 
91 
20A5 
482C2832 
92 
a_ris •.: 
SUB 
20A9 
482A2830 
93 
SUB 
20AD 
A0282A 
94 
LD 
2080 
2000 
95 
BR 
96 
20B2 
482A2834 
97 
a_fall: 
SUB 
20B6 
482C2830 
98 
SUO 
20BA 
A0282C 
99 
LD 
lOO 
20BD 
101 
incre-ment: 


20BD 
0736 
102 
INC 
20BF 
27CC 
103 
no_cot: 
OR 
104 
20CI 
105 
END 


ASSEMBLY 
COMPLETED. 
NO 
ERROR(S) 
FOUND" 


HSI_SO.O.a_rise 
HSI_SO. 2. a_fall 
no_cnt 


LOW_TIME. 
TIME. 
LAST_FALL 
PERIOD. 
TIME. LAST_RISE 
LAST_RISE. 
TIME 
increment 


HIGH_TIME. 
TIME. 
LAST_RISE 
PERIOD. 
TIME. LAST_FALL 
LAST fALL. 
TIME 


COUNT 
....ait 
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_.er 
• 


l> 
"0.N~ 
CD 


SERIES-Ill 
MCS-96 
MACRO 
ASSEMBLER, 
VI. 0 


SOURCE 
FILE: 
·F3:HSODRV. 
A96 
OBJECT 
FILE: 
:F3:HSODRV.OBJ 
CONTROLS 
SPECIFIED 
IN'INVOCATlON 
COMMAND: 
NOSB 


ERR 
LOC 
OBJECT 
LINE 
SOURCE 
STATEMENT 
1 
$TITLE( 
'HSODRV.A96: 
Driver 
module 
for 
HSO 
PWM 
program') 
2 
3 
HSODRV 
MODULE 
MAIN, 
STACKSIZE(8) 
4 
5 
6 
PUBLIC 
HSO_ON_O 
HSO_OFF _0 
7 
PUBLIC 
HSO_ON_I 
HSO_OFF _I 
8 
PUBLIC 
HSO_TIME 
HSO_COMMAND 
9 
PUBLIC 
SP 
, TIMERI 
, 
1050 
10 
11 
$INCLUDE(DEM096.INC) 
=1 
12 
$nolist 
; 
Turn 
listing 
off 
for 
include 
file 
)0 
=1 
60 
; 
End 
of 
include 
file 
~ 
61 


"11 
0028 
62 
rs ••g at 
28H 
=: 
63 


3C 
64 
·EXTRN 
OLD_STAT 
:b~te 


01 c: 
6' 
.:... 
1/1 
0028 
66 
HSO_ON_O: 
ds•• 
c.:I 
3" 
002A 
67 
HSO_OFF _0: 
ds•• 
10 
002C 
68 
HSO_ON_l: 
ds•• 
- 
':r 
002E 
69 
HSO_OFF _1: 
ds•• 
ft) 
0030 
70 
c aunt: 
dsb 
:I: 
71 
(f) 
2080 
72 
at 
2080H 
0 
cseg 
73 
74 
EXTRN 
wait 
:entr~ 
75 
2080 
FA 
76 
strt: 
01 
2081 
AI000118 
77 
LD 
SP, 
.100H 
2085 
510F1500 
E 
78 
ANDB 
OLD_STAT, 
IOS0, 
.OFH 
2089 
9'OFOO 
E 
79 
XORB 
OLD_STAT, 
.OFH 
80 
20BC 
81 
initi.l: 


208C 
AI000122 
82 
LD 
CX,- .0100H 
83 
2090 
AI00I0lC 
84 
Lo op : 
LD 
AX, 
.1000H 
2094 
48221C20 
8' 
SUB 
BX, 
AX, 
CX 
2098 
A0221C 
86 
LD 
AX, 
CX 
87 
I 


2098 
C02BIC 
209E 
C02A20 


20AI 
OBOIIC 
20A4 
OBOl20 
20A7 
C02CIC 
20AA 
C02E20 


20AD 
EFOOOO 


20BO 
0722 
2002 
B9000F22 
20B6 
D7DB 


208B 
2702 


El 


208A 


ASSEMBLY 
COMPLETED. 
::e3: 
c: 
IIJ 
S" 
IQ 
01 ~ 
.:... 
~ 
CD 
J: 
en0 
'0 
0 
~. 
:::l 
C 
CDS, 


E 


BB 
B9 
90 
91 
92 
93 
94 
9:; 
96 
97 
9B 
99 
lOO 
101 
102 
103 
104 


ST 
AX. 
HSO_ON_O 
ST 
BX. 
HSO_OFF_O 


SHR 
AX.1I1 
SHR 
BX.1I1 
ST 
AX. 
HSO_ON_I 
ST 
BX. 
HSO_OFF 
I 


CALL 
wait 


INC 
CX 
CMP 
CX. 
1I00FOOH 
BNE 
loop 


BR 
initial 


END 


270061-60 
NO 
ERROR(S) 
FOUND 


_.l 
I 


• 


~ 
"tI 
IN 
.co. 
01) 


SERIES-Ill 
MCS-96 
MACRO 
ASSEMBLER. 
VI 
0 


SOURCE 
FILE 
F3:HSOMOD 
A9b 
OBJECT 
FILE. 
F3:HSOMOD 
OBJ 
CONTROLS 
SPECIFIED 
IN 
IINOCATlON 
COMI1AND 
NOSB 


ERR 
LOC 
OBJECT 
LINE 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
E 
38 
39 
40 
41 
42 
43 
44 


)0 
.1» 
"~~ 
c: 
I/)S- 
IC 
<.n .. 
~ 
~ 
en 
CD 
~I 


0000 


0000 
0 
03- 
:5.e 
CD.e, 


I 
0001 
0002 


0000 


0000 
3EOOFD 
0003 
FD 


SOURCE 
STATEMENT 
$TITLEC 
'HSOMOD.A96: 
8096 
PWM 
PROGRAM 
MODIFIED 
FOR 
DRIVER') 
$PAGEWIDTHCI30) 


This 
program 
will 
provide 
3 PWM 
outputs 
on 
HSO 
pins 
0-2 
The 
input 
p~r.meters 
pass.d 
to 
the 
program 
are: 


HSO_ON_N 
HSO_OFF _N 
HSO 
on 
ti~e 
for 
pin 
N 
HSO 
off 
ti~e 
for 
pin 
N 


Where: 
Times 
are 
in 
timer! 
c~cl.s 
N 
ta.es 
values 
fro. 
0 
to 
3 


;;;;;; 
i; 
i;; 
i; 
ii; 
i ;i;; 
if;;;; 
;;;;;;,; 
i; 
jiiiiji.;; 
j 
;;;;;; 
i; 
j i;; 


NOTE: 
Use 
this 
file 
to 
replace 
the 
declarAtion 
section 
of 
the 
HSO 
PWM 
progrAm 
fro~ 
"$INCLUDECDEM096. 
INC)" 
through 
th" 
!in" 
prior 
to 
th" 
label 
"wait". 
Also 
change 
th" 
last 
branch 
in 
the 
program 
to 
a 
"RElN. 


RSEG 


D_STAT: 
eltrn 
eltTn 
eltTo 
altrn 
.Itrn 


DSB 
I 
HSO_OFF_O 
:word 
HSO_OFF_I 
:word 
HSO_C~D 
:b~te 
10SO 
:b~te 


HSO_ON_O 
HSO_ON_I 
HSO_TII1E 
TIMER I 
SP 


:word 
: word 
: lIIord 
: word 
: word 


public 
OLD_STAT 
OLD_STAT: 
dsb 
NEW_STAT: 
d.b 


cseg 
PUBLIC 
wait 


••••i t: 
JBS 
NOP 
roso. 
6. 
wait 
Loop 
until 
HSO 
holding 
register 
is 
empty 


For 
opp.ration 
with 
interrupts 
'store_stat 
. would 
be 
the 
entr~ 
point 
of 
the 
routine. 


Note 
thAt 
a DIor 
PUSHF 
might 
have 
to 
be 
added 
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11 


_.l 
8 


> 
"U•N.,. 
Cl» 


0004 
0004 
:HOFOO02 
0008 
980201 
0000 
DFF3 
0000 
940201 


0010 
0010 
300113 
0013 
380209 


0016 
0016 
1113000 
0019 
44000000 
0010 
2007 


?> 
001F 


!» 
001F 
1111000 


"1J 
0022 
44000000 
:E 
0026 
3: 
0026 
310113 
C:. 
0029 
390209 
(/J 
5' 
(Q 
002C 
01 :; 
002C 
B13100 
-, 


(J) 
CD 
002F 
44000000 
:I: 
0033 
2007 
Cl)0 
0035 
0 
0035 
1111100 
0 
0038 
44000000 
:::l 
<:!". 
:::l 
003C 
c 


·CD 
003C 
B00201 
.e, 


003F 
FO 


0040 


ASSEMBLY 
COMPLETED. 


4:5 
E 
46 
R 
47 
48 
R 
49 
50 
51 
52 
R 
53 
R 
54 
55 
56 


E 
57 
E 
58 
59 
60 
61 
E 
62 
E 
63 
64 
65 
R 
66 
R 
67 
68 
69 
E 
70 
E 
71 
72 
73 
74 
E 
75 
E 
76 
77 
78 
R 
79 
80 
81 
82 
83 
84 
85 


110 ERROR (S I FOUND. 


stor._st~t: 


ANDO 
CMPB 
.,JE 
XORO 


Check_D. 


set_Dn_O: 


LOO 
ADD 
OR 


set_off _0: 


LOO 
ADD 


check_I: 


set_o"_l 
: 
LOO 
ADD 
OR 


.et_off _1: 


LOB 
ADD 


check_done: 


LOB 


NEW_STAT. 
OLD_STAT. 
wait 
OLD_STAT. 


10SO. 
.OFH 
NEW_STAT 


NEW_STAT 


j 
Store 
new 
status 
of 
HSD 


• Jump 
if OLD_STAT(OI=NEW_STAT<OI 


Set 
HSO 
for 
timer!. 
set 
pin 
0 
Time 
to 
set 
pin; 
Timer! 
value 
+ 
Time 
for 
pin 
to 
be 
low 


Set 
HSO 
for 
timer1. 
clear 
pin 
0 
Time 
to 
clear 
pin 
= 
Timer1 
value 
• Time 
for 
pin 
to 
be 
high 


Jump 
if OLD_STAT(II=NEW_STAT(11 


Set 
HSO 
for 
timerl. 
set 
pin 
I 
Time 
to 
set 
ptn 
= 
Timer! 
value 


Set 
HSO 
for 
timerl. 
clear 
pin 
1 
Tim~ 
to 
clear 
pin 
= 
Timerl 
value 
• Time 
for 
pin 
to 
b. 
high 


Store 
current 
status 
and 


j 
wait 
for 
interrupt 
flag 


use 
"BR 
w.it'· 
if 
this 
routine 
is 
used 
with 
the 
driver 


JBC 
OLD_STAT. 
O. 
check_l 
JOS 
NEW_SlAT. 
O. 
set_off_O 


HSO_COMMAND 
•• 001100000 
HSO_TIME. 
TIMER1. 
HSO_OFF 
0 
check 
1 


HSD_COMMAND. 
.000100000 
HSO_TIME. 
TIMER1. 
HSD_ON_O 


JOC 
OLD_STAT. 
1. check_done 
JBS 
NEW_STAT. 
1. 
set_off_l 


HSO_COMMAND 
•• 
001100010 
HSO_TIME. 
TIMER1. 
HSO_OFF 
1 
, 


check_done 


HSO_COMMAND. 
.00010001B 
HSO_TIME. 
TIMER1. 
HSO_ON_l 


OLD_STAT. 
NEW_STAT 


RET 


END 
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_.er 
• 


:J>" 
IN 


oIiOo 
I» 


SERIES-Ill 
MCS-96 
MACHO 
MiSfMULER. 
VI 
0 


SOURCE 
FILE 
F3 
SP 
A96 
OBJfCT 
FILE 
F3 
SP 
OBJ 
CONrROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND 
NOSO 


ERR 
LOC 
OBJECT 
LINE 
I 
2 
3 
4 
=1 
5 
=1 
'3 
'4 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 


0028 


0028 
0029 
002A 
002B 
002C 
:. 
200C 
;.. 


U1 f 
200C 
9C20 


.:... 
:::!. 
-.j 
!!. 
2080 
" 
0 
2080 
AlOOOl18 
~ 
2084 
BI2016 


0027 


0080 
0026 


2087 
BI260E 
208A 
BI800E 


SOURCE 
STATE~NT 


.TITLE( 
'SP.A96: 
SERIAL 
PORT 
DEMO 
PROGRAM') 


.INCLUDE(DEM096.INC) 
.nolist 
Turn 
listing 
off 
for 
include 
file 
End 0' includ. 
'ile 


rseg 
.t 
28H 


CHR: 
d.b 
I 
SPTEMP: 
d.b 
1 
TEMPO: 
dsb 
I 
TEI'IPI: d.b 
1 
RCV_FLAG: 
d.b 


cseg 
.t 
200CH 


DeW 
.er-port_int 


c"., 
.t 
20BOH 
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LD 
SP. 
.IOOH 


LDB 
lOCI. 
.00100000B 
i 
S.t 
POl.0 to 
TXD 


i 
B.ud 
r.te 
• 
input 
frequ.nc~ 
1 164*b.ud_v.l) 
b.ud_v.1 
• 
linput 
frequ.nc~/64) 
1 b.ud 
r.te 


b.ud_v.1 
39 
i 
39 
= 
112.000.000/64)/4800 
b.ud 
equ 


BAUD_HIGH 
BAUD_LOW 
(lb.ud_v.I-I)/2561 
OR 
80H 
Ib.ud_v.l-ll 
MOD 
256 


i 
Set 
MSB 
to 
1 
equ 
equ 


LOB 
LDB 
BAUD_REG. 
.BAUD_LOW 
BAUD_REG. 
.BAUD_.HIGH 


11 


_.l 
• 


~ 
'1J. 
N,. 
CD 


20BO 
BI4911 


2090 
C42B07 
2093 
BI202A 


209b 
BI400B 
2099 
FB 
209A 
27FE 


209C 
209C 
F2 
2090 
2090 
BOl129 
20AO 
90292A 
;a.. 
20A3 
71b029 
~ 
20Ab 
07F5 


(f) 
20A8 
CD 
20AB 
3b2A09 
.. 
!t 
20AB 
C42B07 


01 
-0 
20AE 
71BF2A 
~ 
0 
20B1 
BtFF2C 
0> 
::s. 
0 
2004 
0 
2004 
302CIB 
a. 
20B7 
352AI5 
S· 
20BA 
002B07 
c: 
(I) 
2000 
710F2A 
.9; 


20CO 
717F2B 
20C3 
99002B 
20Cb 
0705 
20CB 
BIOA2B 
20C8 
2002 


20CO 
20CO 
112C 


20CF 
20CF 
F3 
2000 
FO 


2001 


ASSEMBLY 
COMPLETED. 
NO 
ERROR (5) FOUND. 


Bb 
B7 
BB 
B9 
90 
91 
92 
93 
94 
95 
9b 
97 
9B 
'/9 
100 
101 
102 
103 
104 
105 
lOb 
107 
lOB 
109 
110 
III 
112 
113 
114 
115 
Ill. 
117 
liB 
119 
120 
121 
122 
123 
124 
125 
12b 
127 
12B 
129 
130 
131 
132 


LOB 
SPCON. 
.01001001B 


; 
The 
serial 
port 
is 
now 
initialized 


Enable 
receiver. 
Mode 


SBUF. 
CHR 
TEMPO. 
.00100000B 


INT_MASK •• 01000000B 


loop 


Clear 
serial 
Port 
Set 
TI-temp 


; WaIt 
for 
serIal 
port 
interrupt 


Enable 
Serial 
Port 
Interrupt 


SPTEMP. 
SPSTAT 
TEMPO. 
SPTEMP 
SPTEMP ••OIIOOOOOD 
rd_agaln 


TEMPO. 
b. 
put_byte 
SOUF. 
CHR 
TEMPO •• 
1011111 IB 
RCII_FLAG •• OFFH 


RCII_FLAG. 
O. 
continue 
TEMPO. 
5, 
continue 
SBUF. 
CHR 
TEMPO •• 
11011111B 


CHR. 
.01111 IIIB 
CHR ••OOH 
elT_Tev 
CHR. 
.OAH 
continue 


RCII_FLAG 


This 
settion 
of 
code 
can 
be 
replaced 
w,th 
"ORB 
TEMPO. 
SP _STAT"' when 
the 
serIal 
port 
TI 
and 
RI 
bugs 
arp 
filed 


Repeat 
until 
TI 
and 
RI 
are 
properl~ 
cleared 


If RI-temp 
'5 not 
set 
Store 
byte 
CLR 
RI-temp 
Set 
bit-received 
flag 


If 
receive 
flag 
is 
cleared 
If 
TI 
was 
not 
set 
Send 
byte 
CLR 
TI-te ••p 


ThiS 
section 
of 
code 
appends 
an 
LF 
after 
a 
eR 
15 
sent 


; 
Clear 
bit-received 
flag 
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STB 
LOB 


LDB 
El 
lOOp: 
BR 


s e r _port_lnt 
PUSHF 
rd_Clgaln 
LDII 
ORB 
ANDD 
JNE 


get_by te. 


JOC 
STB 
ANDB 
LDB 


put_byte' 


JBC 
JBC 
LDB 
AN DB 


ANDB 
CMPB 
JNE 
LDB 
BR 


eIT_Tev: 


CLRB 


continue: 


POPF 
RET 


END 


_.er 
• 


:a- 
'"0 
IN 


""QI) 


SERIES-Ill 
MCS-96 
MACRO 
ASSEMBLER. 
VI 
0 


SOURCE 
FILE: 
F3:ATOO 
A96 
OOJECT 
FILE: 
:F3:ATOO.OOJ 
CONTROLS 
SPEC IFIEO 
IN 
INVOCATION 
COMr1ANO: 
NOSB 


ERR 
LOC 
OBJECT 
LINE 
1 
2 
3 
=1 
4 
=1 
~2 
~3 
~4" 
56 
~7 
~8 
~9 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


0028 


0020 
OOlE 


0028 
0028 
El 


002A 
002C 
002E 
- 
0 
U1 
Cl 
.:., 
2080 
ID 
0 
0~il 


2080 
AI000118 
2084 
0120 


2086 
55082002 


208A 
FO 
208B 
FO 
208C 
3B02FO 


208F 
B0021C 
2092 
000310 


209~ 
~420201E 
2099 
ACIEIE 
209C 
C31E281C 


20AO 
1720 


SOURCE 
STATEMENT 
STITLE( 
·ATOO.A96: 
SCANNING 
THE 
A 
TO 
0 CHANNELS') 


SINCLUOE(OEM096.INC) 
Snolist 
; 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


RSEG 
at 
28H 


BL 
OL 
EOU 
EOU 
BX:BYTE 
OX: BYTE 


RESUL T_TABLE: 


RESULT_l 
dsw 
RESULT_2 
dsw 
RESULT_3 
dsw 
RESULT_4: 
dsw 
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C5.g 
at 
2080H 


start: 
LO 
CLR 


n.xt: 


NOP 
NOP 
check: 
JOS 


SP. 
.100H 
BX 


; Set 
Stack 
Pointer 


AOOO 
5ta~t 
conversion 
on 
channel 
indicated 
b~ 
BL 
register 
AO_COMMANO.BL 
•• 
1000B 


; W.it 
for 
conversion 
to 
start 


AD_RESULT 
LO. 
3. 
check 
Wait 
while 
A 
to 
0 
is 
bU5~ 


LOB 
LOB 
AL. 
AO_RESULT_LO 
AH. 
AO_RESULT_HI 


OL. 
BL. 
BL 
OX. 
OL 
AX. 
RESULT_TABLE[OXl 
Store 
re.ult 
indexed 
b~ 
OL*2 


Load 
low 
order 
result 
Load 
high 
order 
result 


; OL=BL*2 
AOOB 
LOBZE 
ST 


INCB 
; 
Increment 
BL 
modulo 
4 
BL 


_.l 
• 


~l' 
t.)~ 
OCI 


infel· 
AP-248 


J: 
M0• .. 
j 


M• 
ID 
C 


ID 
Cl 
Cl 
Z 
a: 
Z 
« 
ID 
UJ 


ciz 
::>0 
fj;!88i~~ u. 


UI 


0:0 
0:a: 
UJ 
0z 


Q 
UJ>- 
0 
UJ 
N 
.J 
n 
~ 
§ 
0..• 
,... 
,... 
N 
u 
N 
.., 
,... 
> 
C 
c 
-e 
.J 
0 
0 
0 
CD 
N 
N 
N 
I: 
UJ 
'"'"C 


A.8. A to 0 Converter 
(Continued) 


5·80 


SERIES-Ill 
MCS-96 
MAC~O 
ASSEMBLER, 
VI ° 


SOURCE 
FILE: 
:F3:A2DHSO.A96 
OB~ECT 
FILE: 
:F3:A2DHSO.OB~ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOSB 


0028 


OOIE 


01 
I 


0028 
m 
0028 
..• 
002A 
002C 
002E 


0030 
0030 
0032 
0034 
0036 


0038 
003A 
003C 
003E 
0040 
0044 
0046 
0048 
004A 


ERR 
LOC 
OB~ECT 
LINE 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
=1 
I1 
=1 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7~ 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 


SOURCE 
STATEMENT 
$TITLE 
('A2DHSO.A96: 
GENERATING 
PWM 
OUTPUTS 
FROM 
A 
TO 
D 
INPUTS') 


This 
program 
will 
provid. 
3 PWM 
outputs 
on HSO 
pins 
0-2 
and 
one 
on 
the 
PWM. 


The 
PWM 
values 
are 
d.termined 
bU 
the 
input 
to 
the 
AID 
converter. 


iii 
;;;;;; 
i;; 
j ii; 
ji;; 
i; 
ii; 
;i;; 
j;; 
i; j; 
;;; 
;ij;;' 
i;; 
iii; 
j i ii;;i 
j 
; 


$INCLUDE(DEM096.INC) 
$noliot 
i 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
file 


RSEG 
AT 
28H 


DL 
EGU 
DX:BVTE 


ON_TIME: 
PWM_TIME_I: 
DSW 
HSO_ON_O: 
DSW 
HSO_ON_l: 
DSW 
HSO_ON_2: 
DSW 


RESULT_TABLE: 
RESULT_O: 
DSW 
RESULT_I: 
DSW 
RESULT_2: 
DSW 
RESULT_3: 
DSW 


NXT_DN_T: 
DSW 
1 
NXT_OFF_O: 
DSW 
I 
NXT_DFF _1: 
DSW 
1 
NXT_OFF _2: 
DSW 
I 
COUNT: 
DSL 
1 
AD_NUM: 
DSW 
I 
TMP: 
DSW 
I 
HSOYER: 
DSW 
1 
LAST_LOAD: 
DSB 
J 


Channel 
being 
converted 
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11 


:I: 
eno 
l>zC 
l> 
-Io 
C 
Cl> 
z"U 
c"U 
mm 
:rJZC 
-- 
Z>< 
r;:Im 
:rJ:rJ 
C 
"U-t 
oo 
Z-t 
:rJor- 


_.l 
8 


~~ 
IN• 
co 


01 
ex, 
I\) 


20BD 
91010F 
20CO 
65010040 
20C4 
A40042 
20C7 
71FEOF 
20CA 
27FI 


2000 


2000 
8020 
2002 
1021 
2004 
8020 
2006 
CC20 


2080 


2080 
AIOOOl18 
2084 
OIIC 
2086 
051C 
2088 
D7FC 


208A 
1144 


208C 
AI800028 
2090 
AIOOOl48 
2094 
AI40002A 
2098 
AI80002C 
209C 
AIC0002E 


2()AO 4500010A38 


20A5 
BI3606 
20A8 
A03804 
20AB 
FD 
20AC 
FD 
20AD 
012206 
2000 
643804 


20B3 
91074A 
2006 
010A08 
2009 
BIOA09 
20BC 
FB 


87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
lOO 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
III 
112 
113 
114 
11:l 
lib 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 


cseg 


$E.JECT 


cseg 


5 tar t: 


wal t: 


loop: 


$E.JECT 


CLRO 


LD 
LD 
LD 
LD 
LD 


AT 
2000H 


DCW 
DCW 
DCW 
DCW 


start 
Atod_done_int 
stilrt 
HSO_p.xec 
int 


Timer_Dvf 
int 


HSl_data 
int 


AT 
20aOH 


LD 
CLR 
DEC 
.JNE 


SP. 
.IOOH 
AX 
AX 
wait 


Set 
Stack 
Pointer 


wait 
approx 
0.2 
seconds 
for 
SBE 
to 
finish 
communications 


AD_NUM 


PWM_TlME_1 
•• 
0aOH 
HSO_PER. 
.IOOH 
HSO_ON_O. 
.040H 
HSO_ON_I 
•• 080H 
HSO_ON_2. 
.OCOH 


ADD 
NXT_ON_T. 
Timerl •• 
IOOH 


LOO 
LD 
NOP 
NOP 
LOB 
ADD 


HSO_COMMAND 
•• 001101100 
HSO_TlME. 
NXT_ON_T 
S••t HSO 
for 
ti•••• 
r r , 
set 
pin 
O. I 
with 
interrupt 


HSO_COMMAND. 
.001000100 
HSO_TlME. 
NXT_ON_T 
S ••t HSO 
for 
t~m ••r t , 
s••t pin 
2 
without 
interrupt 


ORO 
LAST_LOAD 
•• 000001110 
; Last 
loaded 
value 
was 
set 
all 
pins 
LOO 
lNT MASK •• 000010100 
j 
Enabl ••HSO 
and 
AID 
int ••rrupts 
LOO 
lNT=PENDlNG 
•• 000010100 
; Fake 
an 
AID 
and 
HSO 
interrupt 
El 


Portl •• 000000010 
COUNT •• 
01 
COUNT+2. 
zero 
Port!. 
.11111110B 
loop 


; set 
PI.O 


; 
clear 
Pt. 0 


ORO 
ADO 
ADDC 
AN 00 
OR 
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_.l 
~ 


» 
'tI 
IN~ 
CD 


132 
133 
134 
135 
136 


20CC 
137 
20CC 
F2 
138 


20CO 
91020F 
139 
140 


2000 
48380A46 
141 


2004 
880046 
142 


2007 
OEI9 
143 
144 


2009 
145 


2009 
644838 
146 


200C 
013606 
147 


200F 
A03804 
148 


20E2 
FO 
149 


20E3 
FO 
ISO 


20E4 
012206 
I~I 


20E7 
A03804 
152 
1~3 


20EA 
91074A 
154 
155 


I 


20EO 
002817 
156 
01 
1~7 
Q, 


(,.) 
20FO 
2026 
1~8 
1~9 
160 


20F2 
161 


20F2 
304A23 
162 
163 
20F5 
442A383A 
164 
20F9 
811006 
165 
20FC 
A03A04 
166 
167 
20FF 
FO 
168 
2100 
442C383C 
169 
2104 
811106 
170 
2107 
A03C04 
171 
172 
210A 
FO 
173 
2108 
442E383E 
174 
210F 
811206 
17~ 
2112 
A03E04 
176 
177 


2115 
71F84A 
178 
179 


2118 
IBO 


211B 
71FOOF 
IBI 


,.; 
•• 
0 
•• 
i. 
i ••••• 


., 
to 
••• 
, 
••• 
" 
•••• 
i., ••• , i, 
••••••• 
, •• 
, ••••• 
" 
•• 
, ••• 
"., 
••• 
; ••• 
I 
•••• 
' 
i ••••••••• 
, ... , .. , ..... 
,;., .... 
HSO 
EXECUTED 
IN1ERR\lPI 


•••• 
; ••••••••••••••••••• 
, •••••••• 
, •••• 
i ••• 
, •••••• 
i 
••••••••• 
; 
•••• 
, 
••••••• 
, 
•• 
i. 


HSO_exeC_lnt 
PUSHF 
ORO 
Portl •• 000000100 
• Set 
pi I 


SUO 
TMP.TIMERI. 
NXT_ON_T 
CMP 
TMP. ZERO 
JLT 
s@t_off_tlme5 
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set_on_t 
imes' 
ADO 
LOO 
LO 
NOP 
NOP 
LOO 
LD 


ORO 


LOO 


OR 


NXT_ON_T. 
HSO_PER 
HSO_COMMAND •• 001101100 
HSO_TIME. 
NXT_ON_T 
, 
Set 
HSO for 
timer1. 
set 
pin 
0.1 


HSO_COMMAND. 
.001000100 
HSO_TIME. 
NXT_ON_T 
; 
Set 
HSO for 
timert. 
set 
p r n 2 


LAST_LOAD •• 000001110 
Last 
loaded 
value 
was 
all 
ones 


PWM_CONTROL. 
PWM_TIME 
Now 
is 
as 
good 
a 
time 
as 
an~ 
to 
update 
the 
PWH 
reg 
check_don. 


set_off 
_times: 


JOC 
LAST_LOAD. 
O. 
check_done 


ADO 
NXT_OFF_O. 
NXT_ON_T. 
HSO_ON_O 
LOO 
HSO_COMMAND •• 000100000 
; Set 
HSO 
for 
timerl. 
clear 
pln 
0 
LD 
HSO_TlME. 
NXT_OFF_O 


NOP 
ADO 
NXT_OFF_I. 
NXT_ON_T. 
HSO_ON_1 
LOO 
HSO_COMMAND •• 000100010 
; Set 
HSO 
for 
ti~erl. 
clear 
pin 
I 
LD 
HSO_TIME. 
NXT_OFF_l 


NOP 
ADD 
NXT_OFF_2. 
NXT_ON_T. 
HSO_ON_2 
LOO 
HSO_COMMAND •• 000100108 
; Set 
HSO 
for 
tlmerl. 
cle.r 
pin 
2 


LD 
HSO_TlME. 
NXT_OFF_2 


ANDO 


check_done. 


ANOO 


LAST_LOAD •• 
111110008 
; L.st 
loaded 
value 
was 
aliOs 


Portl •• 
111111010 
; CI •••r PI. 1 


_.c( 


» 
"0. 
N~ 
CD 


2110 
F3 
211C 
FO 


182 
183 
184 
18:5 
186 
187 
188 
189 
190 
191 
192 
193 
194 
19:5 
196 
197 
198 
199 
200 
201 
202 
203 
204 
20:5 
206 
207 
208 
209 
210 
211 
212 
213 
214 
21:5 
216 
217 
218 
219 
220 
221 


POPF 
RET 


$E.lECT 


i. i;;;;, 
j; 
;i; 
ii; 


;.;;; 
i; 
i;; 
i;;;;; 
i;;; 
i; 
j i; 
j;; 
i;;;;; 
j;;;;;;;;; 
i.;;;;;;;;, 
; ; i. 
i; i;;;,;. 
j ji;;;;i; 


; 
j j;;,;;;;; 
j;;;; 
i;; 
A TO 
0 
COMPLETE 
INTERRUPT 


;;; 
; i i;;; 
i;;; 
s s : , 
ji 
jj; 
s , j;;;;; 
; i ji;;; 
i;;;;; 
iii 
i;;;;; 
j;;;;;.;;;.;;.;,.;;; 
i; 
i;; 


ATOD_don,,_int: 


PUSHF 
ORB 
Portl •• 000001000 


ANDO 
LOO 
ADDO 
LDolE 
ST 


CMPO 
.lNH 
CMPO 
.lE 
INCO 


no_rnd: 
LOO 
CLRO 
ST 


INCo 
ANDO 


n •• t: 
ADDO 


; 5. t 
PI. 2 


AL. 
AD 
RESULT 
LO •• II000000B 
Load 
lo~ 
ord"r 
r"sult 
AH. 
AD:RESULT:HI 
Load 
high 
order 
result 
DL. 
AD_NUM. 
AD_NUM 
DL; 
AD_NUM 
*2 
OX. 
DL 
AX. 
RESULT_TAOLE[DXl 
; Stor. 
r.sult 
ind •• "d 
by 
OX 


AL. 
.010000000 
no 
rnd 
j 
Round 
up 
if 
nReded 
AH~'OFFH 
j 
Don't 
increment 
if 
AH=OFFH 
no_"nd 
AH 


AL. 
AH 
; Align 
byte 
and 
chang. 
to word 
AH 
AX. 
ON_TIME[DXl 


AD_NUM 
AD_NUM. 
.03H 
; Ke.p 
AD_NUM 
betw""n 
0 
and 
3 
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NO 
ERROR(S) 
FOUND. 


2110 
211D 
F2 
211E 
91040F 


2121 
:5IC002IC 


212:5 B0031D 
2128 
:5444441E 
212C 
AC IEIE 
212F 
C31E30lC 


2133 
9940lC 
2136 
DI07 


2138 
99FFID 


2130 
DF02 
213D 
171D 
U1 I 
CD 
213F 
oOIDIC 
~ 
2142 
11ID 


2144 
C31E281C 


2148 
1744 
214A 
710344 


214D 
55084402 


2151 
71FOOF 
2154 
F3 
2155 
FO 


21:56 


ASSEMBLY 
COMPLETED. 


ANDO 
POPF 
RET 


END 


AD_COMMAND. 
AD_NUM •• 
10000 
; Start 
conversion 
on 
chann.l 


; 
indicated 
by 
AD_NUM 
r"gister 
Port!. 
.111110110 
; Clear 
PI. 2 


_.l 
• 


~ 
"0 
•N•• 
CD 


SERIES-Ill 
MCS-96 
MACRO 
ASSEM8LER, 
VI 0 


SOURCE 
FILE: 
:F3.SWPORT.A96 
OBJECT 
FILE: 
.F3:SWPORT.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOSB 


ERR 
LOC 
OBJECT 
LINE 
I 
2 
3 
4~ 
6 
7 
=1 
8 
=1 
~6 
~7 
~8 
~9 
60 
61 
62 
63 
64 
6~ 
66 
67 
68 
6<1 
70 
71 
72 
73 
74 
7~ 
76 
77 
78 
7<1 
80 
81 
82 
83 
84 
8:1 
86 
87 


SOURCE 
STATEMENT 
'TITLE('SWPORT.A96 
SOFTWARE 
IMPLEMENTED 
ASYNCHRONOUS 
SERIAL 
PORT') 


This 
module 
provide, 
• software 
implemented 
asVnchronous 
serial 
port 
for 
the 
8096. 
HSO.~ 1s used 
for 
transmit 
data. 
HSI. 2 
1s used 
for 
rec,ive 
data. 
Note: 
the 
choice 
of HSO.' 
and HSI. 2 is 
arbitrar\l). 


SINCLUDE(DEM096.INC) 
.nollst 
Turn 
listing 
off 
for 
include 
fl1e 
End 
of 
include 
file 


VARIABLES 
NEEDED 
BY THE SOFTWARE 
SERIAL 
PORT 


rseg 


losl_save: 
d.b 
I 
rcve_state: 
d.b 
I 


rXl"d'l 
equ 
I 
"xoverrun 
equ 
2 
rip 
equ 
4 
rcve_buf: 
d.b 
I 
••evI_reg: 
d.b 
I 
.amp I._tiMe: 
ds", 1 


s.rial_out: 
d••• 


baud_count: 
d••• 


t.d_tim.: 
d••• 


char: 
d.b 


; Used 
to save 
contents 
of 
i051 


indicates 
receive 
done 


i 
indicates 
receive 
overflow 


I 
receive 
in progress 
flag 
used 
to double 
buffer 
receive 
data 
used 
to desert.11z. 
receive 
records 
last receive 
,•• ple 
time 


Holds 
the output 
ch.racter+framing 
(start 
and 
stop 
bit.) 
for 
trans.it 
process. 


HoldS 
the period 
of one 
bit 
in units 
of 
T1 
tick •. 


J 
Transition 
time 
0' 
last TJd 
bit 
that 
~as 
unt 
to thR CA/1 
for 
test 
onlv 


COMMANDS 
ISSUED 
TO THE HSO UNIT 


m.rk_com~and 
equ 
spae8_co ••• nd 
e~u 
sample_co ••and 
equ 


SeJect 


OllOIOlb 
OOIOIOlb 
oor toooe 


; 
timer1. 
set. 
interrupt 
on 
5 
timerS, 
c t r-. interrupt 
on ~ 


j 
software 
timer 
0 


0000 


0000 
0001 
0001 
0002 
01 I 
0004 
Co 
0002 
01 
0003 
0004 


0006 


0008 


OOOA 


OOOC 


003:1 
0015 
0018 
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11 


eno."-I 
=e~ 
~." 
ll." 
mm 
enZ 
me 
ll- 
->< 
~o 
."oII 
-I 


_. 
er 
• 


~'tI•N~ 
CD 


2080 


2080 


2080 
FA 
2081 
AIF00018 
208' 
C9C012 
2088 
EFOOOO 
208B 
BI6C08 
208E 
FB 


208F 


R 


R 


R 


R 


R 


R 


R 


R 
R 


88 
89 
90 
91 
92 
93 
94 
9' 
96 
97 
98 
99 
100 
101 
102 
103 
104 
10' 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
liB 
119 
120 
121 
122 
123 
124 
12' 
126 
127 
128 
129 
130 
131 


cse9 
at 
2080h 


reset_loco 


The 
8096 
start5 
executing 
here 
on 
reset, 
the 
program 
~ill 
Initialile 
the 
the 
software 
serial 
port 
and 
run 
a 
simple 
test 
to 
exeereile 
it. 


di 
Id 
push 
call 
Idb 
.i 


sp ••OfOh 
.4800 
setup_serial-port 
int_m.sk ••Oll0ll00b 
; 
serial, 
swt, hSQ. hsi 


0000 
208F 
BI0DOe 
2092 
2092 
AeOele 


U1 
I 


2095 
C81C 
60 
2097 
EF3000 
en 
209A 
990DOC 
209D 
0706 
209F 
or re 
20Al 
20Al 
071e 
20A3 
07FC 
20A5 


20A5 
170C 
20A7 
20A7 
EF4400 
20AA 
98001C 
20AD 
DFE3 
20AF 
EF4COO 
20B2 
BOleOe 
20B5 
27DB 


t.$t1 : 


A 
si.ple 
test 
of 
the 
serial 
port 
routines. 


While 
no 
characters 
are 
received 
an 
incrementing 
pattern 
is 
sent 
to 
the 
se .•.i.l 
output. 
When tit 
character 
is 
received 
the 
incrementing 
patt,ern 
I'Jumps~ 
to 
the 
character 
".ceved 
and 
proceeds 
frOM 
there. 


CR 
e'lu 
ODH 
Idb 
ch •.•.,.CR 
te.t11oop: 
Idb.e 
al',char 
push 
•• 
c.ll 
Char_out 


c••pb 
char ••CR 
lone 
nopause 
clr 
•• 
pause: 
ine 
•• 
bn •• 
pause 
nopause: 


incb 
char 
t•••t2: 
c.ll 
[sts 
c••pb 
.1.0 
be 
tIP.tlloop 
c.ll 
char 
in 
ldb 
char.al 
br 
te.tlloop 
•.•• 
J.ct 


; 
Carriage 
return 


j 
Pause 
on 
Carriage 
return 


char 
read,,? 


loop 
if not 
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_.et 


8 


~" 
•N•• 
C» 


0000 


0000 


0000 
CC22 
0002 
CC20 
0004 
AI0700lE 
0008 
AI20AIIC 
OOOC 
8C20lC 
OOOF 
COO81C 
0012 
C00600 
001:1 016016 
0018 
3EI5FO 


0018 
44140AOA 
OOIF 
013:106 
0022 
AOOA04 
0025 
1102 
0027 
1103 
0029 
1101 
0028 
EF4800 
002E 
E322 
I 
01 
Go 


I 


0030 
-..j 


0030 
CC22 
0032 
CC20 
0034 
BIOl21 
0037 
642020 
003A 
003A 
880006 
0030 
D7FO 
003F 
C00620 
0042 
E322 


0044 


004401lC 
0046 
300102 
0049 
071C 
0040 
0048 
FO 


004C 


R 


R 


R 


R 
R 
R 


R 


R 


R 


R 


132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
14:1 
146 
147 
148 
149 
1:10 
1:11 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
16B 
169 
170 
171 
172 
173 
174 
175 
176 
177 
17B 
179 
1BO 


cseg 


5etup_5~rlal_port 
Called 
on 
5~5tem 
reset 
to 
intiate 
the 
5oft~are 
serial 
port 


pop 
pop 
Id 
Id 
divu 
st 
st 
Idb 
bbs 


add 
Idb 
Id 
clrb 
clrb 
clrb 
call 
br 
."J"ct 


clear 
serial 
out 
Enabl" 
HSO.5 
and 
Wait 
for 
room 
in 
and 
issue. 
MARK 
tld_time, 
timert. 
20- 


hSD_com 
•• nd,.mar._command 
hiD_time. 
txd_time 
rcve_buf 
; 
clear 
out 
the 
receive 
variables 
rcve_reg 
reve_state 
tntt_recetve 
r e Il 


c. 
b. 
d ••1I0007h 
••••1I0AI20h 


ilX. 
b. 
.x.baud_count 
0. serial_out 
ioc 1.1I01l00000b 
iosO.6 •• 


the 
return 
address 
the 
baud 
rate 
(in 
decimal) 
dl:ax 
=500.000 
(assumes 
12 Mhz 
cr~stal) 


calculat" 
th. 
baud 
count 
(500,OOO/b 
••udrat,,) 


T.d 
th" 
HSO 
CAI'! 
ca_and. 


s~tup 
to 
detRct 
•• start 
bit 
return 


char_out 
Output 
character 
to 
the 
software 
serial 
port 


pop 
pop 
Idb 
add 
wait_for 
_xm·it' 
cmp 
bne 
st 
bl' 


Cl 
b. 
(b.+1 ).1I01h 
b I. 
b x 


serial_out,a 
wai t_for 
_xmi t 
e e , serial_out 
[Cl 
] 


the 
return 
address 
the 
character 
for 
output 
add. the 
start 
and 
stop 
bits 
to 
the 
char 
and 
le·ave 
as 
16 
bit 


wait 
for 
serial_out=O 
(it 
will 
be 
cleared 
by 
the 
hso 
interrupt 
process) 
put 
the 
fQrmatted 
character 
in 
serial_out 
return 
to 
caller 


csts 
Returns 
"true" 
(ax<)O) 
if 
char 
in 
has 
a 
character. 


cll' 
bbc 
inc 
csts_exit. 
ret 


char 
in: 


•• 
rcve_state.O.csts._exit 
a. 


270061-93 


cl 


8 


~-a 
•N~ 
CD 


U1a. 
(J) 


0076 
010015 
0079 
012003 
007C 
007C 
901600 
007F 
370008 
0082 
80061C 
0085 
A0041C 


R 


R 
R 


R 


R 
R 


R 


R 


R 


R 
R 


181 
182 
183 
184 
lB' 
lBb 
lB7 
lBB 
IB9 
190 
191 
192 
193 
194 
19' 
19b 
197 
19B 
199 
200 
201 
202 
203 
204 
20' 
20b 
207 
20B 
209 
210 
211 
212 
213 
214 
21' 
21b 
217 
21B 
219 
220 
221 
222 
223 
224 
22' 
226 
227 
228 
229 
230 


; Get. 
characte •. 'rom 
the 
software 
serial 
port 


bbe 
pu.hf 
.ndb 
Idbu 
popf 
•••t 
'.J.et 


i 
wait 
for 
character 
r.ad~ 
rcve_state,O,char_1n 
; 
•• t 
up 
• 
critical 
region 
rcv._st.t ••• not(r.rd~) 
al,rcve_bu' 
; 
leave 
the 
critical 
region 


hso_isT' 
F1elds 
the 
hso 
interrupts 
and 
performs 
the 
serializatlon 
of 
the 
data. 


Not." 
t~i5 
routine 
~ould 
be 
incorporated 
into 
the 
hso 
service 
str.teg~ 
for 
an 
actual 
5vstem. 


cseg 
de••• 


(5eg 
pushf 
add 
emp 
boo 
.hr 
be 
send_space: 


ldb 
Id 
br 
send_milrlc 
: 
Idb 
Id 


hso iST_.lit: 


popf 
,."t 
'''Jeet 


at'200hh 
h50 
isr 
; 
Set 
up ve c tor 


tld_time.baud_count 
serial_out.O 
; 
if 
send_Inark 
serial_out 
•• 1 
send_",ark 


character 
is done 
send 
a mark 


004C 
300lFO 
004F 
F2 
OO~ 
71FEOI 
0053 
AC021C 
00510 
F3 
00'7 
FO 


0058 


2006 
20010 
5BOO 


0058 
005B 
F2 
0059 
64080A 
005C 
880006 
005F 
DFOO 
0061 
080106 
0064 
0008 
0066 
0066 
011506 
0069 
AOOA04 
006C 
2006 
006E 
OOhE 
813506 
0071 
AOOA04 


0074 
0074 
F3 
0075 
FO 


0076 


else 
send 
bit 
0 
of 
serial_out 
and 
shift 
serial_out 
left 
one 
place. 


hso_command 
•• space_command 
hso_.ttme. tld_time 
hso_isr _exit 


hso_co ••• nd,.mark_command 
hso_tt ••• tld_tt.e 


lnlt_Te-ce-tVe-: 


Calle-d 
to 
prepare 
the 
serial 
Input 
process 
to 
find 
the 
leading 
edge 
of 
a start 
bit. 


Idb 
Idb 
flush_fifo' 


orb 
bbc 
Idb 
Id 


ioeO ••OOOOOOOOb 
h51_~Qd ••• 00100000b 
disconnect 
Change 
detector 
negative 
edges 
on 
HSI 
2 


tosl_save. 
ios1 
tosl_save. 7. flush._fifo_done 
.1, hsi_status 
al. hsi_tlme 
; 
trash 
the 
fifa 
entry 
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-- 
cC 
• 


» 
'U 
IN~ 
CO 


U1 
Co 
CD 


0086 
0006 
F2 
0007 
901600 
OOOA 
71FEOO 
0000 
:;IFeOl00 
ooel 
070e 


R 


R 


R 


R 


R 


R 


R 


R 
R 
R 


231 
232 
233 
234 
235 
236 
237 
23B 
239 
240 
241 
242 
243 
244 
245 
246 
247 
24B 
249 
2:;0 
251 
252 
2:;3 
2:;4 
2:;:; 
256 
2'7 
2:;B 
259 
260 
261 
262 
263 
264 
265 
266 
267 
26B 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
280 


andb 
br 
flush_fifo_done 
ldb 
r.t 


iosl_save.'not(BOh) 
flush_fUo 
clear 
bIt 
7. 


iocO.'OOOIOOOOb 
; 
connect 
HSI.2 
to 
detector 
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OOBB 
717FOO 
OOBO 
27EF 
OOBO 
OOBO 
811015 
0090 
FO 


0091 


2004 
2004 
'1100 


0091 
0091 
F2 
0092 
CBle 
0094 
00061e 
0097 
A00404 
009A 
341el5 
0090 
3F15FO 
OOAO 
AOOBle 
00A3 
08011e 
00A6 
641e04 
00A9 
811806 
OOAe 
e00404 
OOAF 
81001:; 
00B2 
0002 
eele 
0004 
F3 
0005 
FO 


0086 


200A 
200A 
8600 


hSI_1sT: 


Fields 
interrupts 
from 
the 
HSI 
unit, 
used 
to 
detect 
the 
leading 
edge 
of 
th. 
START 
bit 
Not.: 
this 
routine 
~ould 
be 
incorporated 
into 
the 
HSI 
5trateg~ 
of 
an 
actual 
svsteM. 


c•• g at 
2004h 
dew 
hsi_ist" 


co.g 
puohf 
push 
Idb 
Id 
bbc 
bbs 
Id 
shr 
add 
Idb 
st 
Idb 
elit_hsi: 


pop 
popf 
r~t 
.e ..ect 


; 
s.tup 
the 
interrupt 
vector 


al 
aL hsi_status 
s.~ple_tim.,h5i_time 
al,4.elit_hsi 
10s0,7 
•• 
ill,baud_count 
iI.,.1 
sample_time,al 
h50_com~and,.5ampl._comm.nd 
sample_time,hso_time 
iocO.'OOOOOOOOb 


~ait 
for 
room 
in 
HSO 
holding 
1'eg 
send 
out 
sample 
command 
in 
1/2 
bit 
tim~ 


j 
disconnect 
hsi.2 
from 
Change 
detector 


ill 


software_timer_lsr 
Fields 
the 
software 
timer 
interrupt. 
us@d 
to 
deserlaliz~ 
the 
lncommlng 
data 
Note' 
thiS 
routine 
would 
be 
incorpordted 
into 
the 
software 
timer 
~tategy 
in 
an 
actual 
system. 


cseg 
at 
200ah 
dcw 
software_timer_isr 


C5.g 
pushf 
orb 
andb 
andb 
bne 


setup 
vector 


iosl_save. 
iosl 
iool_save"not(Olh) 
O.Tcve_state._Ofch 
pToc.ss_d,ata 


clear 
bit 
0 
All 
bits 
~Icept 
rxrdy 
and 
overrun=O 


_.l 
• 


~ 
"U 
IN.,.. 
CO 


00C3 
00C3 
350604 
00C6 
2FAE 
00C8 
2032 
OOCA 
OOCA 
910401 
OOCD 
2021 


OOCF 
OOCF 
3FOIOE 
0002 
180103 
0005 
350603 
0008 
918003 
0008 
0008 
751001 
OODE 
2010 


OOEO 
OOEO 
3506FO 
00E3 
B00302 
00E6 
910101 
00E9 
710301 
OOEC 
2F88 
OOEE 
200C 


CJ'1 
I 
OOFO 
cO 
0 
OOFO 
3FI5FO 
OOF:J 8 11806 
00F6 
640804 
OOF9 
C00404 


OOFC 
OOFC 
F3 
OOFD 
FO 


OOFE 


ASSEMBLY 
COMPLETED. 


R 


R 
R 


R 


R 


R 
R 


R 


R 
R 


281 
282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 


proceS5_start_bit: 


bbc 
call 
br 
start_ok: 


orb 
br 


proc ess_data: 


bb. 
shrb 
bbc 
orb 
datal.ro: 


addb 
br 


check_stopbit: 


bbc 
ldb 
orb 
andb 
call 
br 


hli_status,5, 
start_ok 
init_receive 
loft~ar._tiMer_e.it 


rcve_state 
.• rip 
; 
set 
receive 
in 
progress 
flag 
schedu le_"amp le 


rcve_state,7,check_stopbit 
rcvR_r., 
.• 
1 
hsi_statu 
•• ',datazero 
rcve_reg 
•• 80h 
; 
set 
the 
n.~data 
bit 


reve_stat.,ll0h 
Ichedule_"amp 
1. 
increment 
bit 
count 


hli_statul.5 
•• 
, DE8UG 
ONLY 
rcve_buf,rcve_reg 
rcv._5t.t."rlrd~ 
rcve_,tate,I03h 
; Clear 
all 
but.r.ad~ 
and 
ov.rrun 
bits 
init_receive 
software_timer_exit 


schedule_"ample: 


bbl 
1050,7,. 
; wait 
for 
holding 
r.g 
.Mpt~ 
ldb 
hlo_co 
••• nd"sample_command 
add 
sample_ti 
•• ,baud_count 
It 
•• mple_tt 
•• ,hso_time 


NO 
ERROR(S) 
FOUND. 


software_timer_exit: 


popf 
ret 


end 
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_.er 
• 


~'tI 
IIll).,. 
Cl» 


SERIES-Ill 
MCS-96 
MACRO 
ASSEMBLER. 
VI 0 


SOURCE 
FILE. 
F3:MOTCON.A96 
OBJECT 
FILE: 
:F3: MOTCOI~.08J 
CONTROLS 
SPECIFIED 
IN INVOCATION 
COMMAND: 
Nosa 


ERR LOC 
OBJECT 
LINE 
1 
2 
3 
4 
:5 
6 
7 
=1 
8 
=1 
:56 
:57 
:58 
:59 
60 
61 
62 
63 
64 
6:5 
66 
67 
68 
69 
70 
71 
72 
73 
74 
7:5 
76 
77 
78 
79 
80 
81 
82 
83 
84 
8:5 


SOURCE 
STATEMENf 
.TITLE 
('MOTCON.A9b: 
Motor 
Control 
Example 
Program') 


USE 
WITH 
C-STEP 
or 
later 
parts 


December 
20. 
1984 


$INCLUDE<DEM096. 
INC) 
$nolist 
Turn 
listing 
off 
for 
include 
file 
End 
of 
include 
fl1e 


"~;;;;;;;;; 


flln_hsi 
t_t 


Ifti"_hsi_t 


ntal_hsil_t 


HSOO_dlV-p.~iod 
.qu 


swtl_dl~-p.riod .~u 
swt2_dlv-period 
e~u 
•• x-power 
.~u 
Mal_brake 
e~u 
~axintum_hold 
e~u 
brake-pnt 
.~u 
posttlon-pnt 
.qu 
velocttv-pnt 
.~u 


RSEG 
at 024H 


tmp: 
ti •• r_2: 


Initt.l 
V.IIlues 


.qu 
30 
; Mtn 
pertod 
fOT 
PHA 
edges 
1n 
model 
before 
mode2 
001E 


003C 


0069 
I 
C11 
~ 
006E 


OOFA 
OOFA 
OOFF 
OOFF 
0080 
0480 
0064 
0010 


0024 


0024 
0028 


.qu 
2".in_hst 
l_t 


i 
.in 
period 
for 
PHA 
edges 
in 
modeO 
before 
model 


.qu 
3*"'io_hsl1_t 
+ .in_hsil_t/2 
; 
Mal 
period 
for 
PHA 
edge. 
tn 
model 
before 
modeO 


110 
delav 
for 
HSO 
tt •• r 
0 
(timed 
count 
of 
pulses) 
Ifti" 
period 
for 
~ 
T2 
cloc's 
before 
mode 
1 


2:50 
2:50 
Offh 
Offh 
080H 
1200 
100 
16 


del.~ 
for 
softw.re 
timer 
1 
d~la~ 
for 
50ftwar. 
timer 
2 


d51 
d 51 


270061-97 


3:o 
-to 
::D0» 
O"C 
Z"C 
-tm 
::DZ 
OC.- 
>< 
~Co 
Cl 
::D»3: 


--er 
• 


».". 
N• 
CO 


OO~C 
8b 
tmT~_O Id: 
d.1 
0030 
87 
position: 
dsl 
0034 
88 
d.s_pos. 
d.1 
0038 
89 
pos_.rr 
dsl 
003C 
90 
delt.JI: 
d.1 
0040 
91 
tim.: 
d.1 
0044 
92 
de. 
tim.: 
dol 
0048 
93 
ti",._.rr: 
dol 
94 
9:1 
.E.JECT 
9b 
004C 
97 
last_timeo._lrrr 
d••• 
004E 
98 
~ 
t.st_pos_Ifrr: 
ds•• 
00:;0 
99 
pos_ d.lta. 
ds •• 
OO:;~ 
100 
tune_delt.: 
ds •• 
00:;4 
101 
l.st_pos. 
ds •• 
005b 
102 
lastl 
time-: 
ds •• 
00:;8 
103 
1.st2_time. 
ds•• 
OO:lA 
104 
boost: 
ds•• 
OO:;C 
10:1 
tmp I: 
ds•• 
005E 
lOb 
out_p t r , 
ds•• 
OObO 
107 
offset: 
ds•• 
00b2 
108 
, 
na:t_po5: 
d••• 
00b4 
109 
rpwT': 
do•• 
OObb 
110 
old -t2: 
do ••• 
U1 
I 


III 
cO 
00b8 
11~ 
direct: 
dsb 
I 
, 
l=foT'",.rd. 
O=reversl 
I\) 
00b9 
113 
p""n_dt r : 
dsb 
OObA 
114 
hsi 
00: 
dob 
00b8 
11' 
I.ut-stat. 
dsb 
OObC 
lib 
pW"'Jwr: 
dsb 
OObO 
117 
I 
iost 
ba k: 
d.b 
OObE 
liB 
TR_COL: 
OSB 
I 
, 
COLLECT 
TRACE 
IF TR_COl_~OO 
OObF 
119 
. 
m.in_dl~: 
dsb 
120 
0070 
I~I 
m•• Jwr: 
ds ••• 
0072 
1~2 
mu -bTk: 
ds ••• 
0074 
123 
•••• 
hold: 
ds••• 
007b 
124 
v.1 _pnt: 
d••• 
0078 
12:; 
bTkJlnt: 
ds•• 
007A 
I~b 
pos_pnt: 
d••• 
007C 
1~7 
H500_d I~: 
ds •• 
007E 
I~B 
•••t!_dl~ : 
ds", 
0080 
129 
•••t2_dl~: 
ds••• 
0082 
130 
••In_h.i: 
d•••• 
0084 
131 
••In_hoil: 
ds•• 
008b 
132 
m••-hs iI: 
ds•• 
133 
134 
0100 
13:; 
d•• g .t 
100H 


0100 
0102 
0104 


136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 


mode_view: 
c aunt_out: 
err _view: 


$eJect 


PIN. 


22 
23 
24 
25 
26 
37 
38 
39 
40 
45 


(SRg 
at 
dcw 
dew 
dew 
dew 
dcw 
dew 
dcw 
dcw 


tltod_done_1nt 
hsi_O_int: 
seT-port_int: 
elternal 
int: 


cseg 
at 


in1t: 
Id 
'Idb 


clrb 
Id 
d.la~: 
de< 
dJnz 


ClOp 
Jgt 


dsb 
dsw 
d •••• 


PORT 
FLAG 
USAGE 


2000 
2000 
0022 
2002 
1020 


I 


2004 
0424 
Ul 
2006 
9022 
cO 
(,) 
2008 
1020 
200A 
2022 
200C 
1020 
200E 
1020 


2010 
2010 
2010 
2010 


2080 


2080 
AIFOOOl8 
2084 
B1FFI7 


2087 
1168 
2089 
AI70175C 
208D 
055C 
208F 
E068FD 
2092 
88005C 
2095 
D2F6 


2097 
BIFFOF 
209A 
BIFFIO 


PI 
0 
PI 
I 
PI 2 
PI 3 
PI. 4 
PI 5 
PI. 6 
PI.7 
P2.6 
P2. 7 


mode;'"'! 1 
or 
0 
I 
I 
enter/leave.. 


modeO 
0 
model 
1 
o 
0 
50ft~ar. timer 
2 
routine 
Main 
program 
toggle 
HSI 
oYerflow 
toggle 
software 
timer 
0 
routine 
enter/leave 
hsi_int 
enter/leave 
software 
timer 
1 routine 
enter/leave 
Input 
direction 
(O=1"eve1"5 •• 
l=forward> 
direction 
O=1"ev. 
l=fwd 


2000H 
timer _Dvf _int 
atod_done_int 
hSi_d.t._lnt 
hso_e.ec_int 
hsi_O_lnt 
soft_tmr _lnt 
seT_part_1nt 
external_int 


2080H 


sp ••OFOH 
pw••_eontrol ••OFFH 


direct 
tmp 1. .6000 
tmpl 
direct,. 
tmpl"ero 
d.I.~ 


; 
willit 
about 
3 
seconds 
for 
motor 
to 
come 
to 
a 
stop 


i 
••••It 0.512 
milliseconds 


Idb 
Idb 
portl ••OFFH 
port2 ••0ffH 
270061-99 
I 


_.er 


•• 


~ 
'1J. 
N,.. 
Cl) 


209D 
812516 
IB6 
Idb 
IB7 
IBB 
20AO 
71FCOF 
IB9 
andb 
20A3 
819903 
190 
Idb 
20A6 
01571:; 
I'll 
Idb 
192 
193 
194 
•• 
Jt!'ct 
195 
20A'1 A00400 
19b 
Id 
20AC 
0140 
197 
clr 
20AE 
0142 
19B 
clr 
2080 
012B 
199 
clr 
2082 
012A 
200 
clr 
2004 
0130 
201 
clr 
200b 
0132 
202 
clr 
208B 
0154 
203 
clr 
200A 
0134 
204 
clr 
200C 
013b 
205 
clr 
200E 
0144 
206 
clr 
20CO 
014b 
207 
clr 


20C2 
AOOA5b 
208 
Id 
20C5 
49000B5b5B 
209 
sub 


<.TI 
I 


20CA 
11bO 
210 
clrb 
cO 
20CC 
1109 
211 
clrb 
~ 
20CE 
AIFOO15E 
212 
Id 
2002 
A13COOB2 
213 
Id 
200b 
AIIEOOB4 
214 
Id 
200A 
Alb900Bb 
215 
Id 
200E 
AlbE007C 
21b 
Id 
20E2 
AIFA007E 
217 
Id 
20Eb 
AIFAOOBO 
21B 
Id 
20EA 
AIFF0070 
219 
Id 
20EE 
AIFF0072 
220 
I'd 
20F2 
AIBOO074 
221 
Id 
20Fb 
A1000476 
222 
Id 
20FA 
Alb4007A 
223 
Id 
20FE 
A110007b 
224 
Id 
2102 
A10029b2 
225 
Id 
2106 
OOOObC 
22b 
Idb 
2109 
010169 
227 
Idb 
22B 
210C 
012006 
229 
Idb 
210F 
01300b 
230 
Idb 


2112 
447COA04 
;!31 
••dd 
211b 
FO 
232 
nap 
2117 
FO 
233 
NOP 
211B 
81390b 
234 
Idb 


2118 
447EOA04 
235 
••dd 


IOCI ••00I001018 
Dls ••bl. 
HSO. 4. HSO. 5. HSI._INT=flrst. 


Enable 
PWM. TXO. TIMER1_0VRFLOW_INT 


Portl •• l1111100B 
HSI_~ode 
•• 1001100IB 
10CO ••010101118 


clear 
PI.O, 1 
(set 
mode 
0) 


seot 
hsi. 
1.3 
-~ 
hSl 
0.2 
+ 
Enable 
all 
hsi 
T2 
CLOCK-T2CLK. 
T2RST=T2RST 
Clear 
timer2 


zero. 
n s r 
time 
t line 
tlme+2 
tImer 
_2 
tlmer_2+2 
position 
position+2 
last_.pos 
des_pos 
des_po5+2 
des_time 
des_time.2 
lastl_time.Ttmerl 
last2_tim •• I••st1_time ••600H 
iosl_bak 
int_pending 
out_ptr •• 1FOH 
min_hsi"min_hsi_t 
mln_hsll 
••min_hsll_t 
ma._hsit,.max_hs11_t 
HSOO_dl~ 
••HSOO_dl~_perlod 
swtl_dl~ •• swt1_dl~-period 
swt2_dl~ •• (swt2_dl~-period) 
m.x-pwr,.max-power 
max_brk,lmax_brake 
max_hold.lmaximum_hDld 
brk-pnt ••brake-pnt 
posJnt"position-pnt 
vel-pnt ••velocit~-pnt 
nlt_pos,lpos_table 
p"'IIIIJ",r. 
zero 
pwm_dir ••Olh 
i 
FORWARD 


int_m.sk ••OOI01101B 
hso_command 
•• 30H 
hso_time. 
timer1.HSOO_dl~ 


Enable 
tmr_ovf. 
hsi. 
5wt. 
HSO. int.rrupts 
.et 
HSO_O 


hso_command,M39H 
; s.t 
swt 
1 
hso_tim •• timerl, swtl_dly 


270061-AO 


_.er 
~ 


~ 
"U. 
N~ 
CD 


211F 
FO 


.2120 FO 
2121 
B13A06 


;!1;!444800A04 


~128 AOOA40 
2120 
AOOC2C 


212E 
FB 


212F 
E7CE06 


2200 


2200 
2200 
F2 


;!201 901660 
01 
I 


2204 
356005 
cO 
2207 
0742 
01 
2209 
710F60 
220C 
220C F3 
;!200 FO 


2220 


2220 
2220 
F2 
2221 
901660 
2224 
2224 
306003 
2227 
71FE60 


222A 
222A 
316006 
2220 
71F060 


236 
237 
;!38 
239 
240 
241 
242 
243 
244 
245 
246 
247 


nop 
nap 
Idb 
add 


Id 
1d 
01 


br 


S~Ject 


... 
" 
"."., 
.. ,."." 
.. , 
,."." 
.. ,""', 
, 
, 
,' . 
TIMER 
INTERRUPT 
ShNVICL 


248 
~49 
250 
;!51 
252 


hso_command 
.• 3AH 
set 
swt_2 
hso_time. t r me r i . ~wt2 _dly 


time. TIMER 
1 
tmr2_o1 
u , t imer2 


main_prog 


,., 
•••• 
,;., 
••• 
; ••• 
, •• 
, •• 
, •• 
, ••• 
, ••• 
" 
••••• 
, ••••••• 
;.;. 
r' 
•••••••• 
, ••• 
,.··· 
•••• 


253 
254 
255 
2:";6 
257 
2:";8 
2:";9 
260 
261 
262 
263 
264 
26:) 
266 
267 
268 
269 
270 
271 
272 
273 
274 
27:) 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 


tlmer_ovf_int 
pushf 


CSEG 
AT 
2200H 


orb 
chk 
tl 
Jbc 
inc 
andb 
tmr _int_done 
popf 
rot 


io.l_bak.IOSI 
tosl_bale.~, tmr 
i nt 
done 
tlmet2 
losl_b.aIe•• l1011111B 
. clear 
bit 
5 


; End 
of 
timer 
interrupt 
routine 


;, 
•• 
j 


, i; 
j;;;; 
i;; 
ii; 
i;; 
i j;; 
j j; 
j, 
i;; 
i;; 
i j i; 
j;;, 
;i;;;;;; 
j i i. 
j j;; 
j i j j; 
i; 
i i j; 
j 
j i' 
i; 


;; 
i i 
j 
j 
j i i 
SOFTWARE 
TIMER 
INTERRUPT 
SERVICE 
ROUTINE 


;;; 
i i 
j 
ii 
iiiii; 
iil 
if;; 
ii;;i 
ii; 
j;; 
i i;;;; 
i;i; 
I'; 
ii;; 
i ii;;;;; 
ii; 
j 
j j;;.; 
j.; 
i;; 


CSEG 
AT 
2220H 


soft_tmr_int 
pu.hf 
orb 
chk_swtO: 


Jbc 
andb 
call 
chk_swt1: 


Jbc 
.ndb 


iosl_b. 
k. 1051 


iosl_bak,O,chle_swtl 
iosl_b.k 
•• llllllI0B 
swtO_expir.d 


; Clear 
bit 
0 
- 
end 
swtO 


270061-A1 


io.l_bak. 
1. chk_.wt2 
iosl_bak 
•• l111110IB 
; 
Ct ee r- bit 
1 
I 


_.l 
• 


~."II\),.. 
0) 


2230 
EFC003 
2233 
2233 
326006 
2231> 71FB60 
223'1 EF4401 
223C 
223C 
346003 
223F 
71F760 


2242 
2242 
F3 
2243 
FO 


286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 


call 
chk_s ••t2: 


Jbc 
andb 
call 
chk_s ••t3: 


Jbc 
andb 
call 


swt_int_done: 


popf 
ret 


."Ject 


swtl_ 
•• pir •.d 


losl_bak.2.chk_s.,t3 
iosl_bak •• IIIIIOllB 
i 
Clear 
bit 
2 
5wt2_elpired 


los1_bak.4, 
s~t_tnt_don. 


lo.l_bak •• 1I1101l1B 
i 
Clear 
bit 
3 
swt3_e.pired 


i 
END 
OF 
SOFTWARE 
TIMER 
INTERRUPT 
ROUTINE 


; j;;;; 
..... 
.. 
. 
.. 
.. 
.. 
- 
.. 
. 
- 
.. 
. .. 


• 
"""" 
•••••••••• 
If 
•••••• 
, 
•• 
, 
•••• 
, 
" 
,,1, 
.•• 
01., 
•. 
If 
••• 
f 
•••• 
If" 
•••••••• 
, 
••• 
.. ,;,.".; 
; 
;;; 
I;; 
SOFTWARE 
TIMER 
ROUTINE 
,0 
NOW 
USING 
HSO.O 
TO 
TRIGGER 
••••• 
j;, 
j;. 


;;.;; 
j; 
j;;;; 
i;; 
ijj; 
ii; 
'0;;'; 
;,;. 
j ii,,;;;,,; 
i,; 
••• 
;.;; 
j 
••• 
;. 
I;;; 
•••••• 
, 
•••• 
;.; 
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2280 


2280 
01 
I 
cO 
2280 
F2 
Ol 
2281 
BI3006 
2284 
447COA04 


2288 
91200F 
228B 
AOOC28 
228E 
390FI8 


2291 
2291 
4866285( 
2295 
8902005( 
2299 
094C 
229B 
229B 
300F49 
229E 
71FCOF 
22AI 
BI5515 
22A4 
BOO06B 
22A7 
203E 


22A9 
22A9 
482C283C 
22AO 
A0282C 


22BO 
306808 


CSEG 
AT 
2280H 


; Check 
mod •. ·- 
Update 
position 
in 
mode 
2 
h50_e •• c_int. 


PUSHF 
Idb 
add 


orb 
Id 
Jbs 


in_ ••odel: 


sub 
Clip 
Jh 
•• t_IIIod.O: 


Jbc 
andb 
Idb 
Idb 
br 


in_mod.2: 


sub 
Id 


HSO_COMMANO 
••301i 
HSO_TIME.TIMERI.HSOO_dl~ 


portl ••OOIOOOOOS 
Ti••••. 
_2.TIMER2 
PorU. 
I. in_••od.2 


.et 
Pl. 5 


tmpl.Timer_2.old_t2 
tmp 1•• 2 
.nd_s.,tO 


; 
Ch •.ck 
count 
diff.rence 
in 
tmpl 


Portl.O ••nd_s.,tO 
Portl •• IIIIIIOOB 
IOCO ••Ol0l0101B 
l.st_st.t, 
zero 
.nd_sMltO 


if alr.ad~ 
in ••ode 
0 
Clear 
PI. O. 
Pl,l 
(set 
mode 
0) 
.nab I. 
a 11. HSI 


d.lta-p. 
tim.r_2. tmr2_o1d 
tm •.2_old. ti•••r_2 


; 
gRt 
timer2 
count 
differene. 


Jbc 
dir.ct.O. 
in_r.v 


_.l 
• 


~l' 
Nt 


22B3 
643C30 
22B6 
A40032 
22B9 
2006 


22BB 
683C30 
22BE 
A80032 


22CI 
22CI 
486628~C 
22C~ 
890~00~C 
22C9 
021C 


22CB 
22CB 
71FOOF 
22CE 
91010F 
2201 
BIO:;I:; 
2204 
A00400 
2207 
48840A56 


220B 
2200 
A00400 
220E 
717FbD 


01 
I 


22EI 
'101660 
cO 
22E4 
3F60F4 
...., 
22E7 
22E7 
A02866 
22EA 
710FOF 
22EO 
F3 
22EE 
FO 


2380 


2380 
2380 
F2 
2381 
BI3A06 
2384 
44800A04 


2388 
91040F 
238B 
89FF075E 
238F 
0104 
2391 
AIFOOI~E 


336 
337 
338 
339 
340 
341 
342 
343 
344 
34~ 
346 
347 
348 
349 
350 
351 
3:;2 
353 
354 
355 
3:;6 
3:;7 
3:;8 
359 
360 
361 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 
378 
379 
380 
381 
382 
383 
384 
38~ 


in_fOld: .dd 
addc 
br 


in_rev: 
sub 
subc 


chk_mad,,: 
sub 
cmp 
Jgt 


set_model: 
andb 
orb 
Idb 
Id 
sub 


$E,JECT 


C1T_hsl 
Id 
andb 
orb 
Jbs 


end_swtO: 


Id 
andb 
POPF 
ret 


position. 
d"lta_p 
position+2".ro 
chk_mad" 


pos1tion,deltaJ 
position+2, 
zero 


tmpl.Tim"r_2.ald_t2 
tmpl •• ~ 
end_s ••tO 


Check 
count 
difference 
in 
tmpl 
s.t 
mod.l 
if 
count 
is 
too 
low 


; count 
<= ~ 


Portl •• IIIIIIOIB 
Clear 
PI. I. 
set 
PI 
0 
(set 
mode 
I) 
Portl ••OOOOOOOIB 
IOCO ••OOOOOIOIB 
enabl. 
HSI 
0 
and 
1 
zero. 
HSI_TIME 
lastl_time,Timerl.min_hsil 
; set 
up 
50 
<time-last2_time»min 
hsil 
on 
nelt 
HSI 


ZERO. 
HSI_TIME 
iosl_bak .• OIIIIIIIO 
iost_bak. 
iosl 
i051_b~k.7.clr_h5i 


; 
clear 
bit 
7 


If hsi 
is 
triggered 
then 
clear 
hsi 
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old_t2. TIMER_2 
partl •• IIOIIIIIB 
• clear 
P1. 5 


it;;;; 


i; 
ii;; 
i;; 
i ;i;; 
ii; 
i;; 
I;;;;;; 
i; ii;;;;;; 
if;; 
i ji 
;i;; 
,,;; 
i,l;;; 
ii;;;;; 
i;;; 
if;;;;; 
j;; 
i;;; 
i;; 
i 
SOFTWARE 
TIMER 
ROUTINE 
2 
i i ;i;;; 
i;; 
ii;; 
ii; 
ji;;i;; 
i;j;;; 
;;;,;; 
.ii 
i; i; 
j ;i;;; 
j ij 
ii; 
ii;;;;;; 
j';;;;;;;;;;;; 


CSEG 
AT 
2380H 


hso_co.m.nd,.3AH 
; S&t 
swt_2 
hsa_tim •• tim.rl.s ••t2_dly 


partl ••OO000100B 
; set 
port 
1.2 
autJtr 
••7ffH 
pulsing 
autJtr 
•• lfOH 


~ . __ 
.1 


s••t2_".pired: 
pushf 
Idb 
add 


orb 
cmp 
bnh 
Id 


.. 


_.l 
~ 


)0 
"D, 
N 
'"c» 


<.n 
«» 
(J) 


2400 
240020CE 
2402 
2OC7 


2404 
F2 
240:1 91400F 
2408 
717F6D 
2408 
90166D 
240E 
376DFI 


2411 
2411 
AOOC28 
2414 
:11:I:IObbA 
2418 
A00440 


2418 
38OFE2 


241E 
241E 
386A08 


386 
387 
388 
38'9 
390 
391 
392 
393 
394 
39:1 
396 
397 
398 
3" 
400 
401 
402 
403 
404 
40:1 
406 
407 
408 
409 
410 
411 
412 
413 
414 
41:1 
416 
417 
418 
419 
420 
421 
422 
423 
424 
42:1 
426 
427 
428 
429 
430 
431 
432 
433 
434 
43:1 


,uhln,: 


., 
.t 


J'C 
tr_col.0.aw'2_don. 


,olltlon+2. 
[out_,tr]+ 
,0dUon. 
[autJltrl+ 


at 
direct. [autJltrl+ 
at 
,w.Jlwr.[autJl'rl+ 


.wt2_don.: 


.ub 
c., 
Jnh 


.dd 
.wt2_ret: 


.ndb 
po,' 
ret 


SE..JECT 


pa.itian 
hl,h. 
pa.ition 
low 


, .tor. 
8 
bvt.1 
•• t.rn.llv 


t.pl. U •• rt.l •• tI_tl ••• 
t.,I •• 1800H 
•••til_r.t 
; 
••• p 
(T1•• rl-l.lt1_tl 
•••1<2000H 


1•• tl_ti •••• IOOOH 


partl •• IIIIIOIIB 
; 
cl •• r portl.2 


; 'i;; 
;i;;; 
if;;;;;;; 
;i; 
,i; 
;;;;i;;;; 
i;; 
i;;;;; 
0;;;;. 
oi; 
i;;;,;;; 
•• ;; i •••• 
;;; 
•• ;;.;.;;; 


• j.;.;;;; 
j; 
•• 
HSI 
DATA 
AVAILABLE 
INTERRUPT 
ROUTINE 


ii; 
i .ii 
,if;;; 
;0; 
i; 
jif 
i if;;i; 
i; ;;i,;; 
i;;;, 
ij 
j I.i;; 
j;;;;;;;;;;;, 
i,;;;. 
O;;;;.;f 
j 


This 
routine 
ke.ps 
trAck 
of 
the 
current 
ti ••• 
nd 
po.ition 
of 
the 
Motor. 


The 
upper 
word 
of 
infor •• tion 
is 
provid.d 
bV 
the 
ti •• r ov.rflo~ 
routine. 


CSEG 
AT 
2400H 
naw_.ad._I: 
br 
na_intl: 
br 


h.i_d.t._int: 


orb 
.nd.· 
or. 
J'c 


,e'_v.lues: 


Id 
.nd' 
Id 


J" 


In_.ode_O: 


J'a 


in_.od. 
I 
na_int 


pUlh' 
partl •.olOOOOOOB 
ia.I_ ••••• OIIIIIIIB 
1011_ •••• io.1 
la.I_ •••• 7.na_intl 


uled 
to 
SAve 
••• cution 
tIme 
for 
; 
worst 
c ••• 
loop 


•• t PI. 6 


, CI ••r 
iOII_b ••. 7 


, 
If h.i 
il not 
tri".r.d 
th.n 
JU.p 
to 
na_int 


ti.er _2. TU£R2 
h.l_.0.HSI_STATUS 
••010101011 
ti.e. 
HSI_TJI'IE. 


,0rtl.0.naw_.ad._1 


hd_aO. 
O ••_ril. 


, 
JU., 
if 
in 
.041. 
I 
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239:1 
2395 
30bEOC 


2398 
C2:IF32 
2398 
C2:IF30 


239E 
C2:IFbS 
231\1 C2:1F6C 


23A4 
23A4 
48560A5C 
23A8 
890018:IC 
23AC 
Dl04 


23AE 
6:10010:16 
23B2 
il3Bil71FBOF 
23B5 
F3 
2386 
FO 


_. 
€: 
• 


~l' 
N:; 


_. 


2421 
3A6A2C 
436 
Jbo 
hot -.0.2.~_f~11 
I 
I cC 
2424 
3C6A40 
437 
Jbs 
h.t-sO. 4. b_T i se 
2427 
3E6A5A 
438 
Jbs 
hit 
sO.6.b -fall 
• 
242A 
2094 
439 
br 
no_cnt 
440 
242C 
A05658 
441 
a_T t se: 
Id 
last2_tlft"p.lastl 
-timlt 
242F 
A04056 
442 
Id 
last! 
time. 
time 
2432 
685840 
443 
sub 
time. 
last2_time 
2435 
888240 
444 
cmp 
time.min_hgj 
2438 
0906 
44' 
Jh 
tst-statr 
446 
i51!t model- 
243A 
91010F 
447 
orb 
Portl ••000000018 
Set 
PI 
0 
(in 
mode 
I) 
2430 
BI0515 
448 
Idb 
10CO ••00000IOIII 
; 
En~bh 
HSI 
o and 
I 
2440 
449 
tst_st~tr: 


2440 
3E61l51l 
450 
Jbs 
litst_stat.6. going_fwd 
2443 
3C6B67 
451 
Jbs 
last_stat. 
4. going_rev 
2446 
3A61l50 
452 
Jbs 
last_stat.2.change_dir 
2449 
980068 
453 
cmpb 
I~st 
stat. 
r e r o 
244C 
OF46 
454 
Je 
first_time 
; 
first 
time- 
in 
mod eO 
244E 
2782 
455 
br 
no-intl 
456 
2450 
A05658 
457 
a_fall. 
Id 
la~t2_timlf' 
last! 
time 
2453 
A04056 
458 
Id 
last! 
tIme. 
time 
2456 
685840 
459 
sub 
time.last2_time 
~ 
01 
I 


2459 
888240 
460 
cmp 
time. 
min_hsi 
'tI 
cO 
245C 
0906 
461 
Jh 
tst_statf 
II\) 
CO 
462 
. set 
model- 
• 
245E 
91010F 
463 
orb 
Portl ••OOOOOOOIIl 
Set 
PI 
0 
(In 
mode 
I) 
QI 


2461 
1110515 
464 
Idb 
10CO ••00000IOIIl 
Enable 
HSI 
0 
and 
I 
465 
.EJECT 
2464 
466 
tst -statf 
2464 
3C6037 
467 
Jbs 
last 
_stat. 
4. going_ 
fwd 
2467 
3E61l43 
468 
Jbs 
last 
_5tat.b. 
gOing_rev 
246A 
3861l2C 
469 
Jbs 
last _stat. 
O. change 
__dlT 
2460 
980061l 
470 
cmpb 
last 
_stat. 
r e r c 
2470 
DF22 
471 
Je 
first 
time 
; 
ftrst 
time 
in 
modeO 
2472 
2057 
472 
br 
no-tnt 
473 
2474 
386827 
474 
b_rlsliP. 
Jbs 
last _5t.t,O,goln9_ 
fwd 
2477 
3A6833 
475 
Jbs 
last_stat.2,going_rev 
247A 
3E61llC 
476 
Jb s 
last_stat,b,change_dlT 
2470 
980068 
477 
cmpb 
last 
stat.zero 
2480 
DFI2 
478 
Je 
flrst 
tlme 
first 
time 
in 
modeO 
2482 
2047 
479 
br 
no-lnt 
480 
2484 
3A6817 
481 
b-fall: 
Jbs 
la5t_stat,2. 
going_fwd 
2487 
3861123 
482 
Jb5 
last _stat.O.going_rev 
248A 
3C61l0C 
483 
Jbs 
last_stat.4.change_dir 
2480 
980068 
484 
cmpb 
last_stat, 
zero 


2490 
OF02 
485 
Je 
first_tim. 
first 
time 
in 
modeO 
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~oo 


240C 
4858405C 
24EO 
88845C 


486 
487 
488 
489 
490 
491 
492 
493 
494 
49:S 
496 
497 
498 
499 
500 
:SOl 
:S02 
:S03 
:S04 
:SO:S 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
:,.6 
517 
:,.8 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
:S31 
532 
533 
534 
53:S 


br 


fh·.t_ti",.: 


stb 
br 


ch.nga_dir: 


notb 
no_jne: 
Jbc 


going_hId: 
orb 
Idb 
add 
addc 
br 
go1ng_rlOv: 
andb 
Idb 
sub 
subc 


st_stat: 


stb 
load_lasts: 


Id 
no_cnt: 
andb 
orb 
Jbc 
again: 
br 


no_1nt: 
andb 
popf 
ret 


.EJECT 


In_mod" 
1· 


andb 
In,, 
cmp_time: 


Id 
Id 


cmpl: 
sub 


ClOp 


no_1nt 


hsi_sO,last_stat 
don._chk 
add 
dlOlta position 


d 1r.c t 
direct,O,going_rav 


PORT2 ••01000000B 
direct ••Ol 
position 
.• Ol 
p,osttion+2.lero 
st_stat 


PORT2 •• 10111111B 
d1rlOct•• 00 
position ••Ol 
posttion+2.lero 


hsi_sO. 
last_stat 


tmr2_o1d. 
timar_2 
iosl_bak ••Ol111111B 
tost_bak, 
iosl 
iosl_bak,7,no_int 
get_values 


portl •• l0l11111B 


'IOt P2. 6 
direction 
~ 
forward 


char 
P2.6 
direction 
= 
revers. 


; clr 
bit 
7 


end 
of 
h5i_dat. 
interrupt 
routine 
Routine 
for 
mode 
1 
follows 
and 
then 
returns 
to 
"load 
lasts" 


; 
Clear 
Pt. 6 


; 
mode 
1 HSI 
routine 


tmpl.hsi_sO 
••Ol0l00000 
no_cot 


last2_t1me.lastl_tlme 
lastl_time. 
time 


tmpl,time.last2_time 
tmp 1, "'in_hsi 
1 


Procedure 
which 
sets 
mode 
1 also 
sets 
times 
to 
pass 
the 
tests 
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2492 
2037 


2494 
2494 
C4bB6A 
2497 ~072 


2499 
2499 
1268 
2498 
30680F 


249E 
249E 
914010 
24Al 
Bl0168 
24A4 
65010030 
24A8 
A40032 
24AB 
2000 
24AO 
24AO 
71BF10 
2480 
010068 
24B3 
69010030 
24B7 
A80032 


24BA 
240A 
C4606A 
2400 
2400 
A0282C 
24CO 
717F60 
24C3 
90166D 
24C6 
376D02 
24C9 
2746 


24CB 
71BFOF 
24CE 
F3 
24CF 
FO 


2400 


2400 
51506A5C 
2404 
07EA 
2406 


2406 
A05658 
2409 
A04056 


_.er 
• 


l> 
'U 
I 
I\) 
ollo 
CO 


24E3 
0914 


24E' 
24E:! 91020F 
24E8 
BIOOI:! 
24ED 
A00400 


24EE 
717F6D 


24FI 
90166D 
24F4 
3F6DF4 


24F7 
2012 


24F9 
24F9 
48'840'C 
24FD 
B8865C 


2500 
0109 


2502 
2502 
71FCOF 


250:1 DI5515 
2508 
DOO06B 


250B 
2'OB 
482C283C 
'i: 
I 


2'OF 
306808 


2512 
s 
2512 
643C30 
251:1 A40032 
2518 
27A3 
251A 
251A 
683C30 
251D 
A80032 


2520 
279B 


2600 


2600 


2600 
F2 
2601 
91800F 


2604 
DIOD08 


2607 
BI3906 


260A 
447EOA04 


536 
'37 
538 
:139 
540 
541 
542 
543 
544 
545 
'46 
547 
'48 
549 
5:50 
551 
5:52 
553 
554 
555 
556 
557 
558' 
559 
560 
561 
562 
563 
564 
56:5 
566 
567 
568 
569 
570 
571 
572 
573 
574 
575 
576 
577 
578 
579 
580 
581 
582 
583 
584 
585 


s••t_,"ode_2: 


orb 
Idb 
••t_h si: 
Id 
andb 
orb 
Jbs 
br 


ch ••c k_mal_t tl": 


sub 
ClOp 


Jh 
ch"ck_ ••al_ttm •• 


Portl ••OOOOOOIOB 
IOCO ••OOOOOOOOB 
lero.h.i_tim~ 
tosl_bak ••OIIIIIIIB 
tosl_bak. tool 
iosl_b.k,7,mt_hsi 
done_chk 


Jnh 
done_chk 


tmp., 
tim •• last2_ti"'. 
tmpl. mal_hot I 


set_made_O: 


andb 
Idb 
Idb 


done_ch k: 


sub 
Jbc 


add_fwd: 


.dd 
.ddc 
br 
add_rltv: 


sub 
subc 
br 


.eJet t 


SlOt PI 
I (in mod •• 2) 


Disabl" 
all 
HSI 
.mpt~ 
th •• hsi 
fifo 


; 
c lltaT 
bit 
7 


, 
If 
hst 
is 
triggered 
thenrclear 
hit 


max_hlt 
= addition 
to 
min_hsi 
for 
total 
tiille 


Port! •• 11111100B 
; clear 
PI. O. I 
set 
mode 
00 
IOCO ••OIOIOIOIB 
; Enable 
all 
HSI 
1.st_stat, 
zero 


delt.J. 
timer _2, tmr2_o1d 
; 
get 
timer2 
countt 
difference 


dir.ct,O.add_rev 


po.ttion,delt._p 
p051 tion+;!, 
zero 
load_lasts 


position.delta-p 
position+2. 
zero 
load_l.sts 


,.;;. 
; 


i 
I 
•• 
; 
•• 
; 
•••• 
;".';;.; 
i.;;;, 
•• 
;;. 
t;"';;"';;' 
i i;;., 
••• 
; j,.,;;;; 
•••••• 
, •• 
j; 
j; 


, .. ,... ,.; 
; 
SOFTWARE 
TIMER 
ROUTINE 
I 


•• ;,.;.,.,;; 
•• ;;j. 
j.;.,;. 
j.,.;; 
i,; 
•• ; ••• 
,;;;.;;;,;;;;; 
j ••• 
j; 
••• 
I'.' 
•.•..• 
;,; 
j 


CSEG 
AT 
2600H 


swtl_"lpirttd: 


puShf 
orb 


Idb 


Idb 
H50_COMMAND 
••3~H 
.dd 
HSO_TIME.TIMERl.swtl_dl~ 


int_Mask ••OOOOllOID 


portl •• IOOOOOOOB 
set 
port!. 7 


.nable 
HSI. 
Tovf. 
HSO 


270061-A7 


11 


_.l 
• 


~ 
'tJ.N 
.,.. 


CO 


Cf~o 
I\) 


2650 
2650 
887A38 


2653 
DIIE 
2655 
887838 


586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 
601 
602 
603 
604 
605 
606 
607 
608 
609 
610 
611 
612 
613 
614 
615 
616 
617 
618 
619 
620 
621 
622 
623 
624 
625 
626 
627 
628 
629 
630 
631 
632 
633 


Id 
Id 
sub 
subc 
sub 
subc 


El 


sub 
Id 


sub 
Id 


;;;; 
; 


j; 
j; 
j 


i ij; 
j 
;, i j i 
;;;; 
; 


j j 
j j; 


chk_dir: 


cmp 
Jg. 


go_backward: 


n.g 
Idb 


ClOp 
In•• 
br 


go_for 
..•ard: 


Idb 
cmp 
J@ 
.EJECT 


Id_mal: 
Idb 
br 


Chk_brk- 


cmp 
Jnh 
cmp 


time_err+2,des_time+2 
Calculate 
time 
~ 
position 
error 


p05_erT+2,des-pos+2 
time_err,de5_time. 
time 
j 
values 
are 
set 


time_err+2. 
time+2 


pos_err,d.,_pos.posttion 
pos_err+2,positlon+2 


ti.e_delta. 
lalt_time_err, 
time_err 


last_time_err.ti.e_err 


pos_delta, 
last_pas_err. 
pas_err 
last-pos_err.pos_err 


TiMe_err 
- 
Desired 
time 
to 
finish 
- 
current 
ti •• 
PDs_err 
= 
Desired 
position 
to 
finish 
- 
current 
posItion 
Pos_delta 
a 
Last 
position 
error 
- 
Curent 
posItion 
error 
Time_delta. 
Last 
time 
error 
- 
Current 
time 
error 
note 
that 
errors 
should 
get 
smaller 
so 
deltas 
will 
be 
positive 
far 
forward 
motion 
(time 
is 
.lwa~5 
forward) 


pas_.rr+2, 
lero 
go_forward 


pas_err 
Pas_err 
3 
ADS 
VAL 
(pas_err) 


p•••• 
_d1r ••00h 
pos_err+2 
••0ffffH 
Id_ ••••• 
chk_brk 


p•••• 
_d1r ••01H 
pos_&rr+2. 
lero 


chk_brk 


pwm_pwr.maJ_pwr 
chk_sanitlJ 


PosItion_Error 
now 
= 
ADS(po5_err) 


pos_err. posJnt 
holdJosit1on 
pos_err. brkJlnt 


position_.rror<position_control_polnt 


260E 
A0464A 


2611 
A0363A 


2614 
48404448 


2618 
A8424A 


2610 
48303438 
261F 
A8323A 


2622 
FB 


2623 
48484C52 
2627 
A0484C 


262A 
48384E50 


262E 
A0384E 


2631 
2631 
88003A 
2634 
060D 


2636 
2636 
0338 
2638 
010069 
263B 
89FFFF3A 


263F 
D70A 
2641 2000 


2643 
2643 
810169 


2646 
e8003A 
2649 
DF05 


2640 
00706C 


264E 
2051 


270061-A8 


--er 
• 


;a.." 


IN• 
C» 


~o 
c.> 


26"3 
26"3 
806C64 
2M6 
1264 
26"8 
38690" 


634 
63' 
636 
637 
638 
639 
640 
641 
642 
643 
644 
64' 
646 
647 
648 
649 
6'0 
6'1 
652 
653 
654 
655 
656 
657 
658 
659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 
671 
672 
673 
674 
675 
676 
677 
678 
679 
680 
681 
682 
683 


Jh 


bNlk in,: 


CliP 
J.e 
ne. 
chk_'elt.: 


c ••p 
Jnh 


br.ke: 
Idb 
Idb 
notb 
10 


br 


Hold_position: 


coop 
Jh 
clr 
clr 
BR 


c.lc_out: 


OIulub 
IItulu 
coop 
Jne 
.dd 
.dd 
br 
no_bst: 
clr 
ell_",a.: 
cmp 
Jnh 
•••••d: 
Id 
outp ut: 
Idb 


chk_s.nit~ 
: 


br 
;; 
i • 
•E.JECT 


Id.Jwr, 


Idb 
notb 
Jb, 


Id_•••• 


po,_delt •• uro 
chk_delt. 
pos_delt. 


pos_delt •• vel_pnt 
hold.Josl 
tion 


pW"'Jwr 
.•• 
I_brll: 
t ••p. d Iru t 
t ••p 
pwm_d ir. t., 


Id_poor 


p05_e"" .• 02 
c.lc_out 
t ••p+2 
boost 
output 


t••p•••••_hold ••255 
t••p.pos_err 
pos_del 
t., '.1'0 
no_bIt 
boost.'04 
t••p+2.boost 
clI_"' •• 
boost 
t",p+2,,..al_hold 
output 
t••'+2 •••••_hold 
pwm_pwr. 
t.,+2 


IdJlwr 


rpwr. 
pwllt_pwr 
"pwr 
PW",_tU r . O. p2fwd 


positlO"_error>brake_point 


velocit¥ 
= 
pos_delta/sample_tlme 
JIIP If 
"8S(velocit¥) 
~ vel_pnt 


If 
br.lI:ing 
.ppl~ 
power 
In 
opposIte 
direction 
of 
current 
motion 


position 
hold 
mode 


if 
position 
error 
< 2 
then 
turn 
off 
po~.r 


; 
Tlltp = 
p05_err 
* 
",ai_hold 


Boost 
is 
integral 
control 
TMP+2 
= 
MSB(pos._err*m •• _hold) 
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2658 
1l9FI 


265" 
265A 
880050 
2650 
11602 
265F 
0350 
2661 
2661 
887650 
2664 
DIOO 


2e66 
80726C 
2669 
806824 
266C 
1224 
2e6E 
002469 


2671 
2030 


2613 
2673 
89020038 
2677 
0906 
2679 
0126 
2670 
015A 
2670 
20lF 


267F 
267F 
50FF7424 
2683 
6C3824 
2686 
880050 
2689 
0709 
268B 
6504005" 
268F 
645A26 
2692 
2002 
2694 
OI'A 
2696 
887426 
2699 
0103 
2690'A07426 
269E 
B0266C 


26AI 
26AI 
2000 


l 
• 


:.."•N~ 
CD 


26AB 
FA 
26AC 
717FI0 
26AF 
806417 
26B2 
FB 
2603 
2008 
260~ 
FA 
26B6 
918010 
26B9 
806417 
260C 
FB 


26BO 
2bBO 
88004A 
26CO 
D22~ 


26C2 
89202962 
26C6 
DE06 
26C8 
AI002962 
26CC 
0142 
26CE 


26CE 
A26334 
2601 
A26336 
2604 
A26346 
~ 
I 


2607 
A26370 
260A 
A07072 
0 
2600 
646034 
.j>. 


26EO 
A40036 
26E3 
4830344E 


26E7 
717FOF 


26EA 
F3 
26EB 
FO 


2800 


2800 
2800 
901660 
2803 
3106009 
2806 
71BF60 
2809 
9~100F 
280C 
EFF~FB 


684 
68:5 
686 
687 
688 
689 
690 
691 
692 
693 
694 
69:5 
696 
697 
698 
699 
700 
701 
702 
703 
704 
70:5 
706 
707 
708 
709 
710 
711 
712 
713 
714 
71:5 
716 
717 
718 
719 
720 
721 
722 
723 
724 
725 
726 
727 
728 
729 
730 
731 
732 
733 


p2bkwd: 
01 
Andb 
Idb 
El 
br 
p2fwd: 
01 
orb 
Idb 
El 


pWT •• 
t: 


,;; 


ClOp 
JUt 
br 


port2 ••0111111IB 
pWM_control,rpwr 
; cl~ar 
P2.7 


COIP 
Jlt 
Id 
clr 
get_vOlts: 


Id 
Id 
Id 
Id 
Id 
'Add 
Addc 
sub 


end JI : 
And b 


popf 
r~t 


.EJECT 


pwrset 


port2 •• IOOOOOOOB 
pWM_control,rpwr 
; set 
P2. 7 


time_err+2,lero 
; do 
pos_t.bl. 
when 
err 
i5 
negativ~ 
.ndJl 
.ndJl 


nlt_pos •• (32+p05_t.bl.' 
get_vat. 
; 
Jump 
if 
lower 
nltJlos •• po._t.bl. 
tim.+2 


d •• Jos, 
[nxtJos]+ 
d •• .....PQs+2,[nlt..,..Pos)+ 
d.s_tim.+2. 
[nltJos]+ 
m.l.....Pwr.[nlt.....PDs]+ 
••• 
_brk. "•• Jlll1' 
d.sJlos.o'f 
•• t 
desJD5+2. z.ro 
1.st-P0s_.rr,d 
•• .....Pos, position 


portl ••OlllllllB 
; 
clear 
Pt. 7 


,;; 
,j;,t;;;;;;;;;;; 
ii, 
i,;;,;;; 
i, 
;i;;; 
j.,.;;,;;;;; 
i; 
i.;;;; 
i;.;; 
j; 
j;;;; 
i;,,; 
j 
;.;; 
maIn 
program 
;i;;,.,;.;;'; 
i;.;;;;; 
j; 
....... 
_ 
. 


"f.f 
'" 
"", 
•• 
,""" 
; I; 
;;';;;;';i.i,;;; 
i; 
;;;;;;;;;, 
j i; 
,i; 
i i;; 
i;;; 
,;;;;; 
i; 
i; 
i ii; 
i;;';; 
ii; 
i i;;;;; 
i; 
i; 


CSEG 
.t 
2800H 


MAIN_PROQ: 
orb 
Jbc 
andb 
lorb 
c.ll 


iosl_bak, 
i051 
iosl_bak,6,control 
losl_b.k •• IOIIIIIIB 
Portl ••OOOIOOOOB 
HSI_OATA_INT 


cle.r 
los1_b.k.6 
Co.pl 
Bit 
PI. 4 
prevent 
lockup 
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_. 
€: 


8 


» 
"D. 
N~ 
CD 


_. 
::l 
280F 
734 
control: 


1 I;': 
280F 
912D08 
73:1 
orb 
int_mask ••OOIOIIOIB 
, 
enable 
hsi, 
hso. 
swt, 
tovf 
interrupts 
2812 
FD 
736 
nop 
2813 
FD 
737 
nop 
2814 
FD 
738 
nop 
2815 
E06FFD 
739 
dJnz 
",ain_dly •• 
2818 
FD 
740 
nop 
2819 
9:1080F 
741 
xorb 
portl ••OOOOIOOOB 
, 
eo"'pU•••nt 
pi. 3 
281C 
27E2 
742 
BR 
I'IAINJ'ROQ 
743 
744 
2900 
74:1 
C5EQ 
AT 
2900H 
746 
2900 
747 
pos_table: 


748 
2900 
00000000 
749 
del 
OOOOOOOOH 
, 
position 
0 
2904 
20008000 
750 
de•• 
002OH. 
OOBOH 
, n.xt 
time. 
po •••• 
r 
2908 
OOCOOOOO 
7:11 
del 
OOOOcOOOH 
, position 
1 
290C 
40004000 
7:12 
de•• 
0040H. 
0040H 
, 
next 
tim •. 
po-".1" 
2910 
00000000 
7:13 
del 
OOOOOOOOH 
, 
position 
2 
2914 
6000COOO 
7:14 
de•• 
0060H. 
OOeOH 
, n.xt 
tim •. 
pObler 
2918 
0080FFFF 
7:1:1 
del 
OFFFFBOOOH 
, post tlon 
3 
291C 
80008000 
7:16 
de•• 
0080H. 
0080H 
, next 
time. 
power 
757 
l> 
"!' I 


2920 
00080000 
7:18 
del 
000OO800H 
, 
pod 
tlon 
4 
"U 
~ 
2924 
:18008000 
759 
de•• 
00:l8H. 0080H 
, 
nelt 
time, 
pOlller 
• 
0 
N 
01 
2928 
00300000 
760 
del 
00003000H 
, 
position 
:I 
• 
292C 
7000FFOO 
761 
de•• 
0070H. 
OOffH 
, nelt 
time. 
pOlller 
Q) 


2930 
00000000 
762 
del 
OOOOOOOOH 
, 
position 
6 
2934 
9000FOOO 
763 
de•• 
0090H. 
OOfOH 
nut 
ti•••••power 
2938 
00000000 
764 
del 
OOOOOOOOH 
position 
7 
293C 
9100FOOO 
765 
de•• 
0091H. 
OOfOH 
next 
time. 
power 
766 
767 
2940 
768 
END 


ASSEMBLY 
COMPLETED. 
NO 
ERROR(S) 
FOUND. 
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Intel's 8096 is a 16-bit microcontroller with processing 
power sufficient to perform many tasks which were pre- 
viously done by microprocessors or special building 
block computers. A new field of applications is opened 
by having this much power available on a single chip 
controller. 


The 8096 can be used to increase the performance of 
existing designs based on 8051s or similar 8-bit control- 
lers. 
In addition, it can be used for Digital Signal 
Processing (DSP) applications, as well as matrix ma- 
nipulations and other processing oriented tasks. One of 
the tasks that can be performed is the calculation of a 
Fast Fourier Transform (FFT). The algorithm used is 
similar to that in many DSP and matrix manipulation 
applications, so while it is directly applicable to a spe- 
cific set of applications, it is indirectly applicable to 
many more. 


FFTs are most often used in determining what frequen- 
cies are present in an analog signal. By providing a tool 
to identify specific waveforms by their frequency com- 
ponents, FFTs can be used to compare signals to one 
another or to set patterns. This type of procedure is 
used in speech detection and engine knock sensors. 
FFTs also have uses in vision systems where they iden- 
tify objects by comparing their outlines, and in radar 
units to detect the dopier shift created by moving ob- 
jects. 


This application note discusses how FFTs can be calcu- 
lated using Intel's MCSII!)-96microcontrollers. 
A re- 
view of fourier analysis is presented, along with the spe- 
cific code required for a 64 point real FFT. Throughout 
this application note, it is assumed that the reader has a 
working knowledge of the 8096. For those without this 
background the following two publications will be help- 
ful: 


1986 Microcontroller Handbook 
Using the 8096, AP-248 


These books are listed in the bibliography, along with 
other good sources of information 
on the MCS-96 
product family and on Fast Fourier Transforms. 


2.0 
PROGRAM 
OVERVIEW 


This application note contains program modules which 
are combined to create a program which performs an 
FFT on an analog signal sampled by the on-board 
ADC (Analog to Digital Converter) of the 8097. The 
results of the FFT are then provided over the serial 


channel to a printer or terminal which displays the re- 
sults. In the applications listed in the previous section, 
the data from this FFT program would be used directly 
by another program instead of being plotted. However, 
the plotted results are used here to provide an example 
of what the FFT does. There are four program modules 
discussed in this application note: 
FFTRUN - Runs a 64 point FFT on its data buffer. It 
produces 32 14-bit complex output values 
and 32 14-bit output magnitudes. A fast 
square root routine and log conversion rou- 
tine are included. 


A2DCON - Fills one of two buffers with analog values 
at a set sample rate. The sample time can 
be 
as 
fast 
as 
50 
microseconds 
using 
8x9xBH components. 
PLOTSP - Plots the contents of a buffer to a serially 
connected 
printer. 
Routines are provided 
for console out and hexadecimal to decimal 
conversion and printing. 


FTMAIN - The main module which controls the other 
modules. 


Each of the modules will be described separately. In 
order to better understand how the programs work to- 
gether, a brief tutorial on FFTs will be presented first, 
followed by descriptions of the programs in the order 
listed above. 


The final program uses 64 real data points, taken from 
• 
either a table or analog input 1. Each of the data points 
is a 16-bit signed number. The processing takes 12.5 
milliseconds when internal RAM is used as the data 
space. If external RAM is used, 14 milliseconds are 
required. Larger FFTs can be performed by slightly 
modifying the programs. A 256-point FFT would take 
approximately 65 milliseconds, and a 1024-point ver- 
sion would require about 300 milliseconds. 


In the program presented, the analog sampling time is 
set for 1 sample every 100 microseconds, providing the 
64 samples in 6.4 milliseconds. The sampling time can 
be reduced to around 60 microseconds per point by 
changing a variable, and less than 50 microseconds by 
using the 8x9xBH series of parts, since they have a 22 
microsecond A to D conversion time. 


The programs are set up to be run in a sequence instead 
of concurrently. 
This provides the fastest operation 
if the sampling speed were reduced to the minimum 
possible. For the fastest operation above about 80 mi- 
croseconds a sample, the programs could be run con- 
currently, but this would require some minor modifica- 
tions of the program. Figure 1 shows the timing of the 
program as presented. 


5-109 


intel· 
AP-275 


OUTPUT 
SAMPLE 
6.4ms 
PROCESS 
12-14ms 


(3 ms 
MINIMUM) 
270189-1 


SAMPLE 
6.4ms 


Figure 1. Timing of the FFT Program 


These programs have run in the Intel Microcontroller 
Operation Application's Lab and produced the results 
presented in this application note. Since the programs 
have not undergone any further 
testing, we cannot 
guarantee them to be bug proof. We, therefore, recom- 
mend that they be thoroughly tested before being used 
for other than demonstration purposes. 


3.0 
FOURIER 
TRANSFORMS 


A Fourier Transform is a useful analytical tool that is 
frequently ignored due to its mathematically oriented 
derivations. This is unfortunate, 
since Fourier trans- 
forms can be used without fully understanding 
the 
mathematics 
behind them. Of course, if one under- 
stands the theory behind these transforms, they become 
much more powerful. 


The majority of this application note deals with how a 
Fast Fourier Transform (FFT) can be used for spec- 
trum analysis. This procedure takes an input signal and 
separates it into its frequency components. One can al- 
most treat the FFT as a black box, which has as its 
output, the frequency components and magnitudes of 
the input signal, much like a spectrum analyzer. 


From a mathematical standpoint, Fourier Transforms 
change information in the time domain into the fre- 
quency domain. The theory behind the Fourier trans- 
form stems from Fourier analysis, also called frequency 
analysis. 


There are many books on the topic of Fourier analysis, 
several of which are listed in the bibliography. In this 
application note, only the pertinent formulas and uses 
will be presented, not their derivations. 


The main idea in Fourier analysis is that a function can 
be expressed as a summation of sinusoidal functions of 
different frequencies, phase angles, and magnitudes. 
This idea is represented by the Fourier Integral: 


H(f) =J:00 h(t) e -j27Tft dt 
(1) 


Where: H(t) is a function of frequency 
h(t) is a function of time 


Since 


e-j8 
= COS 0 - 
j SINO 
(2) 


H(f) =J:00 h(t) (cos (27Tft) - 
j sin (27Tft)) dt 
(3) 


Figure 2 shows a rectangular 
pulse and its Fourier 


transform. Note that the results in the frequency do- 
main are continuous rather than discrete. The horizon- 
tal axis in Figure 2a is frequency, while that of Figure 
2b is time. 


In a simplified case, the varying phase angles can be 
removed, and the integral changed to a summation, 
known as a Fourier Series. All periodic functions can 
be described in this way. This series, as shown below, 
can help provide a more graphical understanding 
of 


Fourier analysis. 


00 


(t) = ao + ~ 
[an cos (27Tnfot) + 


y 
2 
~ 
bn sin (27Tnfot)l 


n = 1 
for n = 1 to 
00 


(4) 


1 


Where fo = -, 
the fundamental 
frequency. 


To 
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sin (271' Tof) 
H(f) = 
271'Tof 


270189-2 
a. 


Figure 2. Rectangular Pulse and Its Fourler Transform 


+TO 
270189-3 
b. 


This formula can also be represented in complex form 
as: 
aoI 
an ej21rnfol 


n=-oo 
The Fourier series for a square wave is 


00 


~ 
sin «2k + 1) 271'fot) 
(6) 


~ 
(2k + 1) 
K';'O 
If these sinusoids are summed, a square wave will be 
formed. Figure 3 shows the graphical summation of the 
first 3 terms of the series. Since the higher frequencies 
contribute to the squareness of the waveform at the 
corners, it is reasonable to compare only the flatness of 
the top of the waveform. The sharpness or risetime of 
the waveform can be determined by the highest fre- 


(5) 


quency term being summed. With rise and fall times of 
10% ofthe period, the waveform generated by the first 
3 terms is within 20% of ideal. At7 
terms it is within 
10%, and at 20 terms it is within 5%. With a 5% 
risetime, it is within 20% of ideal after 5 terms, 10% 
after 13 terms and 5% after 32 terms. Figure 4 shows 
the resultant waveforms after the summation of 7, 15 
and 30 terms. 


Fourier analysis can be used on equation 4 to find the 
coefficients an and bn. To make this process easier to 
use with a computer, a discrete form, rather than a 
continuous one, must be used. The discrete Fourier 
transform, shown in Equation 7, is a good approxima- 
tion to the continuous version. The closeness of the ap- 
proximation depends on several conditions which will 
be discussed later. The input to this transform is a set of 
N equally spaced samples of a waveform taken over a 
period of NT. The period NT is frequently referred to 
as the "Sampling Window". 
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Figure 3. Graphical Summation of Slnewaves 
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Figure 4. Square Wave from Slnusolds 
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N-1 


H (~T) 
= L h(kT)e-j27Tnk/N 


k=O 
n = 0,1, ... ,N-1 


Where: H(t) is a function of frequency 
h(t) is a function of time 
T is the time span between samples 
N is the number of samples in the window 


n =0,1,2 ... N-l 


This transform is used for many applications, including 
Fourier Harmonic Analysis. This procedure uses the 
transform to calculate the coefficients used in Equation 
5. In order to do this, the factor TINT 
must be added 


to the transform as follows: 


N-1 


H (~) 
=~ 
"h(kT)e-j27Tnk/N 
NT 
(NT)~ 
k=O 


n =0, 1,2,3,... , N-1 
(8) 


The factor provides compensation for the number of 
samples taken. Note that the functions H(t) and h(t) are 
complex variables, so the simplicity of the equation can 
be misleading. Once the values of h(t) are known, (ie. 


the value of the input at the discrete times (t», the 
Fourier Transform can be used to find the magnitude 
and phase shift of the signal at the frequencies (t). 


(7) 
A spectrum analyzer can provide similar information 
on an analog input signal by using analog filters to sep- 
arate 
the frequency 
components. 
Regardless 
of its 
source, the information on component frequencies of a 
signal can be used to detect specific frequencies present 
in a signal or to compare one signal to another. Many 
lab experiments and product 
development tests can 
make use of this type of information. Using these meth- 
ods, the purity of signals can be measured, specific har- 
monics can be detected in mechanical equipment, and 
noise bursts can be classified. All of this information 
can be obtained while still treating the FFT process as a 
black box. 
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Consider the discrete transform of a square wave as 
shown in Figure 5. Note that the component magni- 
tildes, as shown in the series of Equation 6, are shown 
in a mirrored form in the transform. This will happen 
whenever only real data is used as the FFT input, if 
both real and imaginary data were used the output 
would not be guaranteed to be symmetrical. For this 
reason, there is duplicate information in the transform 
for many applications. Later in this section a method to 
make the most of this characteristic is discussed. 
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Figure 5. Discrete 
Transform 
of a Square Wave 
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If one looks at Equation 8, it can be seen that the calcu- 
lation 
of a discrete 
Fourier 
transform 
requires 
N 
squared complex multiplications. If N is large, the cal- 
culation time can easily become unrealistic for real-time 
applications. For example, if a complex multiplication 
takes 40 microseconds, at N = 
16, 10 milliseconds 
would be used for calculation, while at N = 128, over 
half a second would be needed. A Fast Fourier Trans- 
form is an algorithm which uses less multiplications, 
and is therefore faster. To calculate the actual time sav- 
ings, it is first necessary to understand 
how a FFT 
works. 


4.0 THE FFT ALGORITHM 


The FFT algorithm makes use of the periodic nature of 
waveforms and some matrix algebra tricks to reduce 
the number of calculations needed for a transform. A 
more complete discussion of this is in Appendix A, 
however, the areas that need to be understood to follow 
the algorithm 
are presented here. This information 
need not be read if the reader's intent is to use the 
program and not to understand the mathematical pro- 
cess of the algorithm 


To simplify notation 
the following substitutions 
are 
made in Equation 8. 


W = e-j21TIN 


k = kT 


n 
n=- 
NT 


The resultant equation being 
N-1 


x(n) =I n(k)Wnk 


k=O 
Expressed as a matrix operation 


[ ~1~l 
]=[~~ 
E. .. ~~] 


X(N-1) 
Wo W(N:'1) 
W2(N-1) ... 
W(N'-1)2 
[ 


Xo(O)] 
Xo(1) 
Xo(2) 


Xo(N~1) 


A brief review of matrix properties can be found in 
Appendix A. Because of the periodic nature of W the 
following is true: 


wnk MOD N = Wnk 


= COS (2rr nk/N) 
- j SIN (2rrnk/N) 


WO = 1 therefore, 
if nk MOD N = 0 , Wnk = 1 


This reduces the calculations as several of the W terms 
go to 1 and the highest power of W is N. All of W 
values are complex, so most of the operations will have 
to be complex operations. We will continue to use only 
the W, X(n) and XO(k)symbols to represent these com- 
plex quantities. 


The FFT algorithm we will use requires that N be an 
integral power of 2. Other FFT algorithms do not have 
this restriction, but they are more complex to under- 
stand and develop. Additionally, for the relatively small 
values of N we are using this restriction should not 
provide much of a problem. We will define EXPO- 
NENT as log base 2 of N. Therefore, 


N = 2EXPONENT 


The magic of the FFT, (as detailed in Appendix A), 
involves factoring the matrix into EXPONENT 
matri- 
ces, each of which has all zeros except for a 1 and a 
Wnk term in each row. When these matrices are multi- 
plied together the result is the same as that of the multi- 
plication indicated in Equation 9, except that the rows 
are interchanged and there are fewer non-trivial multi- 
plications. To reorder the rows, and thus make the in- 
formation useful, it is necessary to perform a procedure 
called "Bit Reversal". 


This process requires that N first be converted to a 
binary number. The least significant bit (lsb) is swapped 
with the most significant bit (msb). Then the next lsb is 
swapped with the next msb, and so on until all bits have 
been swapped once. For N = 8, 3 bits are used, and the 
values for N and their bit reversals are shown below: 


(9) 


Number 
Binary 
Bit 
Decimal BR 
Reversal 


0 
000 
000 
0 
1 
001 
100 
4 
2 
010 
010 
2 
3 
011 
110 
6 
4 
100 
001 
1 
5 
101 
101 
5 
6 
110 
011 
3 
7 
111 
111 
7 


(10) 


Recall that the FFT of real data provides a mirrored 
image output, but the FFT algorithm can accept inputs 
with both real and imaginary components. Since the 
inputs for harmonic analysis provided by a single A to 
D are real, the FFT algorithm is doing a lot of calcula- 
tions with one input term equal to zero. This is obvious- 
ly not very efficient. More information for a given size 
transform can be obtained by using a few more tricks. 
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It is possible 
to perform 
the FFf 
of two real functions 
at the same time by using the imaginary 
input values to 


the FFf 
for the second 
real function. 
There 
is then 
a 
post 
processing 
performed 
on the 
FFf 
results 
which 


separate 
the FFfs 
of the two functions. 
Using a similar 
procedure 
one 
can 
perform 
a transform 
on 
2N 
real 
samples 
using an N complex 
sample 
transform. 


The procedure 
involves 
alternating 
the real sample 
val- 


ues between 
the real and imaginary 
inputs 
to the FFf. 


If, as in our example, 
the input 
to the FFf 
is a 2 by 32 


array 
containing 
the complex 
values 
for 32 inputs, 
the 


64 real samples 
would 
be loaded 
into it as follows: 


N 
00 01 02 03 04 05 06 07 ..... 30 31 


REAL 
00 02 04 06 08 10 12 14 ..... 60 62 


IMAGINARY 
01 03 05 07 09 11 13 15 ..... 61 63 


This procedure 
is referred 
to as a pre-weave. 
In order 
to 
derive 
the desired 
results, 
the FFf 
is run, 
and then 
a 
post-weave 
operation 
is performed. 
The formula 
for the 
post-weave 
is shown 
below: 


[R(n) 
R(N-n)] 
1I'n[I(N) 
I(N - n)] 
. 
X,(n)= -2- + -2- 
+ cosN ""2+ -2- 
- 


Sin~ 
[R(n) _ R(N- n)] 
n = 0 1 
.. 
N 
2 
2 
" 
.,N-1 


X(n) = [I(n) _ I(N - n)]_ 
sin1I'n[I(n) + I(N - n)]_ 


I 
2 
2 
N 
2 
2 


1I'n[R(n) 
R(N- n)] 
cosN 2---2- 
n=0,1, ... ,N-1 


-.Where 
R(n) 
is the real FFfoutput 
value 


I(n) is the imaginary 
FFf 
output 
value 


Xr(n) 
is the real post-weave 
output 


Xi(n) is the imaginary 
post-weave 
output 


Note 
that 
the output 
is now one-sided 
instead 
of mir- 


rored 
around 
the center 
frequency 
as it is in Figure 
5. 


The magnitude 
of the signal at each frequency 
is calcu- 


lated 
by 
taking 
the 
square 
root 
of the 
sum 
of the 
squares. 
The magnitude 
can now be plotted 
against 
fre- 


quency, 
where 
the frequency 
steps are defined 
as: 


n 
NT 
n = 0, 1, 2, 3, ... , N-1 


Where 
N is the number 
of complex 
samples 
(ie. 32 in 
this case) T is the time between 
samples 


A value of zero on the frequency 
scale corresponds 
to 
the DC component 
of the waveform. 
Most signal analy- 
sis is done using Decibels 
(dB), the conversion 
is dB = 


10 LOG (Magnitude 
squared). 
Decibels 
are not used as 
an absolute 
measure, 
instead 
signals 
are compared 
by 
the difference 
in decibels. 
If the ratio between 
two sig- 
nals is 1:2 then there 
will be a 3 dB difference 
in their 
power. 


5.0 
USING THE FFT 


(11) 


There 
are 
several 
things 
to be aware 
of when 
using 


FFfs, 
but 
with 
the 
proper 
cautions, 
the 
FFf 
output 
can be used just 
like that 
of a spectrum 
analyzer. 
The 
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Side Bins Removed for Clarity). 
Lobes of Side Bins Removed for Clarity). 


Figure 6. Bin Windows 
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first precaution is that the FFf is a discrete approxima- 
tion to a continuous Fourier Transform, so the output 
will seldom fit the theoretical values exactly, but it will 
be very close. 


confuse the sampling 
window NT with bin windows or 
with the windowing function. 


Another area of caution is the relationship of the sam- 
pling window to the frequency of the waveform. For 
the best accuracy, the window should cover an exact 
multiple of the period of the waveform being analyzed. 
If it covers less than one period, the results will be 
invalid. Other variations from ideal will not produce 
invalid results, just additional noise in the output. 


Since the programs in this application note generate a 
one-sided transform with N =32, the frequency granu- 
larity is fairly course. Each of the frequency compo- 
nents output from the FFf 
is actually the sum of all 
energy within a narrow band centered on that frequen- 
cy. This band of sensitivity is referred to as a "bin". 
The reported magnitude is the actual magnitude multi- 
plied by the value of the bin window at the actual fre- 
quency. Figure 6 shows several bin windows. Note that 
these windows overlap, so that a frequency midway be- 
tween the two center frequencies will be reported as 
energy split between both windows. Be careful not to 


If the sampling window does not cover an exact multi- 
ple of all of the frequency components of a waveform, 
the FFf 
results will be noisy. The reason for this is the 
sharp edge that the FFf 
sees when the edges of the 
window cut off the input waveform. Figure 7 shows a 
waveform that is an exact multiple of the window and 


SAIoIPLE 
WAVEFORIoI THAT FIT 
OUTPUT 
REFLECTS 
270189-10 


Figure 7. Waveform 
Is a Multiple of the Window 


SAIoIPLE 
WAVEFORIoI 
THAT FIT 
OUTPUT 
REFLECTS 
270189-11 


Figure 8. Waveform 
Is Not a Multiple of the Window 
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the periodic waveform that the FFf 
output reflects. In 
Figure 8, the waveform is not a multiple of the window 
and the waveform that the FFf 
output reflects has dis- 


continuities. 
These discontinuities 
contribute 
to the 
noise in an FFf 
output. This noise is called "spectral 
leakage", or simply "leakage", since it is leakage be- 
tween one frequency spectrum and another which is 
caused by digitization of an analog process. 


the sampling window, there can be no discontinuities. 
Figure 9 shows a Hanning window and its effect on the 
input to an FFf. 
The Hanning window was named af- 
ter its creator, Julius Von Hann, and is one of the most 
commonly used windows. More information on win- 
dowing and the types of windows can be found in the 
paper by Harris listed in the bibliography. As expected, 
the results of the FFf are changed because of the input 
windowing, but it is in a very predictable way. 


To reduce this leakage, a process called windowing is 
used. In this procedure the input data is multiplied by 
specific values before being used in the FFf. 
The term 
"windowing" is used because these values act as a win- 
dow through which the input data passes. If the input 
window goes smoothly to zero at both endpoints of 


Using the Harming window results in bin windows 
which are wider and lower in magnitude than normal, 
as can be seen by comparing Figure 6 with Figure 10. 
For an input frequency which is equal to the center 
frequency of a bin window, the attenuation will be 6 dB 
on the center frequency. Since the bin windows are 
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(b). Signal After Hanning Window 


Figure 9. Effect of Hanning Window on FFT Input 
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(a.) Relative Power of Hannlng Window 
(b.) 10 Log Power of Hanning Window (Side 
Lobes of Side Bin Window Removed) 


Figure 10. Bin Windows after Using Hanning Input Window 
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Matrix L 
Matrix L + 
wider than normal, the input frequency will also have 
energy which falls into the bins on either side of center. 
These side bins will show a reading of 6 dB below the 
center window. The disadvantage of this spreading is 
far less than the advantage of removing leakage from 
the FFf 
output. 


A set of FFf 
output plots are included in the Appen- 
dix. These plots show the effect of windowing on vari- 
ous signals. There are examples of all of the cases de- 
scribed above. A brief discussion of the plots is also 
presented. 


Applications which can make use of this frequency 
magnitude information include a wide range of signal 
processing and, detection tasks. Many of these tasks use 
digital filtering and signature analysis to match signals 
to a standard. This technique has been applied to anti- 
knock sensors for automobile engines, object identifica- 
tion for vision systems, cardiac arrhythmia 
detectors, 
noise separation and many other applications. The abil- 
ity to do this on a single-chip computer opens a door to 
new products which would have not been possible or 
cost effective previously. 


The next four sections of this application note cover the 
operation of the programs on a line by line basis, Sec- 
tion 6 shows an implementation of the FFf 
algorithm 
in BASIC. This code is used as a template to write the 
ASM96 code in Section 7. Sections 8, 9, and IQ cover 
the code sections which support the FFf module. After 
all of the code sections are discussed, an overview of 
how to use the program is presented in Section 11. 


6.0 BASIC PROGRAM FOR FFTS 


The algorithm for this FFf is shown in the flowchart in 
Figure 11 and the BASIC program in Listing 1. There 
are four sections to this program: initialization, pre- 
weaving, transform calculation, and post-weaving. The 
flowchart is generalized, however, the BASIC program 
has been optimized for assembly language conversion 
with 64 real samples. 


On the flowchart, the initialization and pre-weaving 
sections are incorporated as "Read in Data". The data 
to be read includes the raw data as well as the size of 
the array and the scaling factor. The details for pre- 
weaving have been discussed earlier, and initialization 
varies from computer to computer. 
LOOP COUNT 
keeps track of which of the factored matrices are being 
multiplied. SHIFf 
is the shift count which is used to 
determine the power of W (as defined earlier) which 
will be used in the loop, 


For each loop N calculations are performed in sets of 
two. Each calculation set is referred to as a butterfly 
and has the following form: 


X(k):=Z 
+ ~ 
X(k) 
"Wpl 


"Wp2 
X(k+N2) 
+ ~ 
X(k+N2) 
270189-15 


Also Shown as: 


X(k)~ 
Wpl 


Wp2 
X(k+N2) 
270189-16 


OR 


X1 (k) = Xo (k + N2)"Wp1 
+ Xo(k) 


X1 (k + N2) = Xo(k)"Wp2 
+ Xo(k + N2) 


In general, the W factors are not the same. However, 
for the case of this FFf 
algorithm, Wpl will always 
equal (- Wp2). This is because of the way in which "p" 
is calculated, and the fact that W(x) is a sinusoidal 
function. 


The inner loop in the flowchart is performed N2 times. 
For LOOP = I, N2=N/2 
and if INCNT=N2 
then 
k = N2 and k + N2 == N, so the first loop is done and 
parameters LOOP, N2, and SHIFf 
are updated. For 
the first loop, all N/2 sets of calculations are performed 
contiguously. As LOOP increases, the number of con- 
tiguous 
calculations 
are 
cut 
in 
half, 
until 
LOOP = EXPONENT. 


When LOOP = EXPONENT, 
N2= I, the butterfly is 
then performed on adjacent variables. Figure 12 shows 
the butterfly 
arrangement 
for a calculation 
where 
N=8, 
so that EXPONENT = 3. 


The BASIC program follows this flowchart, but opera- 
tions have been grouped to make it easier to convert it 
to assembly language. Also not shown in the flowchart 
are several divide by 2 operations. There are five in the 
main section, one per loop. These provide the T/NT 
factor in equation 8 for N = 32 (25= 32). There is also 
an extra divide by two in the post-weave section. It is 
required to prevent overflows when performing the 16- 
bit signed arithmetic in the ASM96 program. As a re- 
sult of these operations, the input scale factor is ± I = 
± 32767 and the output scaling is ± 1 = 
± 16384. 


Note, the maximum input values are ±O.99997. 
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INNER 
lOOP 


YES 


TMP= Wp• X(k + N2) 
X(k + N2) = X(k) - TMP 
X(k) = X(k) + TMP 


NO 


lOOP = lOOP + 1 


N2=N2/2 
~--------------~ 
SHIFT = SHIFT + 1 


Figure 11. Flowchart 
of Basic Program 
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100' 
THIS IS FFT13, FEBHUARY 4, 1986 
105 ' 
110 
U5 
120 ' 
125' 
THIS PROGRAM PBRFORMS A FAST FOURIBR TRANSFORM ON 64 RBAL DATA POINTS 
130 ' USING A 2N-POINTS WITH AN N-POINT 
TRANSFORM ALGORITHM. 
THE FIRST 
135 ' SECTION OF THB PROGRAM PERFORMS A STANDARD TRANSFORM ON DATA THAT HAS 
140 ' BEEN INTIRLIAVID BITWIIN THE RIAL AND IMAGINARY 
INPUT VALUBS. 
THE 
145 ' RISULTS OF THAT TRANSFORM ARE THEN POST-PROCBSSED 
IN THI SBCOND SBCTION 
150 ' OF THI PROGRAM TO PROVIDB THE 32 OUTPUT BUCKBTS. 
THE OUTPUT 
VALUES ARE 
155 ' MULTIPLIED 
BY "M" TO MAKE IT BASY TO COMPARE WITH THB ASM-96 PROGRAM 
160 ' 
165 INPUT "NAME OF LIST FILB"; LSTS 
170 PRINT 
175 OPBN LSTS FOR OUTPUT AS #1 
180 ' 
200 
210 DIM XR(32),XI(32),WR(32),WI(32),BR(32) 
220 M=16383 
' M=MULT. 
FACTOR FOR SCALING 
230 N=32 : N1=31 
: N2=N/2 
' N=NUMBIR OF DATA POINTS 
240 LOOP=l 
: K=O : BXPONBNT=5 
: SHIFT=BXPONENT-1 
' 2**B=N 
250 PI=3.141592654# 
: TPN=2*PI/N 
: PIN=PI/N 
260 ' 
270 
280 rOR P=O TO 31 
290 WR(P)=COS(PN) 
300 NIXT P 
310 ' 
320 FOR 1=0 TO 31 
330 RIAD XR(It) 


.350 NIXT It 
360 ' 
400 
410 
420 
430 
440 
445 
' 
450 INCNT=INCNT+1 
460 P=BR(INT(K/(2~SHIrT») 
470 WRP=WR(P) 
: WIP=WI(P) 
: KN2=K+N2 
480 TMPR= 
(WRP*XR(KN2) - WIP*XI(KN2»/2 
490 TMPI= 
(WRP*XI(ItN2) + WIP*XR(KN2»/2 
500 TMPR1=XR(K)/2 
: TMPIl=XI(K)/2 
510 XR(K+N2) = TMPR1 - TMPR 
' TMPR, TMPI ARB THE RBAL AND IMAGINARY 
520 XI(It+N2) = TMPIl - TMPI 
' RESULTS OF A COMPLBX MULTIPLICATION 
530 XR(K) 
TMPR1 + TMPR 
540 XI(K) = TMPI1 + TMPI 
550 ' 
560 K=K+1 
570 IF INCNT(N2 THBN GOTO 450 
580 K=K+N2 
' SINCB THE ARRAY IS PROCBSSBD 
2 POINTS AT A TIMB, 
590 IF It(N1THBN GOTO 430 
'ONLY 
N/2 LOOPS NEED TO BE MADB. 
ON EACH PASS, 
600 LOOP=LOOP+1 
: N2=N2/2 
'THB 
VALUB OF N2 CHANGBS AND SMALLBR CONSBCUTIVB 
605 SHIFT=SHIFT-1 
' SBCTIONS 
ARB PROCBSSED .. 


610 GOTO 400 
620 ' 
690 ' 
691 ' 
692 ' 
693 ' 


, COPYRIGHT 
INTEL CORPORATION, 
1985 
, BY IRA HORDBN, MCO APPLICATIONS 


, SBT UP VARIABLBS FOR BASIC 


, READ IN CONSTANTS 
PN=P*TPN 
WI(P)=-SIN(PN) 
RBAD BR(P) 


, RBAD IN DATA 
RBAD XI(It) 


, INITIALIZATION 
OF LOOP 
K=O 
IF LOOP>BXPONBNT 
THIN 700 
INCNT=O 
, ACTUAL CALCULATIONS 
BBGIN HBRB 


, WRP AND WIP ARB CONSTANTS 
BASBD ON 


, SINBS AND COSINBS or BIT RBVERSBD 
, VALUBS OF K SHIFTBD RIGHT S TIMBS 


270189-17 


listing 1-BASIC FFTProgram 
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694 
• 
695 
• 
696 
• 
697 
• 


700 
710 
• 
720 
FOR K = 0 TO 31 
730 
KPIN=K*PIN 
740 
XRBRK=XR(BR(K» 
: XIBRK=XI(BR(K» 
• CONDBNSBD 
750 
XRBRNK=XR(BR(N-K» 
: XIBRNK=XI(BR(N-K» 
760 TI = (XIBRK+XIBRNK)/2 
770 
TR = (XRBRK-XRBRNK)/2 
780 
XRT= 
(XRBRK+XRBRNK)/4 
790 
XIT= 
(XIBRK-XIBRNK)/4 
800 OUTR= 
XRT + TI*COS(KPIN)/2 
- TR*SIN(KPIN)/2 
810 OUTI= 
XIT - TI*SIN(KPIN)/2 
- TR*COS(KPIN)/2 
820 
• 
830 MAGSQ 
= OUTR*OUTR+OUTI*OUTI 
840 MAG 
= SQR(MAGSQ) 
845 
IF MAGSQ*M 
< .5 THEN 
DECIBEL=O 
847 
DBFACT=M/2/32767*M 
• MA2 
/ 64K 
850 
DECIBEL=10*LOG(MAGSQ*DBFACT) 
860 
DECIBBL=DECIBEL 
* 
.434294481' 
900 
GOTO 930 
910 PRINT 
'1. 
USING 
"•••••• 
920 PRINT 
'1. 
USING 
., 
930 
• GOTO 
950 
942 PRINT 
'1. 
USING 
943 PRINT 
'1. 
USING 
945 PRINT 
'1. 
USING 
947 
PRINT 
'1. 
USING 
950 NEXT 
K 
960 
• 
970 
IF LST$<>"SCRN:· 
THEN 
PRINT 
'1. 
CHR$(12) 
999 
END 
1000 END 
1010 
1020 DATA 
1030 DATA 
1040 
1050 
DATA 
1060 DATA 
1070 DATA 
1080 
DATA 


• POST-PROCESSING 
AND 
REORDERING 
BEGIN 
HERE 


FOR 
EASE 
OF ASM 
PROGRAMMING 


• THE ASM-96 
PROGRAM 
USES 
A TABLE 
LOOK-UP 
• ROUTINE 
TO CALCULATE 
SQUARE 
ROOTS 
GOTO 
900 


": I, 
,.; HBX$(M*OUTR). 
HBX$(M*OUTI). 
HBX$(M*MAG) 


tt" 
tt; 
X; 
••••••••• 
•••••••• 
•••••••• 


.; OUTR.OUTI.MAG; 
"; DBCIBEL; 
"; M*OUTR. 
M*OUTI. 
M*MAG 


• DATA 
rOR BR(P) 
- BIT 
RBVERSAL 
0.16.8.24.4.20.12.28.2.18.10.26.6.22.14.30 
1.17.9.25.5.21.13.29.3.19.11.27.7.23.15.31 
• DATA 
FOR 
XR.XI 
2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2 
2.2.2.2.2.2.2.2.2.2.2.2.2.2.2.2 
-2.-2.-2.-2.-2.-2.-2.-2.-2.-2.-2.-2.-2.-2.-2.-2 
-2.-2.-2.-2.-2.-2.-2.-2.-2.-2.-2.-2.-2.-2.-2.-2 


Listing 1-BASIC 
FFT Program (Continued) 
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Lines 165-175 set up the file for printing the data, this 
can be SCRN:, LPTI:, or any other file. 


X(O) 
X(O)~ 
X(O)><: x(o) 
X(I)~_"""'7~X(I) 
X(I) - 
X(I) 


X(2) 
X(2) 
X(2) :><: X(2) 
X(3) 
X(3) 
X(3) - 
X(3) 


X(4) 
X(4)~ 
X(4)><: X(4) 
X(5) 
X(5) 
X(5) - 
X(5) 


X(6) 
X(6) 
X(6)><: X(6) 


X(7) 
X(7) 
X(7) - 
X(7) 


270189-19 


Figure 12. Butterflies 
with N =8 


Lines 200-310 set up the constants and calculate the 
WP terms which are stored in the matrices WR(p) and 
WI(p), for the real and imaginary component respec- 
tively. 


Lines 320-350 read in the data, alternately placing it 
into the real and imaginary arrays. The data is scaled 
by 2 to make the data table simpler. 


Lines 410-430 initialize the loop and test for comple- 
tion. 


Lines 450-620 perform the FFf 
algorithm. Note that 
all calculations are complex, with the suffixes "R" and 
"I" indicating real and imaginary components respec- 
tively. 


The variables on line 470, TMPRI 
and TMPIl 
would 
normally not be used in a BASIC program as more 
than one operation can be performed on each line. 
However, indirect table lookups always use a separate 
line of assembly code, so separate lines have been used 
here. 


Lines 700-810 perform the post-weave. This is not in 
the flowchart, but can be found in Equation 11. Once 
again, table look-ups are separated and additional vari- 
ables are used for clarity. The variables BR(x) are the 
bit reversal values of x. 


Line 830 calculates the magnitude of the harmonic 
components. 


Lines 900-950 print the results of the calculations, with 
line 900 determining if the print-out should be in hex or 
decimal. 


Lines 1000-1080 are the data for the bit reversal values 
and input datapoints. The input waveform is one cycle 
of a square-wave. 


7.0 ASM96 PROGRAM FOR FFTS 


The BASIC program just presented has been used as an 
outline for the ASM96 program shown in Listing 2. 
There 
are 
many 
advantages 
to 
using 
the 
BASIC program as a model, the main ones being de- 
bugging and testing. Since the BASIC program is so 
similar in program flow to the ASM96 program, it's 
possible to stop the ASM96 program at almost any 
point and verify that the results are correct. 
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~ 
I\)w 


r-is· 
coI 
C/I3: 
CD 
Cl) 
.." 
:!I 
'tIa 
co 
DJ3 
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SBRIBS-III 
1«:8-96 MACROASSBMBLIIR.V1.0 


SO\IIICBFILB: 
:1'2:1'"RUN.A96 
OII.JIICTFILB: 
: 1'2: FI'TRUN.OB.J 
cotmIOLS 
SPECIrIED 
IN INVOCATIONCOIIAIID: NOSB 


lIIIII LOC OB.JBCT 
LINK 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 


SOIl\lCBSTATIIMIINT 
$pegeleulth(50) 


n"T_RUN IIlDULB STACBSI2B(6) 


Intel 
Corporation. 
January 
24, 
1986 
by 
Ira 
HordeD. 
!«:O ApplicatioDa 


Tbi. 
JtOdule perfOrM 
a rut 
fourler 
trall.for. 
(rn) 
on 64 real 
data 
point. uin, 
a 2lf-point 
algoritha. 
The al,orit_ 
lovolvM 
Wlin, 
a ataDdard 
n"T procedure 
for 
32 real 
IIIId 32 t.aaiDary 
DUIIbe.... 
The real 
IIIId t.aaiDary 
. 


arraya 
are 
filled 
alternately 
with 
real 
data 
poiDta. 
and 
the 
output 
of 
the 
n"T ia 
roD through 
a poet-proceaaor. 
The result 
ia 
a ODe aided 
array 
with 
32 
output 
bucketa. 
The poet 
proceeai.,. 
iDCludaa 
a table 
lookup 
al,oritha 
for 
takiD, 
the 
aquare 
root 
of 
au UDaifDed 
32-bit 
D..t>er.· 


All 
of 
the 
calculatiODa 
iD the 
_iD 
rFT prO(re8 
are 
daDe ua~ 
16-bit 
aigned 
inte,era. 
The 8BXiIlta 
value 
of 
any frequency 
~t 
ia 
therefore 
+/- 
3211:. 
(Note 
thet 
a aquare 
wave of 
+/-321 
bee 
a f'UDcla.eDta1 
co.poJleDt 
greater 
Uum +/- 4OI). 
Wherever poeaible 
tab lea 
are used 
to 
increaae 
the 
apeed 
of _th 
operatioua. 
The ca.p1ete 
tnmafo.... 
iDcludi.,. 
obteiDiD, 
the 


abaolute 
-.pitude 
of each frequeocy 
ca.p<)neot. 
executes 
in 
12 
.illiaeconc:l8 
with 
internal 
varlabl_. 
14 _ 
with 
external. 


The prou_ 
requires 
two 32-word 
iDput 
arraya. 
with 
the 
a_le 
valuea 
alternated 
be_ 
the 
two. 
Theee 
atart 
at 
lIIIKALIIIId lIMAO. 
The reaultaut 
_ituda 
will 
be placed 
iD a 32-word 
array 
at 
n"T_0UT. 
Theee 
are 
all 
extemally 
dafiDed 
variables. 
The external 
coaataut 
SCALE_FACTORia 
used 
to 
divida 
the 
output 
_ 
averagi.,. 
will 
be used. 
atece 
the 
pro(re8 
averages 
it. 
output. 
it 
le 
DeCM8&ry to 
clear 
the 
array 
baaed. 
at 
'"_OUT 
before 
calli.,. 
rFT_CALC to 
atart 
the 
pro ••.••• 


The profl"_ 
was originally 
writteu 
in 
BASIC for 
testing 
purposes. 
The 
~t. 
include 
theee 
BASIC atate.enta 
to aake 
it 
euier 
to 
tollow 
the 
al,oritha. 


$BJBCT 
270189-33 


I 


_.c[ 


& 


» 
'1J 
II\) 
.....• 
en 


~ 
I\) 
.j>. 


r 
~S' 
ea 


~ 
a:: 
~ 
." 
~ 
'V 
Cl 
ea 
iil3 
~ 
::J 
<:!: 
::JC 
(!),e, 


!«:S-96 
MACROASSBMBLBR 


IRR LOC 
OBJ]!CT 


0000 


0024 
0024 
0028 
002C 
0030 
0034 
0038 
003C 
0040 
0044 
0048 
003C 
0040 
0040 
0044 


oo3C 
0031 
0040 
0042 
0044 


004C 
OO4B 
0050 
0052 
0054 
0056 
0058 
0041 
0000 


סס oo 
0040 


FIT_RUN 


LINB 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 


SOURCE STATBMBNT 


RSIG 
IXTRN 
port I, zero, 
error 


OSlO at 
248 
DIPR: 
cla1 
DlPI: 
cia1 
DlPRl: 
clal 
DlPIl: 
clal 
XJmIP: 
clal 
XIDIP: 
clal 
XRRJ[: 
cia1 
XRJINK: 
cia1 
XIRI[: 
clal 
XIRN![: 
clal 
dif~ 
equ 
aqrt 
equ 
log 
equ 
nxtloc 
equ 


WRP 
!lIP 
PIIR 
IN CNT 
NOIV2 


IPTR: 
KN2: 
N SUB K: 
Ri: 
- 
RNB: 
SIII'T CNT: 
LOOP-CNT: 
ptr 
- 
equ 
DSIG 


BXTRN 
rrr I«lDI 
IXTRN 
XRlAL. 
XIMAG 


IXTRN 
FIT_OUT 


OUTR: 
claw 
OUTI: 
claw 
PUBLIC OUTR.OUTI 


.IIJBCT 


equ 
equ 
equ 
equ 
equ 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
xrrk 
xrrnk 
xrrnk 
xirk 


02/18/86 
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TeIIpOrary 
regi.ter 
I 
Real 
T~rary 
re,iater 
I 
r.agiDllry 
Te.porary 
regi.terI, 
Real 
T_rary 
re,iaterl. 
z.atinary 
TEIIIPOrary data 
re,iater, 
Real 
Te.porary 
data re,iater, 
~inary 


10D, 
Table 
difference 
for -.quare 
root 
Ion, 
Square 
root 
long 
10 tog _itude'2 
long 
Next 
locatiOD 
in 
table 


32 
32 


xrrk 
xrrk+2 
xrrnk 
xrrnk+2 
xirk 


word 
word 
word 
word 
word 


Multiplication 
factor. 
Real 
Multiplication 
factor, 
.Iaacinary 


n divided 
by 
2 
(0 
< D < N) *2 


K for 
counter 
*2 to 
index 
worda 
IPTR + NOIV2 
11-1[ *2 
to 
index 
worda 
Bit 
revereed 
pointer 
of 
KPTR 
8it 
reversed 
pointer 
of 
N_StlB_K 


Pointer 
for 
.quare 
root 
table 


FIT I«lDI: 
IIOde ~or 
FFT iDput 
end 
fTaphi 
•• 
XRlAL. 
XIMA/]: aue 
addrea 
•••• 
for 
32 
16-bit 
.igned 
emtr!,. 
tor 
real 
and iaaginary 
nu.bera 
respectively. 


rFT_OUT: 
StartiD, 
acldreae 
for 
32 word 
array 
of 
_itude 
iDforutioD, 


claw 
cia" 
claw 
claw 
cia" 
claw 
clab 
kD2 


1 
1 
1 
1 
1 
1 
1 
:word 


a-l 
CClIIpODeIIt of 
fft 
:r.ainary 
ca.pc)Qent 
of 
wavetol'W 


270189-34 


_.l 
• 


~ 
"U, 
N 
..•..• 
U1 
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IIIR 
LOO 
0B.1ECT 


2280 


C 
2280 
2280 
1100 
1/1 
2282 
B10100 
- 
S- 


CO 
228!S re 
I 


2286 
110158 
2289 
B10466 
228C 
A1200044 
en~ 
2290 


CQ 
2290 
960400 
CJI 
2293 
014C 
~ ."~ 
2296 
9905118 
I\) 
2298 
DA0220A3 
(11 
'V.. 
0 


COl 
229C 
it 
229C 
0142 
3 
(') 
2291 
0a 
2291 
66020042 
S' 
22A2 
A04C4O 
c: 
CD 
22A!5 o_ 
S 
22A8 
7lrB40 
22AB A341003840 


2280 
A34144393C 
2285 
A341116393B 
22BA 44444C41 


rn_RUJI 


LItm 
86 
86 
If7 
88 
89 
90 
91 
92 
93 
94 
96 
96 
'i11 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
126 
126 
127 


I 
I 


I 


SOUIICI STATDmNT 


CS80 
at 
22808 


PUBLIC nt 
_ca1c 


BXTRN acale_factor 


,ft 
CALC: 


- 
c1rb 
1db 


OUT LOOP: 
- 
xorb 
c1r 


MID LOOP: 


- 
clr 


IN LOOP: 


- 
add 


Id 
ohr....., 


Id 
•..: 


$eject 


02/18/86 
PAGE 
3 


Startinc 
point 
for m a1corlt_ 


Sbift 
factor 
used 
to 
prevant 
overflow 
when 
averaciD. 
fft 
output. 


I 


START rooaIU 
CALCULATIONS 
400 
'INITIALIZATION 
or 
LOOP 


;••U 
Indication 
Only 


410 
K=O 


CIII'I> 
bet 


port1,toOOOO100B 
; •••• 
Indication 
Only 
kptr 


; ; ; ; 
420 
IF 
LOOP > IIIP 
TIIIII 700 
loop_cut, 
t!5 
; 
32=lr5 
UllllBAYI 


430 
IIICNT=O 


440 
'CALCULATIONS 
BBClIN IIBIIII 


450 
IIICNT=IIICNT+ 1 
460 
P=BR(INT(II/(lrSRIft») 


;; Calculate IlUltiplicatioD fector. 


470 
WRP=W/!(P) 
: IIIP=WI(P) 
: 
IIN2=K+N2 


270169-35 


error 
portl,tOOOOOOO1b 


c1rvt 
1<1> 
loop_cut 
,'1 
1db 
obft_cut, 
•• 
Id 
ndiv2,.32 


iD_cut 


iD_CDt,H 


Id 
Id 
add 


poor,kptr 
poor,obft_cut 
poor,'11111110B 
poor, brev 
(poor] 


wrp,wr(poor] 
••lp, ••l(poor] 
1m2, kptr, 
ndiv2 


--er 
• 


~l' 
N 
...., 


Cl! 


--er 
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IRR WC 
OBJECT 
LINE 
SOUHCI STATBMBNT 
128 
;; 
ec:.plex 
JlUltiplicatioo 
follows 
129 
130 
; 
480 
'IMPII= (WRP*XR(IN2) 
- 
WIP*XI(IN2) 
l/2 
22BK Fl!4r4fOOOO3C24 
B 
131 
p: 
11I11 
tllPr ,wrp,xreal (kn2] 
22C5 Fl!4F4ro0003K28 
B 
132 
..,1 
tllpi,wip,xt.&g[Im2] 
22CC 682A26 
133 
oub 
tllPr+2, 
tapi+2 
134 
; 
490 
lMPI; 
(WRP*XI(IN2) 
+ WIP*XR(IN2) l/2 
22CF Fl!4F4fOOOO3C2C 
B 
135 
11I11 
tllprl,Ift'P,xt.ag[Im2] 
22D6 Fl!4F4rooo03K2B 
I 
136 
••• 1 
tllpi, 
wip, xreal 
[1m2] 
2200 
64212A 
137 
add 
tllpi+2, 
tllprl+2 
138 
r 
139 
.. 
USiDg the 
hip 
byte 
oDly 
of 
a oigned 
IIIlltiply 
! 
140 
.. 
provides 
an effective 
divide 
by two 
S· 
141 
IQ 
2210 
0055 
142 
BVT 
BRRI 
i Branch on error 
in 
cOIIplex IlUltipllcatioue 
N 
143 
! 


2212 
A34000002C 
K 
144 
Id 
tllpr I, xreal 
[kptr] 
,... 
500 
1WIII;XR(Kl/2 
2217 
OAOI2C 
145 
.hr. 
tllprl,tl 
IIII 
lMPIl;XI(Kl/2 
Cl) 
22BA A340000030 
B 
146 
Id 
tllpU, 
xt.&g[kptr] 


== 
22Br 
OA0130 
147 
ahra 
tllpil,tl 


CO 
148 
Cl) 
149 
510 
XR(IN2) 
; 
TMPRI - 
TIIPR 
):0 
'f 
.." 
22F2 
48262C34 
150 
xr2: 
oub 
xrtllP. t.prl, 
tapr+2 
" 
.." 
22F6 
C34roOOO34 
B 
151 
at 
xrUip, 
xreal 
[Jm2] 
~ 
-I 
. 
I\) 
152 
520 
XI(IN2) 
; 
lMPIl 
- 
lMPI 
N 
"tI 
; 
....• 
Ol .. 
22FB 482A3038 
153 
gx2: 
aub 
xi tIIp, tllpU, 
tllpi+2 
U1 
0 
22rr 
C34roOO038 
B 
154 
at 
xitllp,xt.&g[Im2] 
IQ 
155 
; 
530 
XR(K) ; 
TllPRI + TIIPR 
.. 
III 
2304 
44262C34 
156 
add 
xrtllp, t.prl, 
tapr+2 
3 
2308 
C340000034 
B 
157 
at 
xrtllp, 
xreal 
[kptr] 
0 
158 
; 
540 
XI(K) 
; 
lMPIl 
+ lMPI 
2300 
442A3038 
159 
gx: 
add 
xitllp, 
tllpU, 
tllpi+2 
0 
2311 
C340OOOO38 
K 
160 
at 
xibip,xt.&g[kptr] 
::l- 
161 
:;" 
2316 
DC23 
162 
BVT 
BRR2 
i Branch on error 
in 
COIIplex addition. 
c:: 
([) 
163 
S 
164 
$eject 
270189-36 


~ 
I\) 
-.J 


rii=: 
::J 
ca 


~I:i 
.":!l 
'Va 
ca 
iil3oo 
:::l~. 
:::lc: 
CD.9: 


1IlS-96 
IIACIIO ASS_LBR 
nT_RIIII 
02/18/86 
PAG! 
S 


OR 
!DC 
OBJKCT 
LINI 
souacl 
SfATDmI'I' 
165 
'"" 
560 
1=1+1 
2318 
6502004C 
166 
ik: 
IOdcI 
kptr,'2 
161 
168 
; 
•• tt 
570 
If 
IIICII'f<1I2 !BIN 
ClO'l'O450 
231C 
884442 
169 
ClIP 
iD_cot , Deliv2 
23lr 
D6022778 
170 
! 
bit 
I1UDOP 
171 
172 
; 
" .. 
580 
1=1+112 
2323 
64444C 
173 
IOdcI 
kptr,Ddiv2 
174 
; 
"" 
590 
If 
1<111 !BIN 
ClO'l'O430 
2326 
893IOO4C 
175 
ClIP 
kptr, 
162 
232A 
D6022761 
176 
! 
bIt 
IIID_I.ooP 
177 
178 
"" 
600 
LOOP=LOOP+1 : 
112=112/2 
2321 
1758 
179 
iDCb 
loop_cut 
I." 
605 
SBIrT=SBIrT+l 
2330 
OAOI44 
1110. 
obra 
Ddiv2,Il 
2333 
1556 
181 
cIecb 
obft_cut 
182 
; 
I'" 
610 
ClO'l'O400 
2335 
2759 
183 
br 
OUT_I.ooP 
184 
185 
2337 
810100 
B 
186 
BIIIIl : 
lc1b 
error,lOl 
; overflow 
error. 
lat .et at calculatioaa 
233A 
1'0 
187 
ret 
2338 
810200 
B 
188 
1RR2: 
Id!> 
error,t02 
i overflow 
error 
I 
2Dd .et 
of 
calculatioa. 
233B 
1'0 
189 
rat 
190 
191 
$BJBCT 
270189-37 


_.er 
• 


» 
"D 
IN 
..•.• 
U'I 


_. 
er 
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ITT_RIDI 


IIR 
WC 
OIIJICT 
LIN! 
SOUIICI STAra.NT 
192 
193 
",. 
700 
' 
P06T-PROCBSI/IIl 
AND RBORDBRI/IIl STARTS HBRB 
233F 
194 
UNWBAYI: 


233r 
810200 
B 
1915 
Idb 
portl,toOOOOOl0b 
i*·" 
196 
197 
; 
"" 
720 
FOR 1=0 
TO 31 
2342 
0140 
198 
elr 
kptr 
2344 
AI400050 
199 
Id 
D_aub_k,t64 
2348 
200 
UN_LOOP: 


201 
; 
"" 
740 
IIBRI=XI(BR(I» 
: 
IRBRl=IR(BR(K) 
2348 
A34Doo3B62 
202 
Id 
rk,brevlkptr] 
r 
234D 
A3!5300003C 
B 
203 
Id 
xrrk, 
xreel 
Irk] 
1ii 
2362 
063C 
204 
at 
xrrk 
- 
3" 
2354 
A3!53000044 
B 
206 
Id 
Kirk,xi_Irk] 
IQ 
23590644 
206 
ut 
xirk 
N 
207 
; 
rDk,brevID_eub_ki;; 
; 
750 
XIBRNI=XI(BR(If-K): 
1RBRNJ[=IR(BR(If-K) 
I 
2358 
A3!51003864 
208 
Id 
Jo 
2360 
A355OOOO4O 
I 
209 
Id 
xrrDk,xreal 
IrDk] 
Ul 
2386 
0640 
210 
ext 
xrrDk 
~ 
2367ס\355OO0048 
B 
211 
Id 
xirDk,xi-alrDk] 
ID 
236C 
0648 
212 
ut 
xirDk 
(X) 
213 
; 
;;i; 
760 
TI=(XI8R1 
+ XI8RNJ[)/2 
)ao 
~ 
." 
2361 
44484428 
214 
er: 
!MId 
bpi,xirk,xirDk 
'U 
~ 
2372 
A04A2A 
215 
Id 
bpi+2,ximk+2 
.N 
I\) 
2375 
M462A 
216 
IMIde 
bpi+2,xirk+2 
......• 
(X) 
"Cl 
2378010128 
217 
lIbreI 
bpi,.I 
; 
16 bit 
reeuI 
t 
iD bpi 
en 
.. 
0 
218 
IQ 
219 
"" 
7'10 TR:(IRBRJ[ 
- 
1RBRNJ[)/2 
.. 
DJ 
2378 
484031:24 
220 
eub 
t.pr. xrrk,xrrnk 
3 
237r 
A03126 
221 
Id 
tapr+2,xrrk+2 
'0 
2382 
A84226 
222 
eube 
bpr+2, 
xrrDk+2 
2385 
010124 
223 
ehral 
bpr,.I 
; 
16 bit 
reeuIt 
iD bpr 
0 
224 
:l- 
225 
;;;; 
780 
IRT= 
(IRBRJ[ + 1RBRNJ[)/4 
5f 
2388 
44403C34 
226 
!MId 
xrtJilp,xm, 
xrrok 
c: 
CD 
236C 
A03136 
227 
Id 
xrtllp+2,xrrk+2 
,e, 
238r 
A44236 
228 
IMIde 
xr1:llp+2,XITDk+2 
2392 
000134 
229 
ehII 
xrt.p,.I4 
; 
32 
bit 
•.•• ult 
iD xrt.p 
230 
231 
IIII 
790 
lIT: 
(IIBRI-II8RNJ[)/4 
23915 48484438 
232 
eub 
xlb1p,xirk,xlrDk 
2399 
A0463A 
233 
Id 
xit.p+2,xirk+2 
239C 
A84A3A 
234 
eube 
xit.p+2,xirDk+2 
239r 
ODOl38 
235 
ebU 
xibp,.I4 
; 
32 bit 
r.euIt 
iD xibp 
236 
237 
$eject 
270189-38 
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IRR LOO OII.JICT 
LINB 
SOUJICBSTArm.JIT 
238 
; 
I,." 
Multiply 
will 
provide 
effective 
divide 
by 
2 
239 
240 
; 
"" 
800 
OU'i'R= (lIRT + TI*008rN(II)/2 
- 
1'R*SIMrN(II)/2) 
241 
2342 
lB4F404038242C 
242 
...: 
_I 
t~rl, 
tapr 
,.1D1'l1[kptr] 
2349 
lB4r4DC2382830 
243 
_I 
bopil, 
bopi, 
c:oefD[kptr] 
2380 
643034 
244 
add 
xrtIIp, 
bopil 
2383 
443236 
245 
acIdc: 
xrbop+2, 
bopil+2 
2386 
682C34 
245 
ollb 
xrbop, 
bopr 1 
2389 
A821136 
247 
.ubc 
xrbop+2, 
boprl+2 
23BC C34D000036 
R 
248 
.t 
xrbop+2,outr[kptr] 
;i OU'I'R 
:; Real OUtput Valuea 
r- 
249 
in 
250 
=: 
251 
; 
;;;; 
810 
OUr!: 
(lIT 
- 
TU8INl11(I)/2 
- 
TR*COSrN(II)/2) 
;:, 
ca 
252 
i 


23Cl 
lB4r4DC238242C 
253 
ai: 
•• 1 
taprl, 
bopr ,c:oefD[kptr] 
23C8 
1I4r4040382830 
254 
•• 1 
bopil, 
tapl,.1DfD[kptr] 
:.- 
23Cr 
683038 
255 
.1Ib 
xibop, 
bopil 
en 
23D2 A8323A 
256 
.lIbc 
xibop+2,bopil+2 
!!I: 
23D!5 682C38 
257 
.1Ib 
xibop,~1 


CD 
2308 
682131. 
258 
.1Ib 
xibop+2, 
bopr1+2 
QI 
23D8 C34D40003A 
R 
259 
.t 
xibop+2, 
outi 
[kptr] 
;; 
OUTI : 
Iaqioary 
Output 
val.- 
T. 


"11 
260 
:!I 
261 
I\) 
262 
;;;; 
830 MAIl :SQII( OUTII*OUTR+ OIJTIOOUTI) 


CO 
'lI 
263 
..•0 
2380 
264 
CIIT_IWl: 
;; 
Get 
•••••• ltude 
of 
Vector 
ca 
2310 
1.03624 
266 
Id 
bopr ,xrbop+2 
..• 
DJ 
23113 A03A28 
266 
Id 
bopi,xibop+2 
3 
267 
'0 
23116 1II6C2424 
268 
_I 
tlipr.tapr 
; 
bopr 
: 
bopi**2 
+ bopr**2 
2311. rll6C2828 
269 
•• 1 
bopi, 
tapi 
0 
2311II 642824 
270 
acid 
bopr,bopi 
::J5- 
23rl 
442A25 
271 
add<: 
tapr+2, 
tapi+2 
272 
c:: 
23r4 
32OO4C 
I 
273 
bbc 
rn_IIlDII, 
2, CALC_SQIIT 
(1) 
,e, 
274 
275 
"Ject 


270189-39 


_.l 
• 


)I- 
'U 
IN 
.....• 
Cl! 


11:5-96 
IIAClID ABS_LBII 
rrT_RUN 


BBR LOO 
OBJICT 
LINI 
276 
277 
278 
279 
23" 
2110 
23" 
01116 
281 
23r9 
0r5624 
282 
23lC 
99OP156 
283 
23rr 
DA04 
284 
285 
2401 
0140 
286 
2403 
202C 
2B7 
r: 
288 
i.i" 
240!5 
289 
.. 
240!5 445_ 
290 
5" 
291 
ca 
2409 
AC274B 
292 
i 
2400 
44414141 
293 
2410 
66083A41 
294 
~ 
295 
1/1 
2414 
A24r4O 
296 
~ 
2417 
.124144 
297 
ID 
298 
01 
241A 
684044 
299 
~ 
"TI 
300 
:!I 
241D AC263C 
301 
W " 


2420 
6C443C 
302 
0 .. 
303 
0 
2423 
0C083C 
304 
ca.. 
2426 
643C4O 
305 
III 
2429080540 
306 
3 
307 
0 
242C 
A7570A3C40 
308 
0 
309 
a 
310 
5' 
311 
c 
2431 
312 
(!) 
2431 
080040 
11 
313 
.s 
2434 
A4OO4O 
B 
314 
2437 
674D000040 
B 
315 
243C C34D000040 
B 
316 
317 
2441 
2045 
318 
319 


SOOJICI 
srA-.rr 


02/18/86 
8 


ohft_CDt 
tJopr, ohft _CDt 
ohft_CDt,tl5 
LOO_IH_IWIGI 


Idbze 
add 
add 


PAG! 


, ", , 
••• 
CALCULArB 10 10' 
_i 
tude 
A2 
••• 
Output 
= 512.10.LOO(x) 
x=I,2,3""" 
641 


LOO S1ORB: 


- 
ohr 
adcIc 
add 
ot 


$eJect 


No,...Uze 
BDd.,et no•.•• U •• tloa 
fector 


.1u.p 
if 
SBlrT_CHT 
(= 
15 


clr 
10, 
br 
LOO_S1'ORII 


LOO IN IWIGI: 


- 
- 
edd 
ahft_CIlt,.hft_CIlt.ahft_CIlt 
i Mllke .hilt_CDt 
a pointer 


ptr, 
tJopr+3 
; _t 
oiiDUi"""t 
byte 
to table 
poiDter 
ptr.ptr,ptr 
; 
ptr,' 
LOO_TASLB-2116 
; ptr= 
rable 
+ offoet 
(offoet=tllpr+3) 
Uoe -2116 oiDee 
tl!pr+3 
to alWII)'B >= 128 
Id 
Id 
10" 
[ptr)+ 
nxtloc, 
[ptr) 


CALC LOO: 


- 
clr 
no~l 
c:orpb 
Jle 


.lIb 
nxtloc, 10, 


Idbze 
dUf, 
tllpr+2 
_lu 
dlff,DXtloc 


ohrl 
add 
ohr 


diff,tB 
10.,diff 
10.,#5 


j j 
Linear 
IDterpolat 
ion 


nxtloc 
= oext 
10, 
- 
10' 


dirt+ 
1 = nxtloc 
• 
tllpr+2 
1 256 


10( 
= 10, 
+ dUf/2116 


8192/32 • 2OLOO(x) 
= 256 
• 
20LOO(x) 


addc 
10(,lOl...offoet[ohft_CDt) 


;; Lo. (MOH) 
= toe M+ Lo, H 


; add 101 of nonalizatioD 
fector 


Divide 
to preveat 
overflow 
durina 
ave •.•• iq 
of 
outputo 


270189-40 


BR 


10.,#SCALB 
rACTOR 
lOft.ero 
- 


10(,rrT_OOT[kptr) 
10(, rrT_OOT[kptr} 


IIHDL 


_.l 
• 


»" 
II\) 
.....• 
Cl! 


1CS-96 
MACROASSIillBLIIR 


IIIR 
LOC 
OB.1I!CT 


2443 


2443 
0156 
2446 
0f5624 


2448 
D705 
244A 004200 
244D 2029 
,.. 
244' 
ii" 
244' 
AC27411 
.. 
2462 _us 
S' 
2456 
660839411 
C 
N 
245A A24'40 
! 


.245D A241f44 


III 
2460 
684D44 
ii: 
ID 
2463 
AC263C 
C/I 
2466 
6C443C 
~ "":!l 
2469 
AC3D3C 
tu 
246C 643C40 
...• 
'V.. 
0 
246' 
44565656 
C; 
2473 
6157C83940 
3a 
0 
2478 
~ 
2478 
080042 
S" 
2418 
A4OO42 
c 
CD 
2471f 674סס00042.B 
2483 
C340000042 


2488 
6502D04C 
248C 
69020050 
2490 
DP0226B4 


2494 ro 


FFT_RUH 


LIB 
32D 
321 
322 
323 
324 
32l! 
326 
S 
327 
328 
329 
330 
331 
332 
333 
334 
335 
335 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
B 
353 
E 
354 
B 
355 
B 
356 
357 
358 
359 
360 
351 
362 
363 
364 
365 
366 


SOUIICBSTATIM!IIT 


CALC_SQIIT: 


clr 


SQIIT III IWIGI: 
- 
-l<1>ze 
add 
add 


Id 
Id 


SQIIT STORB: 
- 
ahr 
addc 
add 
at 


DDL: 
add..., 
bne 


$eject 


02/18/86 
PAGE 
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*** 
CALCULATESQllAIiII 
ROOT *** 


ahft 
cot 
DOIWl 
tllpr, ahtt_ cut 
JIorwaliJ::e 
aod 
fet 
DOlWllizatioD 
factor 


jDe 
at 
br 


SQIIT III IWIGI 
zero:eqrt+2 
SQIIT_STO/II! 


J"~ 
if 
apr) 0 


ptr. tllpr+3 
; Moat aipificant 
byte i. table 
pointer 
ptr,ptr.ptr 
ptr,_ 
SQ_TABLJI-256 
; ptr= 
Table 
+ offaet 
(ofiaet;t.pr+3) 
Use 
-256 
eteee 
t.pr+3 
is 
alwaya 
); 
128 
aqrt, 
(ptrJ+ 
nxtloc, 
(ptr 
J 
j; 
Linear 
Interpolation 
..., 
mrtloc,.qrt 
oxtloc 
= 
laqrt 
- 
next 
aqrt 


Idbze 
dUf, 
blpr+2 
•• lu 
diff.nxtloc 
dUf+l 
; 
DXtloc 
• 
t.pr+2 
/ 
256 


Idbze 
dilt.dilt+l 
add 
aqrt.dlft 
aqrt 
; 
aqrt 
+ delta 
(diU 
( Orn!) 


add 
.blt _cut I.htt _CIIt I ahft _cnt 


•• lu 
~rt. 
tab_aqr(ahft_CDt] 
i divide 
by norwalization 
factor 


j; 
wulu act. 
_ 
divide 
siDee if tab2=Orrrnr 
i i aqrt 
would 
re.e.in 
eB8eDtialy 
UDCbaDged 


aqrt+2.ISCALB_I"ACTOR 
aqrt+2. 
zero 
aqrt+2,yn_0I1I'(lIptrJ 
sqrt+2.FFT_0I1I'(lIptrJ 


Divide 
to prevent 
overflow 
during 
averegiDt( 
of 
outputs 


*** 
DD 
or 
LOOP 
*** 


960 
BIT 
I[ 
kptr.t2 
D_8\i)_k,12 
UII_LOOP 


11IfT 


270189-41 


11 


_. 
cC 


@ 


~.". 
N 
....• 
Cl! 


_.er 


IICS-96IIoICBO 
ASS_LIR 
rrT_JIUII 
02/18/86 
P_ 
10 
I 
I 
• 


011 
LOO 0L1ICT 
LIN! 
IIOO8CIS'lA,...1ft 
36'/ 
,•••••H.t 
3800 
388 
CIIIQ A'l 38001 
, , , , 
u.. 2Irfor tobl. 
369 
3800 
310 
•• 
V: 
,2$bit 
•.•". •.••1 value 
311 
38000000200010003000 
312 
DCW 
2$0, 2U6, 2*", 
_, 
2*4, 2*20, 2012, 2021 
38100400240014003400 
313 
DCW 
202, 2US, 2010, 2026, 206, 2022, 2014, 2030 
382002002200l2OO32OO 
374 
DCW 
201, 2017, 209, 
2025, 2$0, 2021, 2013, 2029 
38300600260016003600 
315 
DCW 
203, 2019, 2011, 202'1,207, 2023, 2015, 2031 
316 
3840 
317 
8IIIJ'N: 
C 
3840OOOOIICOCrsl82825 31S 
DCW 
0, 
3212, 
6393, 
91512, 12S39, 1_, 
11204, 20787 
lit 
3IIiO82SU1626116M270 
319 
DCW 
23170, 2S329, 2724S, 288911,30273, 313S6,· 32131, 32609 
=: 
3860 rrTl617r89'7D7C7A 
380 
DCW 
32767, 32609, 32131, 313S6, 30273, 28898, 2724S, 2S329 
.g 
387082SA33511C47S63C 
381 
DCW 
23170, 20787, 11204, 1_, 
12S39, 
9612, 
6393, 
3212 
3880000074r30'7I7DIIDA 
382 
DCW 
0, 
-3212, 
-6393, 
-9612, -12S39, -1_, 
-11204, -20787 
i 
38807IAIiOr9D939611BF 
383 
DCW 
-23170, -2S329, -27245, -288911,-30273, -313S6, -32131, -32609 
• 
3BAO018091'80171I2II485 
384 
DCW 
-32767, -32609, -32137, -31356, -30273, -288911,-2724S, -2S329 
VI 
38607UIlCDAD411BAAC3 396 
DCW 
-23170, -20787, -18204, -1_, 
-12S39, -9612, 
-6393, 
-3212 
~ 
3IICOסס oo 
386 
DCW 
0 
:i 
38C2 
= 
cos'": 
~ 
U1 
"11 
38C2rP'1l617r89'7D7C7A 
389 
DCW 
32767, 32609, 32131, 31356, 30273, 28898, 2724S, 2S329 
"'Cl 


.:.. 
"" 
380282SA33511C47S63C 
390 
DCW 
23170, 20787, 18204, 1_, 
12S39, 
9612, 
6393, 
3212 
• 
c.) 
~ 
82 
000074P307r1DBDA 
391 
DCW 
0, 
-3212, 
-6393, 
-9612, -l2S39, -1_, 
-18204, -20787 
N 
I\) 
~ 
381'27IAIiOP9D9396l1Sr 
392 
DCW 
-23170, -2S329, -2724S, -288911,-30273, -31356, -32131, -32609 
~ 
o 
390201809rB077828485 
393 
DCW 
-32767, -32609, -32137, -313S6, -30273, -28898, -2724S, -2S329 
CO 
391271AtlCDAl1488AAC3 394 
DCW 
-23170, -20787, -18204, -1_, 
-12S39, -9612, 
-6393, 
-3212 
iil 
3922OOOOIICOCrsl82825 396 
DCW 
0, 
3212, 
6393, 
9612, 12S39, 1_, 
18204, 20787 
3 
393282SUI62606A1270 
396 
DCW 
23170, 2S329, 2724S' 288911,30273, 313S6, 32131, 32609 
~ 
3942 rnr 
387 
DCW 
32767 
() 
398 
g 
3944 
399 
11II: 
"" 
11II= COS(I02PI/II) 
<:!: 
3944 rnl897D4176606A 
400 
DCW 
32767, 32137, 30273, 27245, 23170, 18204, 12S39, 
6393 
::l 
39S4OOOOO7I7OSCP1418 401 
DCW 
0, 
-6393, -12S39, -11204, -23170, -2724S, -30273, -32131 
l6 
39640111O'7'1821rB99395 402 
DCW 
-32767, -32131, -30273, -2724S, -23170, -18204, -12S39, -6393 
0. 
3974OOOOrsl8r9301C47 
403 
DCW 
0, 
6393, 
12S39, 18204, 23170, 2724S, 30273, 32131 
~ 
3984rrtr 
404 
DCW 
32767 
405 
39116 
406 
IfI : 
•••• 
Ifl = -SIII(II02PI/II) 
3_ 
000007l7OSCn488 
407 
DCW 
-0, 
-6393, -12S39, -18204, -23170, -2724S, -30273, -32137 
3996018077821rB99395 
408 
DCW 
-32767, -32137, -30273, -2724S, -23170, -18204, -12S39, -6393 
39A6OOOOrsl8r9301C47 
409 
DCIf 
0, 
6393, 
12S39, 18204, 23170, 2724S, 30273, 32131 
39IBrnr89'7D41766D6A 
410 
DCIf 
32767, 32131, 30273, 27245, 23170, 18204, 12S39, 
6393 
39C6סס oo 
411 
DCIf 
0 
412 
.eJect 
270189-42 


_.er 


.•. 
I 
I • 
MClI-96 MACROASS_LIB 
rrf_RUII 
02/18/86 
PMlI 
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IRR 
LOC 
OBJICT 
LIMB 
SOURCI STA_HT 
413 
414 
3908 
415 
TAB_SQR: 
; 66535/(oquare 
root 
of 
2**SBfT_CHT) 
; 
O<;SBfT_CHT<32 
416 
417 
1 
2 
4 
8 
16 
32 
64 
128 
3908 
rrrJ04B60080825A 
418 
DCW 
55535, 
46340, 
32768, 
23170, 
16384, 
11585, 
8192, 
5793 
419 
420 
.. 
256 
512 
1024 
2048 
4096 
8192 
16384 
32768 
3908 
00l0500BOOO_ 
421 
DCW 
4096, 
2896, 
2048, 
1448, 
1024, 
724, 
512, 
362 
422 
r- 
423 
66536, 
131072, 
262144, 
524288, 
iir 
3988 
000lB50080005BOO 
424 
DCW 
256, 
181, 
128, 
91, 
64, 
45, 
32, 
23 
.• 
39F8 
10000BOO08000600 
425 
DCW 
16, 
11, 
8, 
6, 
4, 
3, 
2, 
1 
S" 
426 
IQ 
427 
I 


3A08 
428 
SQ_TABLB: 
; .quare 
root of n * 2.*24 
N;l28, 
129, 
130 
••• 
255 
429 
3A08 05B5BAB561B621B7 
430 
DCW 
45341, 
46822, 
46702, 
46881, 
47059, 
47237, 
47415, 
47591 
en 
3A18 97BA46BBr5BBA3BC 
431 
DCW 
47767, 
47942, 
48117, 
48291, 
48455, 
48637, 
48809, 
48981 
3: 
3A28 OOCOAAC054C1rDC1 
432 
DCW 
49152, 
49322, 
49492, 
49661, 
49830, 
49998, 
50166, 
50332 
CD 
3A38 43C!519C58BC633C7 
433 
DCW 
50499, 
50665, 
50830, 
50995, 
51159, 
51323, 
51486, 
51649 
en 
3A48 63CA04CBA6CB46CC 
434 
DCW 
51811, 
51972, 
52134, 
52294, 
52454, 
52614, 
52773, 
52932 
~ 
~ 


"TI 
3A58 62CrooOO9DD03AD1 
435 
DCW 
53090, 
53248, 
53405, 
53562, 
53719, 
53874, 
54030, 
64185 
" 
:!I 
3A68 44D4DBD4770511D6 
436 
DCW 
64340, 
64494, 
64647, 
64801, 
64964, 
55106, 
55258, 
56410 
IN 
(,) 
"U 
3A78 09D9AOD936DACCDA 
437 
DCW 
55561, 
55712, 
55862, 
56012, 
56162, 
56311, 
56459, 
56608 
.....• 
(,) 
..• 
3A68 B4DD47DIDBDl6IDr 
438 
DCW 
56756, 
56903, 
57051, 
57198, 
57344, 
57490, 
57636, 
57781 
UI 
0 
3A98 4612D7126713F713 
439 
DCW 
57926, 
58071, 
58215, 
58359, 
58503, 
_, 
56789, 
58931 
IQ 
3AA8 CIB64F87DD876A18 
440 
DCW 
59073, 
59215, 
59357, 
59498, 
59639, 
59779, 
59919, 
60059 
..• 
I» 
3AB8 27DB2IB3D1CC7BC 
441 
DCW 
60199, 
60338, 
60477, 
60615, 
60764, 
60891, 
61029, 
61166 
3 
3AC8 771roorossro10Fl 
442 
DCW 
61303, 
61440, 
61576, 
61712, 
61848, 
61984, 
62119, 
62264 
0 
3AD8 B4F33Br4C1F446r5 
443 
DCW 
62388, 
82523, 
62557, 
62790, 
62824, 
63057, 
63190, 
63323 
0 
3AB8 Drr763F887F86Ar9 
444 
DCW 
63455, 
63587, 
63719, 
63850, 
63982, 
64113, 
64243, 
64374 
s 
3AF8 F8F87 AFCnri:7Dro 
445 
DCW 
64504, 
64534, 
64763, 
64893, 
55022, 
55151, 
55280, 
6S408 
446 
::l 
447 
"Ject 
c:: 
CD 
270189-43 
.e, 


_.l 
ICHI6 
MACIIOASSBMBLlR 
rlT_RUN 
02/18/86 
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• 


IRR toe 
OBJECT 
LINK 
SOOIICI STA~ 
448 
3B08 
449 
LOG_TABLI: 
; 
16384*l0*LOG(D/I28) 
D=I28, 129, 130 
.•. 
256 
450 
3808 
00002A024F047006 
451 
DCW 
0, 
554, 
1103, 
1648, 
2190, 
2727, 
3260, 
3789 
3B18 DAlOl31219141A16 
452 
DCW 
4314, 
4835, 
5353, 
5866, 
6376, 
6883, 
7386, 
7886 
3828 
BD20A92292247826 
453 
DCW 
8381, 
8873, 
9362, 
9848, 
10330, 
10810, 
11286, 
11758 
3B38 C42r973166333335 
454 
DCW 
12228, 
12695, 
13158, 
13619, 
14076, 
14531, 
14983, 
15432 


·3848 
063IIC13F7A413043 
455 
DCW 
15878, 
16321, 
16762, 
17200, 
17635, 
111067, 
18497, 
18925 
3858 
95483C4DDr418150 
456 
DCW 
19349, 
19772, 
20191, 
20609, 
21024, 
21436, 
21846, 
22254 
3868 
8458175AA858366D 
457 
DCW 
22660, 
23063, 
23464, 
23862, 
24259, 
24553, 
2504!l, 
25435 
r 
3878 
D1646066ID675D69 
458 
DCW 
25822, 
26208, 
26592, 
26973, 
27353, 
27730, 
28106, 
28479 
iii' 
3888 
B370247294730275 
459 
DCW 
28861, 
29220, 
29588, 
29954, 
30318, 
30680, 
31040, 
31399 
- 
3898 
OB7C6II7DCF7I2rBO 
460 
DCW 
31755, 
32110, 
32463, 
32815, 
33165, 
33512, 
33859, 
34203 
:; 
3BAB r28647889B89i1DBA 
461 
DCW 
34546, 
34887, 
35227, 
35565, 
35902, 
36236, 
36670, 
36901 
IQ 
38B8 7091B892rr934595 
462 
DCW 
37232, 
37560, 
37887, 
38213, 
38537, 
38860, 
39181, 
39!501 
r 


3BC8 88_98319' 
463 
DCW 
39819, 
40136, 
404Ii2, 
40766, 
41079, 
41390, 
41700, 
42009 
3808 
4CAli7lA&f&7DIAB 
464 
DCW 
42316, 
42622, 
42927, 
43230, 
43533, 
43833, 
44133, 
44431 
• 
3818 
8BA11OAF07BI2CB2 
455 
DCW 
44729, 
4!lO24, 
46319, 
45612, 
45905, 
46196, 
46486, 
46774 
(I) 
31re 
06B7r4B811BA2DBI 
455 
DCW 
47062, 
47348, 
47633, 
47917, 
48200, 
48482, 
48763, 
49042 
3C 
3C08 A9CO 
467 
DCW 
49321 
CD 
468 
en 
JeOA 
469 
LOG_OFF3IT: 
; 512*10*LOG(2**(l5-D» 
e= 0,1.2.3 
... 
15 
~ 
~ 


"1'1 
470 
; 512*l0*LOG(0.5) 
D= 16,17,18 
, •. 
31 
." 
:!I 
471 
• 
c.> 
JeOA 4r5A40\11445413'48 
472 
DCW 
23119, 
21578, 
20037, 
18495, 
16954, 
15413, 
13871, 
12330 
N 
"0 
....• 
.j:> 
..• 
!!CIA 252A20241A111518 
473 
DCW 
10789, 
9248, 
7706, 
6165, 
4624, 
3083, 
1541, 
0 
Cl! 
0 
474 
IQ 
3C2A 
475 
IND 
..• 
DI3 
ASSBMBLYClM'LftID, 
NO IDiIIOII(S) fOUND, 
270189-44 
n 
0 
:::lg. 


C 
CD.e, 


infel.. 
AP-275 


The BASIC program 
is used as comments 
in the 
ASM96 program. Some of the variables in the ASM96 
program have slightly different names than their coun- 
ter-parts in the BASIC program. This was to make the 
comments fit into the ASM96 code. Highlights in this 
section of code are a table driven square root routine 
and log conversion routine which can easily be adapted 
for use by any program. 


Both the square root routine and the log conversion 
routine use the 32-bit value in the variable TMPR. The 
square root routine calculates the square root of that 
value in the variable SQRT+ 2, a 16-bit variable. In 
this program, the square root value is averaged and 
stored in a table. 


The log conversion routine divides the value in TMPR 
by 65536 (216) and uses table lookup to provide the 
common log. The result is a l6-bit number with the 
value 512 • 10 Log (TMPR/65536) 
stored in the vari- 
able LOG. This calculation is used to present the re- 
sults of the FFf in decibels instead of magnitude. With 
an input of 63095, the output is 512"48 dB. The graph 
program, (Section 10), prints the output value of the 
plot as INPUT/512 
dB. 


The following descriptions of the ASM code point out 
some of the highlights and not-so-obvious coding: 


Lines 1-104 initialize the code and declare variables. 
The input and output arrays of the program are de- 
clared external. Note that many of the registers are 


overlayable, use caution when implementing this rou- 
tine with others with overlayable registers. 


Lines 116-124 calculate the power of W to be used. 
Note that KPTR is always incremented by 2. The mul- 
tiple right shift followed by the AND mask creates an 
even address and the indirect look to the BR (Bit Re- 
versal) table quickly calculates the power PWR. 


Lines 130-138 perform the' complex multiplications. 
Since WIP and WRP range from - 32767 to + 32767, 
the multiplication is easy to handle. The automatic di- 
vide by two which occurs when using the upper word 
only of the 32-bit result is a feature in this case. 


Lines 144-163use right shifts for a fast divide, then add 
or subtract the desired variables and store them in the 
array. Note that the upper word of TMPR and TMPI 
is used, and the same array is used for both the input 
and output of the operations. 


Lines 165-189 update the loop variables and then check 
for errors on the complex multiplications 
and addi- 
tions. If there are no overflows at this time the data will 
run smoothly through the rest of the program. 


Lines 200-212 load variables with values based on the 
bit reversed values of pointers. 


Lines 214-236 perform additions and subtractions 
to 
prepare for the next set of formulas. Note that XITMP 
and XRTMP are 32-bit values. 


5-135 


• 


AP-275 


Lines 240-260 perform multiplies and summations re- 
sulting in 32-bit variables. This saves a bit or two of 
accuracy. The upper words are then stored as the re- 
sults. 


Lines 263-272 generate the squared magnitude of the 
harmonic component as a 32-bit value. 


Lines 278-310 calculate 10 Log (TMPR/65536). 
The 
32-bit register TMPR is divided by 65536 so that the 
output range would be reasonable. 


First, the number is normalized. (It is shifted left until a 
I is in the most significant bit, the number of shifts 
required is placed in SHFT_CNT.) 
If it had to be 
shifted more than 15 times the output is set to zero. 


Next, the most significant BYTE is used as a reference 
for the look-up table, providing a 16-bit result. The next 
most significant BYTE is then used to perform linear 
interpolation between the referenced table value and 
the one above it. The interpolated value is added to the 
directly referenced one. 


The 16-bit result of this table look-up and interpolation 
is then added to the Log of the normalization factor, 
which is also stored in a table. This table look-up ap- 
proach works fast and only uses 290 bytes of table 
space. 


Lines 321-357 calculate the square root of the 32-bit 
repster TMPR using a table look-up approach. 


First, the number is normalized. Next, the most signifi- 
cant BYTE is used as a reference for the look-up table, 
providing a 16-bit result. The next most significant 
BYTE is then used to perform linear interpolation be- 
tween the referenced table value and the one above it. 
The interpolated value is added to the directly refer- 
enced one. 


The 16-bit result of this table look-up and interpolation 
is then divided by the square root of the normalization 
factor, which is also stored in a table. This table look- 
up approach works fast and only uses 320 bytes of table 
space. The results are valid to near 14-bits, more than 
enough for the FFT algorithm. 


Lines 352-360 average the magnitude value, if multiple 
passes are being performed, and then store the value in 
the array. The loop-counters are incremented and the 
process repeats itself. 


This concludes the FFT routine. In order to use it, it 
must be called from a main program. The details for 
calling this routine are covered in the next section. 


8.0 
BACKGROUND 
CONTROL 
PROGRAM 


The main routine is shown in Listing 3. It begins with 
declarations that can be used in almost any program. 
Note that these are similar, but not identical, to other 
8096 include files that have been published. Comments 
on controlling the Analog to Digital converter routine 
follow the declarations. 
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~ 
(,) 
-..J 


ris-eI 
DIs- 
:lIoe- 
s- 
ID 


MCS-96 
MACHOASS_LlR 
rfT_MAIN_APNOTII 


SIRIIS- 
III 
II:S-96 
MACHOASS_LlR, 
VI. 0 


SOURCl! FILII: 
:F2:fTMAIN.A96 
0II.1ICT 
FILl: 
: F2: fTMAIN. 0B.1 
COImIOLS 
SPECIFIID 
IN 
IIIWCATION 
C<MWID: 
NOSB 


Intel 
Corporation, 
January 
24. 
1986 
by 
Ira 
Bordeu, 
11:0 AppUcationa 


02/18/86 
PAG! 


SOURCI STATDIINT 
'P8Ielen(tb(50) 


ITT_MAIN_APNOTII IIlDULI 
MAIII, 
STACKSIZB(6) 


Tbta pro ••.•• 
perfOrM 
an rrr OD real 
data ad plot. 
it 
on • 
printer. 
It 
lISea 
the 
pro ••.• 
_1_ 
A2DOON, PIDTSP, 
IIIId FrrIIUlI. 
The 
adJuatable 
par_tera 
of each of the protr- 
are eet by thi. 
_in 
.odule. 


,IIICLUDI 
(:FO:DBM096.IIIC) 
; 
IDClude 
sm definitiona 
; 'DOUot 
; 
Turn 
liot~ 
off 
for 
include 
fUe 


i•••••••••••• 
****••••• *******••••• ********* •••••• ********••••••••••••••••••••••• 


Copyri 
••• t 
1986, 
Intel 
Corporation 
October 
2&,1986 
by 
Ira 
Borden, 
11:0 Applicationa 


DBM096. IIIC - 
DBFIIIITION or SYIeOLIC 
_ 
FOR TBB I/O 
RBOISTBRS or TBB 11096 


;***************************************************************************- 


BQU 
OOb: IIOIiD 
BQU 
02B:BYTB 
BQU 
02&: BYTB 
IQU 
03B: BYTB 
BQU 
03&: BYTB 
BOU 
O4B:1IORD 
BQU 
O4B: IIOIiD 
BQU 
06&: BYTB 
BQU 
06&: BYTB 
BQU 
07B:BYTB 
BQU 
08&: BYTB 
BQU 
09&: BYTB 
BQU 
lIB: BYTB 
BQU 
llB: 
BYTB 
IQU 
OAB:BYTB 


II/W 
Zero 
Bepoter 


W 
A to D ~d 
re,iater 
B 
Low byte 
of 
reaul 
t 
and 
_1 
R 
Ri'" 
byte 
of 
reaul 
t 
W 
Control. 
BSI tnmaition 
detector 
W 
BSI 
tia 
tea 
R 
RSO tia 
tea 
W 
RSO~tea 
R 
BSI 
.tatua 
~ioter 
(reado 
fifo) 
II/W 
Serial 
port 
buffer 
II/W 
Interrupt 
__ 
re.ioter 


II/W 
Interrupt 
pendin. 
~1oter 
W 
Serial 
port 
control 
relioter 
R 
Serial 
port .tat •• 
retiater 
W 
Watcbdog ti.aer 
270189-45 


ERR LOC 
0B.1BCT 
LIMB 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
=1 
15 


=1 
16 
=1 
17 
=1 
18 
=1 
19 


=1 
20 


=1 
21 


=1 
22 
=1 
23 
=1 
24 
=1 
25 
=1 
26 
=1 
27 
=1 
28 
=1 
29 
=1 
30 
=1 
31 
=1 
32 
=1 
33 
=1 
34 
=1 
35 


=1 
36 
=1 
37 
=1 
3& 
=1 
39 
=1 
40 
=1 
41 


ססoo 
0002 
0002 
0003 
0003 
0004 
0004 
0006 
0006 
0007 
0008 
0009 
0011 
0011 
oooA 


2BIIO 
AD C<MIAND 
AD=RRSULT_LO 
AD_RlSULT_BI 
BSI 
MODI 
RSO=TDtI 
BSI_TIMB 
RSO C<MIAND 
BSI-STATUS 
SSul 
INT MASK 
INT=PBNDING 
SPCON 
SPSTAT 
WATCIIDOO 


_. 
cC 


8 


~ 
'tJ 
I~....• 
UI 


MCS-96 
MACROASS_LlR 
rrT_MAIJI_APNOTII 
02/18/96 


IRR toe 
OB.1IICT 
LIMB 
SO\JIICB STATDmIT 
OOOA 
=1 
42 
TIMIR1 
IQU 
OAR:1IORIl 
R 
TiMr1 
•.••• tater 
OOOC 
=1 
43 
TIM1R2 
JIQU 
OCR:IIORII 
R 
TiMr2 
regtater 
000. 
=1 
44 
PORTO 
JIQU 
OK8:BYTB 
R 
I/O 
port 
0 
0001 
=1 
45 
BAUD_RIG 
BOU 
OK8:BYTB 
W 
aaud rate reCi.ter 
ooor 
=1 
46 
PORT1 
BOU 
Om:BYTB 
R/W 
I/O 
port 
1 
0010 
=1 
47 
PORT2 
IQU 
10R:BYTB 
R/W 
I/O 
port 
2 
0015 
=1 
48 
lOCO 
BOU 
15B:BYTB 
W 
I/O 
coutro1 
rea1ater 
0 
0015 
=1 
49 
1050 
BOU 
15B:BYTB 
R 
I/O 
atat 
••• 
reatater 
0 
0016 
=1 
50 
lOCI 
IOU 
16B:BYTB 
W 
I/O 
coutrol 
•.••• bter 
1 
0016 
=1 
51 
1051 
IQU 
16B:BYTB 
R 
I/O 
atat 
••• 
re,tater 
1 
0017 
=1 
52 
PltUX)IITIiIlL 
JIQU 
17B:BYTB 
W 
,... 
CODtrol re,l.ter 
0018 
=1 
53 
SI' 
BQU 
18R:1IORIl 
R/W 
Syat •• 
atado: 
poioter 
=1 
54 
r 
0000 
=1 
65 
CH 
BOU 
ODH 
l[ 
OOOA 
=1 
56 
LF 
BOU 
OAR 
=1 
57 
S" 
=1 
58 
PUBLIC ZBRO, AD_COIIIAJID, AD_RBSULT_LO, AD_RBSULT_BI, BSI_IDIB, 
BSO_TDIII, BSI 
IQ 
=1 
59 
PUBLIC !ISO_COIIIAJID 
r 
=1 
60 
PUBLIC BSI_SUnJS, 
Slur, 
INT_MASIt, INT]IJIOIII!l,WATCIIDOG, 
TDIIIR1, TIM1R2 
=1 
61 
PUBLIC BAUD_RIG, 
PORTO, PORT1, 
PORT2,SPSTAT,SPCOf(,IOCO,IOC1,IOSO,IOS1 
~ 
=1 
62 
PUBLIC 
FWI_CONTROL,SP.CR.Lf 
III 
=1 
63 
~ 
S" 
001C 
=1 
64 
RSIIG at 
1CB 
lJ 
=1, 
65 
c.:> 
0 
00lC 
=1 
66 
Alt: 
OSW 
1 
j Te.p re,iaten 
used in confoBBD 
CO 
C 
0011 
=1 
67 
DX: 
DSW 
1 
; "1 th 
PIJt-96( 
tal 
coaveotiollB. 
- 
S" 
0020 
=1 
68 
BX: 
DSW 


CD 
0022 
=1 
69 
CX: 
DSW 
0 
=1 
70 
0 
00lC 
=1 
71 
At 
BOU 
AI 
:BYTB 
3- 
00lD 
=1 
72 
AR 
BOU 
(Alt+l) 
:BYTB 
s 
0020 
=1 
73 
BL 
IQU 
BX 
:BYTB 


C 
=1 
74 
(I) 
=1 
75 
public u. bx, 
ex, dx, ai, eh. bl 
.B 
=1 
76 


=1 
77 
Sliat 
; 
Turn 
liaUa, 
bado: 
OD 
=1 
78 
; 
Had 
of 
1ae1ude 
file 
79 
80 
; 
A2D UTILITT 
COIIIAJIDS/RBSPONSIIS 
FOR "CONTBOL_A2D" 
81 
0007 
82 
bUllY 
equ 
7 
0010 
83 
COD_bO 
equ 
000l000Ob;CODvert 
to 
Burro 
0028 
84 
duIop_bOJI_a 
equ 
00101000b; 
dowa1oad 
Burro 
•• 
PAIBBD SIONID 
do 


BS 
86 
0001 
87 
AVH_NIM 
equ 
1 
i N\IIber of 
tt.ae. 
to averaae 
the 
wavet« 


88 
; 
AVH_NIM < 256 


T. 


C.:l 
co 


ris- 
eci~ 
I»s 
:xlo 
c::..s 
IDooa 
5- 
t: 
(])S 


IOI:S-96 MACROASSBMBLI!R 
P'lT _MAII'-APNOTE 


LIMB 
89 
90 
91 
92 
93 
94 
95 
96 
9'7 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
III 
ll2 
113 
114 
ll5 
116 
117 
118 
ll9 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 


SO\lIICI 
STATDmICT 


SCALE_fACTOR 
equ 
o 


02/18/86 
PAGII 
3 


IRR 
LOC 
OII.JI!CT 


0000 


0100 
0080 
9100 


0024 


0024 
0028 
002C 
00211 


ססoo 
ססoo 
0001 
0002 


0080 
0080 
OOBO 
OOCO 


0200 


0200 
0200 
0240 
02CO 


PLOT_RRS 
PLOT_RRS_2 
PLOT_MAlI 


equ 
equ 
equ 


256 
plot 
ree/2 
plot=rea*l45 


Ihaer 
of right. 
lIhifte 
perfor.ed 
OD 
output 
of 
,". 
Ueect 
to preveat 
overflow 
on __ 
tion 


_r 
of iDput UDita per 
plot 
unit 


PUBLIC scale_factor, 
plot_~, 
plot_re8_2, 
plot_88X 


145 chra/row 


OSlO at 248 
i ~ 
oeea 
area 


tIip•.•••l: 
dal 
tlipt.q: 
da1 
wndptr: 
claw 
varptr: 
claw 


RSBG 
fft _: 
dab 
1 
error: 
ab 
1 
Ilvr cut: 
dab 
1 
PUBLIC error. 
fft_JaOde 


BXTRN 
.lIIIPle....,Period.. 
control_a2d 


DSBG at 
BOh 
XRBAL: 
DEST BUFF BASE: 
DSW 
64 
xIMAii eqU- 
XIIIAL+64 


PUBLIC 
DIST_BUFF_BASII, 
XIIIAL, 
IlMAG 


DSIG AT 200B 


PLOT m: 
ffT 00r: 
Bono 
BASI: 


BUffl=BASII: 


DSW 
DSW 
DSW 


ror rn routine 
For A2D routine 
ror rn 
routioe 


32 
64 
64 


for 
rrT 
routiDe 
ror 
A2D 
routioe 
for 
A2D routiDe 


$eject 
PUBLIC 
Burro_BASI, 
BUFFI_BASII, 
P'lT_OUT, 
PLOT_Ill 


270189-47 


11 


_.l 
8 


~ 
'1J 
II\) 
....• 


C1I 


_.l 
1ICS-96 
MACRO_la 
rn 
_IIAIN_AI'IOft 
02/18/86 
PAGI 
4 
I 
I • 
ID I.OC 
OIIJICT 
LIft 
SOIlRCI STA~ 
134 
2080 
135 
CSIO 
AT 2080& 
136 
137 
IITIIII 
INIT_ OUTPUT, DRAW_GRAPH, COIUM1r 
; 
ror 
Plot 
IoutiDe 
138 
IITIIII 
rn_CALC 
i ror rn 
routioe 
139 
IlTRN 
A2D_Iurr_UTIL 
j for 
A2D rout1De 
140 
2080 
Aloooo18 
R 
141 
LD 
SP,t8TACI 
2084 
A30100301C 
142 
LD 
AI,3000B 
2089 
143 
SII_WAIT: 
2089 
BOICro 
144 
dJDZ 
al,abe_watt 
; WAIT fOR Sill 
TO CLIWI SOW 
PORT IIITIIRRIIPTS 
208C 
BOID'A 
146 
dJ ••.• 
u,aba_wait 
146 
r 
208F 
lroooo 
B 
147 
11011I: 
CALL 
INIT _OUTPUT 
j IDitiaUze eerial port 
~ 
148 
S" 
2092 
149 
NBW_TllAllSfOIICSIT: 


CO 
2092 
11סס00 
R 
150 
1<1> 
fft 
__ 
,toOOOI 
; 
lit 
0 - 
_1 
data 
/ 
Tabled 
dat" 
I 


151 
; 
lit 
1 - 
Winclowed 
/ 
Unwi_ 
152 
; 
lit 
2 - 
10101 
MaC'2 
/ 
Nacnituclef 
153 
; 
lit 
3 - 
25_ 
plot 
/ 
No•.•• l 
Plot. 
2096 
110102 
R 
154 
Id!) 
avr_cot,'avr_Dua 
!!. 
2098 
0120 
155 
clr 
bx 
I 
~ 
~ 
~ 
2090\ C321000200 
156 
CLRRAM: .t 
zero, 
fft_out[bxJ 
; 
clear 
fft 
_itude 
array 
"0 
::u 
2091' 
65020020 
157 
edcI 
bx.12 
I 


I 
.j>. 
0 
200\3 
89400020 
158 
ClIP 
bx.t64 
~ 
S. 
...•.• 
0 
2OA7 D.,1 
159 
bit 
CLIIRNI 
U1 
S" 
160 
ID 
200\9300004 
R 
161 
C_loed: 
bbc 
fft 
__ 
, o ,do_tab 
i Branch if real 
data i. 
DOt 
uaeel 
0 
200\0 
2819 
152 
CALL 
LOAD_DATA 
0 
20Al 
2002 
163 
br 
C_win 
:::l 
164 
S- 
2080 
282' 
165 
do_tab: 
CALL 
TABLE_LOAD 
c: 
166 
CD 
2012 
310002 
R 
167 
C_wln: 
bbc 
fft 
__ 
,I,calc 
; Branch 
if 
windowi... 
i. 
not 
uaed 
S, 
2085 
28CI 
168 
CALL 
00_ WllIDOII 
169 
2017 
11'0000 
B 
170 
CALC: 
CALL 
,n_CALC 
20lA 
980001 
R 
171 
errtrp: 
-'" 
error, zero 
20lD 
D71'B 
172 
Jne 
errtrp 
173 
20., 
100205 
R 
174 
DJlIZ 
ayr_cot, 
LOAD_DATA 
i repeat 
for 
AVR_NttI 
couut. 
175 
2002 
BI'OOOO 
B 
176 
CALL 
DRAW_GRAPH 
177 
2005 
2701 
178 
IR 
NIW_TllAllSI'OIIM_SBT 
179 
.eJect 
270189-48 


11:8-96 
MACIIOABS_UIII 


IRR LOC 
OBJBCT 


2OC7 


20C7 
Blooor 


200A 
2ooA811ooo 
20CD 910100 
2000 
A132OO00 


2004 
lFOOOO 
2007 
3rooro 
il 


200A 
200A 
8121100 
2000 
lroooo 
a 
2010 
ro 
i 
2011 
iC 
2011 
0120 
DI 
2013 
Al02211C 
~ 
:;- 
2017 
0\21022 
21 
20BA 0\21011 
~ 
0 
2080 
C32111OOO22 
....• 
C 
20r2 
C321COOO11 
-:;- 
20" 
66020020 
CD 
20R 
89400020 
'0 
20W 
OBB6 
0 
2101 
ro 
a 
2102 
:J 
C 
(I) 
2102 
'1'7rr1'7rr1'7rmr 
,e, 
2112 
mWI'7rr1'7,mr 
2122 
mrrl'7rrl'7rr1'7r 
2132 
mrrl'7rr1'7"I'7' 
2142 
0111001110011100180 
21112 0111001110011100180 
2162 
0111001110011100180 
2172 
0111001110011100180 


rrr_MAIl'-APIIDTK 


LINE 
180 
181 
182 
183 
184 
185 
1 
196 
1 
117 
I 
188 
189 
1 
190 
B 
191 
192 
193 
B 
194 
B 
196 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
2D7 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 


SOIJIICI 
STATDENT 


02/18/86 
PAGI 
. 5 


, 
---------- 
LOAD_OATA: 
;;;; 
LOAD OATA I1i'IO IWI 


1db 


SIT 
0\20: 


- 
1db 
orb 
Id 


CALL 
Jba 


Down load: 
- 
1e11> 
CALL 
RlT 


portl,fOO 
. ;**** lOa 
INDICATION 
ONLY 


coutrol 
a2d •• COD bO 
CODtro(a2d,to1 
- 
.-.pleJeriod,t50 


Set 
couverter 
for 
butferO 
Couvert 
_1 
1 
100 
ua 
a"""le 
period 


a2d 
buff 
utU 
cootrol_&2d. buay,* 
Start 
the 
conversion 
procea. 
wait 
for all 
coDveral00a 
to be doae 


contro1_a2d,.m.p_bO"p_a 
a2d_buff_utU 
; 
d-.load 
bO paired/aiped 


;----_._-------_. 
TABLE_LOAD: 
clr 
Id 
load: 
Id 
Id 
at 
at 
add 
ClIP 
bIt 
BIT 


bx 
ax,'OATAO 
ex, [&Xl+ 
c1x, [axj+ 
cx,xreal[bxj 
c1x,x1al[bxj 
bx,'2 
- 


bx,l64 
LOAD 


Load 
tabled 
deta 
for 
tMUnc 


DATAO: 
; 
SQUAll 
WAVB 


DCW 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767 
DCW 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767 
DCW 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767 
DCW 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767, 
32767 
DCW 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767 
DCW 
-32767, 
-32767, 
-32767, 
-32767 
,. -32767, 
-32767, 
-32767, 
-32767 
DCW, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767, 
-32767. 
-32767 
DCW 
-32767. 
-32767, 
-32767, 
-32767, 
-32767, 
-32767. 
-32767. 
-32767 


teJect 
270189-49 


11 


l 


8 


~ 
'U 
~ 
....•• 
Cl! 


'f~ 
I\) 


r-! 
S" 
ecr3: 
DI 
S" 
l:JoS- 
S" 
CD 
~3- 
S· 
e: 
CDB 


1«:8-96 
MACRO ASSBIGILBR 


IIRR 
LOC 
08JBCT 


2182 
2182 
012C 
2184 
0121 
21116 
21116 A320BI211C 
2181 
A32DC02120 
2190 
mnl'8OOO1C24 
2197 
mnPCOOO2028 
2191 
0D0124 
21A1 000128 
21A4 C32I'8OOO26 
21A9 C32PCOOO2A 
21AB 61104002C 
2182 
615020021 
2116 
894OOO2B 
218A 07CA 
2lBC 
rD 


21BI 


2111 
00004roo3B01C102 
21CI 
BFl26617711CD421 
2101 
00404546'7C4C9352 
2111 
406D787136757078 
21rB 
rr7FB07PC47R3170 
2201 
406D996881632B5B 
221B D04OBA39833~ 
2221 
Brl28'70BC90ABrD7 
2231סס oo 


FPT_IlAIII_APIIOTB 


LIIIB 
223 
224 
226 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 


SOIJIICI 
STATDmIT 


00 
IIINDOW: 
- 
clr 
clr 
IIINDOW: 


IIANIIING: 


DCIf 
DCIf 
DCIf 
DCIf 
DCIf 
DCIf 
DCIf 
DCIf 
DCIf 


•••ject 


wndptr 
varptr 


02/18/116 
PAGI 
6 


lIiDdowi••• provi __ 
effective 
divide 
by 2 becauae 
of tile •• 1tip1y 


PIIIrDIII 
IIANIIING 
IIINDOW 


Id 
Id..,1 
_1 
obI1 
obll 
ot 
et 
add 
add 
. cop 
jDe 
BlIT 


ax,beJmiDlr(wndptr] 
bx,bomniDlr+2(wndptr] 
bipreel,ax, 
xreal (vtl1ltr] 
tJopt.c, 
bx, xt.c( 
vorptr] 
tJop.--l, 
t1 
tJopt.c,.1 
tJop•.••••1+2, xreal (vorptr 
J 
tJopt.c+2, 
xt.c( 
varptr 
J 
wndptr,H 
varptr.t2 
varptr,t64 
..i_ 


eo.peoa.te 
for 
the 
divide 
by 2 


1935, 


11628, 
24107, 
32062, 
30832, 
21139, 
8660, 
705, 


2761, 
3719 
13187, 
14778 
25486, 
26777 
32452, 
32688 
30006, 
29048 
19580, 
17989 
7281, 
5990 
315, 
79 


; lIi_i 
••• t\mctioo 


0, 


4799, 
16384, 
27968, 
32767, 
27968, 
16384, 
4799, 
o 


79, 
315, 
5990, 
7281, 
17989, 
19580, 
29048, 
30006, 
32688, 
32452, 


26771, 
25486. 
14778, 
13187, 


3719, 
2761, 


705, 
1247, 


8660, 
10114, 
21139, 
22653, 
30832, 
31520, 
32062, 
31520, 


24107, 
22653, 
11628, 
10114, 


1935, 
1247, 


270189-50 


_.l 
• 


~~. 
N 
...., 
Cl! 


_.er 


02/18/86 
7 
• 
11:5-96 
MACIIO_taR 
rrT_MAIH_APMmI 
PAGE 


IIIR !DC 
OII.JECT 
Lln 
SOUIICI STATDmIT 
255 
3D00 
256 
CSIIG AT 3D00H 
; ADDITIONAL TABLBS 
JOII 
TlSTIMl 
257 
; SIn 
7.0 
x 
3000 
258 
OATAl: 
3DOO D000335189'7DB270 
259 
BOW 
0, 
20787, 
32137, 
28898, 
12539, 
-9612,-27245,-32609 
3DI0 
7BA!514F31C477C7A 
260 
BOW 
-23170, 
-3212, 
18204, 
31356, 
30273, 
15446, 
-8393,-25329 
3020 
01800P9DOII!'7563C 
261 
BOW 
-32761,-25329, 
-8392, 
15446, 
30273, 
31356, 
18204, 
-3212 
3D30 1IM9r&09396DSDA 
262 
BOW 
-23110,-32609,-27245, 
-9612, 
12539, 
28898, 
32131, 
20187 
3D4O OOOOCDAB11821BSr 
263 
BOW 
-0, -20187, 
-32131, 
-28898, 
-12539, 
9612, 
27245, 
32609 
3050 
825A8C0CB4B88485 
264 
BOW 
23110, 
3212, -18204, 
-31356, 
-30273, 
-15446, 
6393, 
25329 
3060 
mrr162FS18AAC3 
265 
BOW 
32761, 
2S329, 
6392,-15446,-30213,-31356,-18204, 
3212 
3070 
82SA611F6D6.A2825 
266 
BOW 
23170, 
32609, 
27245, 
9612,-1253,9,-28898,-32131, 
-20787 
261 
C 
3080 
268 
DATA2: 
; SIn 
7.S 
x 
III 
269 
- 
3080 
0000r555611FCF66 
210 
BOW 
0, 
22005, 
32609, 
26319, 
6393, -16846, 
-31356, 
-29621 
S- 
a:! 
3D9O 05CrlF2BI270297C 
271 
BOW 
-12539, 
11039, 
28898, 
31785, 
18204, 
-4808,-25329,-32729 
r 


3DAO 7BA!51111F933519C7B 
272 
BOW 
-23170, 
-1608, 
20187, 
32412, 
21245, 
1962, -15446, 
-30852 
3DBO 1F8946C92825C9611 
273 
BOW 
-30273,-14010, 
9612, 
28105, 
32131, 
19619, 
-3212,-24279 
3OCO 018029A114F33r4C 
214 
BOW 
-32761,-24279, 
-3212, 
19619, 
32131, 
2810S, 
9612,-14010 
== 
3DOO BF897C81 AAC3lAlr 
275 
BOW 
-30273, 
-30852, 
-15446, 
7962, 
27245, 
32412, 
20787, 
-1608 
III 
3D10 7BM28800l9D38BD 
276 
BOW 
-23170,-32728,-25329, 
-4808, 
18205, 
31785, 
28898, 
11039 
» 
~ 
S- 
30FO Oscr418C8485338B 
277 
BOW 
-12539, 
-29621, 
-31356, 
-16845, 
6393, 
26319, 
32609, 
2200S 
"0 
:JI 
278 
, 
N 
~ 
0 
3100 
279 
DATAl: 
; 
.707*SINB 
7. 5X 
....• 
c.> 
C 
280 
UI 
- 
S- 
3BOO OOOOC63COF5AA1'48 
281 
BOW 
0, 
15558, 
23055. 
18607, 
4520, -11910, 
-22169, 
-20942 
ID 
3BI0 
SrD01CIBCr4rc857 
282 
BOW 
-8865, 
7804, 
20431, 
22472, 
12870, 
-3399,-17908,-23138 


'0 
3B20 03C08rFS69398459 
283 
BOW 
-16381, 
-1137, 
14697, 
22916, 
19262, 
5629,-10921,-21812 
0 
3130 
65AC4rD9451A9B4D 
284 
BOW 
-21403, 
-9905, 
6125, 
19870, 
22721, 
13800, 
-2271,-17165 
~ 
3140 
82MF3BC21F7B835 
285 
BOW 
-23166,-17165, 
-2271, 
13800, 
22721, 
19870, 
6125, 
-9905 
S' 
3BBC 65ACCCAM8D5rD15 
286 
BOW 
-21403,-21812, 
-10920, 
5629, 
19262, 
22916, 
14696, 
-1137 
C 
3160 
03C09IA5OCBAB9F2 
287 
BOW 
-16381,-23138,-17908, 
-3399, 
12871, 
22412, 
20431, 
7804 
CD 
3110 
SrDD32AB61A97ADl 
288 
BOW 
-8865, 
-20942, 
-22169, 
-11910, 
4S20, 
18607, 
23065, 
15657 
.9: 


289 
3180 
290 
DATA4: 
; 
.707*SINB(l1x) 
/16 
291 
3180 
OOOOrD04l40472rr 
292 
BOW 
0, 
1277, 
1204, 
-142, 
-1338, 
-1119, 
282, 
1386 
3B9O 00045Cm4fA69FC 
293 
BOW 
1024, 
-420, 
-1420, 
-919, 
554, 
1441, 
804, 
-683 
310\0 58rA65rD2403AI0S 
294 
BOW 
-1448, 
-683, 
804, 
1441, 
554, 
-919, 
-1420, 
-420 
3IBO 00046A051AOlAIFS 
296 
BOW 
1024, 
1386, 
282, 
-1119, 
-1338, 
-142, 
1204, 
1277 
3BCO 000003F14CF88B00 
296 
BOW 
-0, 
-1277, 
-1204, 
142, 
1338, 
1119, 
-282, 
-1386 
31DO OOFCA40111C069703 
297 
BOW 
-1024, 
420, 
1420, 
919, 
-554, 
-1441, 
-804, 
683 
3110 
A805AB02DCrcsrrA 
298 
BOW 
1448, 
683, 
-804, 
-1441, 
-554, 
919, 
1420, 
420 
31FO 00rc98rA88F15r04 
299 
BOW 
-1024, 
-1386, 
-282, 
1119, 
1338, 
142, 
-1204, 
-1277 
300 
3rOD 
301 
DATM: 
; 
.107*(SINB 
7.SI 
+ 1/16 
8INB 111) 
270189-51 


~t 


ris-eI 
11s- 
::0oc.•s 
CD 
g> 
3-s 
c: 
(1),e, 


1CS-96 
MACROASS_LBR 


BIIR LOC 08.JllCT 


3FOO OOOOC241C3S12148 
3FlO 5!BlD81C434A31S4 
3r20 
5BIABSF88D3C2451 
3r:1O 66BOB9DI5F1I3F49 
3140 I2A11t'6B76Dr27636 
arso 65A870AC!4DA9419 
3r60_6186D 
31'70 SrD9C8A84DA8IJ9D5 


3r80 


ASS_LT 
<XM'LllTBD, 


F"_MAI"_APIIDTB 


LIMB 
302 
303 
304 
30S 
306 
307 
308 
309 
310 
311 
312 
313 


NO BIIROR(S) roUND. 
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SOIJIICB 
STA'ImEIIT 


DCW 
0, 
16834, 
24259, 
18466, 
3182,-13029,-21886,-19657 
OCW 
-7842, 
7384, 
19011, 
21553, 
13425, 
-19!58,-17103,-23821 
OCW 
-17829, 
-1819, 
15501, 
24356, 
19816, 
4710,-12341,-22232 
OCW 
-20379, 
-8619, 
700'1, 
18751, 
21383, 
13668, 
-1067,-1_ 
OCW 
-23166,-18442, 
-3475, 
13942, 
240S9, 
20990, 
6442,-11290 
OCW 
-22427,-21392, 
-91500, 
6648, 
18708, 
21475, 
13892, 
-4S4 
OCW 
-14933,-22456,-18712, 
--4840, 
12317, 
23391, 
21861, 
822S 
OCW 
-9889,-22328,-22451,-10791, 
5867, 
18749, 
21861, 
14281 


BND 


270189-52 


_.l 
• 


~ 
"U•N 
....• 
en 


•• RBSIIlIVIll.סס008 
OOlAR 
RIG 
OOU8 
00018 
BYTII 
PLOT_SUIAL 
••• 
ClAP ••• 
OOlB8 
00018 
RIG 
00lCH 
0008H 
ABSOLUTB 
m_MAIII_APIIOTI 
OYRLT 
00248 
00358 
ABSOLUTB 
m 
RUN 
**OVIHLAI'** 
OVRLY 
00248 
00108 
ABSOLUTB 
PwT_SDIAL 
**OVIHLAI'** 
OVRLT 
00248 
OOOC8 
ABSOLUTB 
m_MAIII_APIIOTI 
••• 
ClAP ••• 
005911 
DOOm 
OVRLY 
005AH 
0006R 
WORD 
A20 _BurrBHING_ 
UTILITY 
RIG 
00608 
OOOC8 
WORD 
A20_BUFnRING_UTILITY 
RIG 
006CH 
00038 
IYTII 
m_MAIN_APIIOTI 
••• 
ClAP ••• 
006nI 
OOU8 
DATA 
00808 
00808 
ABSOLUTB 
m 
_MAIII_APII01'I 
STACI 
01008 
001B11 
WORD 
DATA 
OUU 
00808 
WORD 
rn_RUN 
••• 
ClAP ••• 
01918 
0062H 
DATA 
02008 
01408 
ABSOLUTI 
rrT_MAI/I_APII01'I 
••• 
ClAP." 
03408 
10C211 
CODI 
20028 
00028 
ABSOLUTB 
A2D_llIITBI!ING_ 
UTILITY 
••• 
GAP ••• 
20048 
007CH 
CODI 
20808 
01008 
ABSOLUTB 
m_MAIN_APIIDTI 
••• 
ClAP ••• 
22408 
00408 
CODI 
22808 
02158 
ABSOLUTI 
rn_RUN 
••• 
ClAP ••• 
24988 
00688 
CODI 
25008 
0168B 
ABSOLUTB 
PLOT_SUIAL 
CODII 
266811 
OOICH 
ITTI 
A2D_BorruING_UTILITY 
••• 
ClAP ••• 
271548 
10ACII 
COOl 
38008 
042AH 
ABSOLUTB 
rn_RUN 
••• 
ClAP ••• 
3C2AH 
00D68 
COOl 
3D008 
02808 
ABSOLUTB 
rrT_MAIN_APIIOTI 
••• 
GAP ••• 
3r808 
C080R 
270189-53 


Listing 3-Maln 
Routine (Continued) 


5-145 


intel· 
AP-275 


Severalconstants are then setup for other routines. The 
purpose of centrally locating these constants was the 
ease of modifying the operation of the routines. Note 
that AVR-NUM 
and SCALE_FACfOR 
must be 
changed at the same time. SCALE_FACTOR 
is the 
shift count used to divide each FFT output value before 
it is added to the output array. AVR-NUM 
must be 
less than 2"SCALE_FACfOR 
or an overflow could 
occur. Next, the public variables are declared for the 
arrays and a few other parameters. 


The program then begins by setting the stack pointer 
and waiting for the SBE-96 to finish talking to the ter- 
minal. If this is not done, there may be serial port inter- 
rupts occurring for the first twenty five millisecondsof 
program operation. 


Initialization of the plotter is next, followed by setting 
the FFT_MODE 
byte. This byte controls the graph- 
ing, loading and magnitude calculation of the FFT 
data. Since FFT_MODE 
is declared PUBLIC in this 
module, and EXTERNAL in the PLOT module and 
FFTRUN module, the extra bits available in this byte 
can be used for future enhancements. 


The next step is to clear the FFT output array. Since 
the FFT program can be set to average its results by 
dividing the output before adding it to the magnitude 
array, the array must be cleared before beginning the 
program. 


Data is then loaded into into the FFT input array by 
the code at LOAD_DATA, 
or the code at TABLE_ 
LOAD, depending on the value of FFT_MODE 
bit O. 
The tabled data located at DATAO is a square wave of 
magnitude I. This waveform provides a reasonable test 
of the FFT algorithm, as many harmonics are generat- 
ed. The results are also easy to check as the pattern 
contains half zeros, imaginary values which are always 
the same, and real values which decrease. Figure 13 
shows the output in fractions, hexadecimal and deci- 
mal. The hexadecimal and decimal values are based on 
an output of 16384being equal to 1.00. 


Note that the magnitude is 


SQR (REAL2 + IMAG2) 


and the dB value is 


10 LOG ( (REAL2 + IMAG2)/65536) 


The divide by 65536 is used for the dB scale to provide 
a reasonable range for calculations. If this was not 
done, a 32-bit LOG function would have been needed. 


After the data is loaded, the data is optionally win- 
dowed, based on FFT_MODE 
bit I, and the FFT pro- 
gram is called. Once the loop has been performed 
AVR-CNT 
times, the graph is drawn by the plot rou- 
tine. 


Appended to the main routine is the FFTOUT.M96 
Listing. This is provided by the relocator and linker, 
RL96. With this listing and the main program, it is 
possible to determine which sections of code are at 
which addresses. 


Using the modular programming methods employed 
here, it is reasonably easy to debug code. By emulating 
the program in a relatively high level language, each 
routine can be checked for functionality against a 
known standard. The closer the high level implementa- 
tion matches the ASM96 version, the more possible 
checkpoints there are between the two routines. 


Once all of the program routines (modules) can be 
shown to work individually, the main program should 
work unless there is unwanted interaction between the 
modules. These interactions can be checked by verify- 
ing the inputs and outputs of each module. The assem- 
bly language locations to perform the program breaks 
can be retrieved by absolutely locating the main mod- 
ule. The other modules can be dynamically located by 
RL96. 


The more interactive program modules are, the more 
difficult the program becomes to debug. This is espe- 
cially true when multiple interrupts are occurring, and 
several of the interrupt routines are themselves inter- 
ruptable. In these cases, it may be necessary to use de- 
bugging equipment with trace capability, like the 
VLSiCE-96. If this type of equipment is not available, 
then using I/O ports to indicate the entering and leav- 
ing of each routine may be useful. In this way it will be 
possibleto watch the action of the program on an oscil- 
loscopeor logic analyzer. There are several places with- 
in this code that I/O port toggling has been used as an 
aid to debugging the program. These lines of code are 
marked "FOR INDICATION ONLY." 
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intel· 
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K 
Fractional 
dB 
Decimal 
Hexadecimal 


REAL 
IMAG 
MAG2 
REAL 
IMAG 
MAG2 
REAL 
IMAG 
MAG2 


0 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
1 
0.0625 
-1.2722 
1.2738 
38.225 
1024 
-20843 
20868 
400 
AE95 
5184 
2 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
3 
0.0625 
-0.4213 
0.4260 
28.710 
1024 
-6903 
6978 
400 
E509 
1B42 
4 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
5 
0.0625 
-0.2495 
0.2572 
24.329 
1024 
-4088 
4214 
400 
F008 
1076 
6 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
7 
0.0625 
-0.1747 
0.1855 
21.491 
1024 
-2862 
3039 
400 
F402 
BOF 
8 
0.0000 
0.0000 
0.0000 
0.000 
0 
0 
0 
0 
0 
0 
9 
0.0625 
-0.1321 
0.1462 
19.421 
1024 
-2165 
2395 
400 
F78B 
95B 
10 
0.0000 
0.0000 
0.0000 
0.000 
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Figure 13. FFT Output for a Square Wave Input 


9.0 ANALOG 
TO DIGITAL 
CONVERTER 
MODULE 


can then be downloaded to another butTer, such as the 
input butTerto the FFT program. During downloading, 
this module can convert the data into signed or un- 
signed formats, and fill a linear or a paired array. A 
paired array is like the one used in the FFT transform 
program. It requires N data points placed alternately in 
two arrays, one starting at zero and the other at N/2. 


The module presented in Listing 4 is a general purpose 
one which converts analog values under interrupt con- 
trol and stores them in one of two butTers.These butTers 
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; Cboo.e 
liDellr 
or -paired 
LD 
deot_ptr. 
'DIST_Burr_BASI 
LDB 
100p_COlIDt.'Burr_LIINIITII 
JIB 
Coatrol_A2D, 
LiD_Par. 
Lb•• r_data_loop 


PAllIID: SBRB 
100p_COUIlt.'1 
'!he poired data rouU __ 
1/2 
_ 
....,. 
100p0 •• the uapaired 
Paired_Date_loop: 
LD 
odudt-a. 
[orc_ptr)+ 
ST --a.[deot-ptrJ 
ADD' 
daat_ptr ••• urr_LINIlTR 


i Move eveD 
word 


tencth = , ot ••••rda = 1/2 , ot bytaa 


odudt-a. 
[orc-ptrJ+ 
odudt-a. 
[deot_ptrJ+ 
deet_ptr .'Burr_LINIlTII 


LD 
ST 
SUB 


; Moveodd ••••rd 


JIJXZ 
loop_COUDt. 
Paired_Data_loop 
Loop IIDU1 doae 


CALL 
CoDvert Data 
HIT 
- 


Liuear_Data_loop: 


LD 
odudt-a. 
[orc-ptr)+ 
ST 
odudt-a. 
[deet_ptrJ+ 


_ 
data liuear1y 


loop_count, 
LiDear_Data_loop 
JIJXZ 
LoopIIDtiI _ 


CALL 
Convert Data 
HIT 
- 
.eJect 
270189-60 


_.er 
• 


~ 
"U. 
I\) 
...., 


U'I 


_. 
cC 
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M.IClIOASS_LIR 
A2D_lurJ'lUlIIIIUITILITY 
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p- 
8 
I 
I 
• 


IIRR WC 
OIIJICT 
LINI 
SOURCESTATIIMIIIIT 
251 
0041 
252 
CoDVert_Data: 
j Couvert the data 
in the "ttDation 
buffer 
253 
0041 
A1400004 
R 
254 
LD 
loop _cowt, 
.IDrF_LIIIGTII 
0045 
A1000000 
I 
255 
LD 
orcJ'tr,ftIST_IDrF_IASI 
256 
0049 
A20000 
a 
257 
AaaiD: 
LD 
aduclt.-pO, 
[orcJ'trJ 
004C 7lCOOO 
R 
258 
ANDI 
aducIt.-pO, 
.11000000I> 
004r 
330909 
a 
259 
.1IIC 
Cootro1_A2D, 
urora, 
Uoai •••••••__ 
ult 
r- 
260 
iii" 
0052 
261 
SilDed __ 
..rt: 
- 
0052 
69107roo 
a 
262 
SUB 
aducIt.-pO,nfe08 
3" 
0066 
0.0100 
a 
263 
SBRA 
adudt.-pO,~bift_COIlDt 
C 
00592003 
264 
Ba 
Jleplace_~1e 
t 


265 
0051 
266 
thJIIilDed __ 
..rt: 


0051 
080100 
R 
267 
SRR 
adudt.-pO, 
~bift_COIlDt 
- 
268 
0 
0051 
269 
Jlep1ace_Saop1e: 
C 
0051 
C20000 
R 
270 
ST 
aducIt.-pO, 
[orcJ'trJ+ 
0 
0061 
1004116 
a 
271 
DJIIZ 
loop_COUDt,Alaia 
; 
Loop \lOtil 
done 
0 
272 
» 
:;, 
0064 
ro 
273 
RlT 
~ 
< 
"U 
III 
274 
. 
CJ'I ~ 
275 
N 
.....• 
CJ'I 
III 
0065 
276 
COIIVert: 
i i Prepare 
to Start 
Ccmveniaa. 
Cl! 
..• 
277 
~ 
0065 
r2 
278 
PIlS8r 
0c: 
279 
~ 
0066 
918009 
R 
280 
ORB 
Cootro1_A2D, 
.1 •••,. 
j 
Ht 
COIlverter 
busy bit 
:;, 
281 
III 
0069 
B13r08 
R 
282 
LDB 
8a.ple_COUIIt,'BUfI'_LIDGIH 
- 1 
0 
006C Al000006 
I 
283 
LD 
top_of_b 
uffer,.lurro_BASE 
0 
0070 
Al800004 
B 
284 
LD 
~1,.(Burro_BASII 
+ 2*BDrF_LIIIGTII) 
3- 
286 
s 
0074 
350908 
R 
286 
.1IIC 
Coatrol_A2D. 
80_Bl. 
Start_Cooveraiona 
C 
0077 
Al000006 
11 
287 
LD 
top_of_b 
••ffer,.BDrFl_BASI 
CD 
.e, 
007B Al800004 
B 
288 
LD 
lIdIIct_l,.(Burrl_BASII 
+ 2oBDrF_LIIIGTII) 
289 
.eject 
270189-61 


1D1-96 __ 
La 


DR LOCoaJJCT 


OO'7r 


OO'7r el070900 


0083~ 


AD_ItrrnIIIlIIl_UfILlrt 


c 
&, 
001II OCOO 
• 
:J 
ID 
t 
0091581020200 
R 
01 
001I9 840.\02 
R 
0 
0 
0 


(J1 
:J 
. ~, 
00Al! C800 
R 
...•. 
(J1 ~ 
0> 
CD..• 
gl 
OOAAr3 
OOAl ro 
- 
S- 


CDa 
0:l 
do:l 
C 
<DS: 


I 


R 


L18 
290 
291 
ZII:I 
213 
2M 
290 
290 
297 
290 
2t8 
303 
304 
305 
306 
310 
311 
312 
313 
314 
31e 
318 
320 
321 
322 
323 
324 
328 
329 
330 
331 


IOUIICI I"""'" 


ItU't_COll••••.•iOM:- 
ADD 


..t__ 
.CODtrol_AD._lIlb 


_~.CLOCl.I_le-" 
••.iocl 


02/18/88 
PAIII 
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r.o.d_IIIO_~ 
Start_AD 


fOP 
t_ 


,l __ 
l_r 


.tart 
fint 
c:oaveniOll 
__ 
l.tt_f 
•.•• 
- 
ItU't 
AD at !_~ 


•• ta""",ofthoo_ 


•• t hooo.Ohi*" at COD""niOD 
.tU't 
tiM for atemal 
B/8 


_1. 
a2d iDterrupu 


.tart 
.eccmd convertiou 
ODe 
_le 
tiM 
frea the tint 


put _ 
back cm .tack 


,I ••••. hooo.Ofor exte•.••••l S/B 


270189-62 


r.o.d_II8O_C_ 
1I8O_0_hi*" 


OR 
t_.t202h 


ADD 
Ilduct~.S_le_Pariocl 


r.o.d_II8O_C-.I 
StU't_A2D 


PUSH 
~ 


Lo..t_II8O_C-.I 
1180_0_1 
••• 


fOt'r 
RI! 
"Jec:t 


--er 
• 


~."IN 
.....• 
UI 


riii- 
S- 
10 
t- 
0 
C 
(') 
0 
:::I 
~ 
< 
ID 
U1 ~ 
-..j 
ID.. 
::u 
0c- 
S- 
ID 
'0 
0 
a. 
:::Ic: 
(1).e, 


11::8-96 
IWlIIO 
ASS_LBR 


IRR 
LOO 
OIJICT 
OOAC 


OOAC 
OOAC r2 


OOAD C60600 
0080 
C60600 
GOB3 111070900 


OOB71OO809 
OOBA 1708 


OOBC 8110406 
oon Dr26 
0001 
F3 
0002 
PO 


0003 
00C3 
640AD2 
00C6 
880406 


ooor 
30080B 


OOD2 
OOD2 PO 


OOOB DFOC 
OODB F3 
OODC PO 


OODD 


0013 
DP02 
001II 
F3 
00B6 
PO 


OOB? 
00B7 
7171'09 
OOIA F3 
OOD 
PO 
001lC 


A2D_BUFr&IIIIIG_UTILI'rY 


I 
I 
I 


R 
R 


R 


R 
R 


R 


R 


SOUIICI STATDmiT 
CSBG 
LID 
332 
333 
334 
3311 
336 
337 
338 
339 
340 
341 
342 
343 
344 
3411 
346 
347 
348 
349 
3110 
3111 
3112 
3113 
3117 
3118 
3119 
360 
361 
362 
366 
367 
368 
369 
370 
371 
372 
376 
377 
378 
379 
3110 
381 
382 
383 
384 
3811 


A2D OOD 
Vector: 
- 
Posar 


Sft 
Sft 
ANDB 


DJIrl: 
IIICB 


CIF 
BI 
POPF 
l!IT 


~le_AII.in: 


ADD 
CM!' 
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; 
AID 
IIITIIIIIIIIPT JK)1JTINI 


11 
!op_ot_b utt ••.• 
POPr 
RI! 


Make_JIIO_bill>: 
Load_JIIO_C_ 
JIIO_0_8ill> 


11 
!op_ot_butt 
••.• 
POPF 
RI! 


ad_reeult_lo. 
[top_ot_butfer)+ 
ad] 
•••• lt_bi. 
[top_ot_butt.r)+ 
ad_-..d.CoDtro1_A2D.tOOOOOlllb 
; load 
cluumel 
DWIi>er 
• 
_le_COUDt. 
S_l._AlleiD 
_l._COIIDt 


top_of_butter.aduct_1 
; 
Check 
top 
at butf.r 
!op_ot_b utt ••.• 


Load_JIIO_C_ 
Start_A2D 


aduct-'l.~le]eriocl 
; Set 
next 
._le 
t;.e 
top_ot_butt.r. 
__ 
l 
; Check 
top 
at butter 
for 
later 
J••••• 


Top_of_butt 
••.• : 


ANDB 
Coatrol_A2D.'IIO'I'(B 
•• y) 
POPI' 
l!IT 


.JBC 
._le_COUIIt.O.IIake_JIIO_BiIl> 


Make_JIIO_1ow: 


nop 
Load_JIIO _c-xt JIIO_O_Low 


DD 


ASS_LT 
COFLIftD. 
110 _(8) 
POUND. 


I 


IMi t 
8 .t.t.. 
atter 
JIIO load 


Load 
for 
_,e 
at 
JIIO to 
trtfler 
S/8 


Load 
for 
_,e 
at JIIO to 
triaer 
S/8 


Clear 
converter 
BUSY bit 


270189-63 


_.er 


8 


~l' 
1'1) 
..•.• 
Cl! 


intel.. 
Ap·275 


The listing contains a fairly complete description of 
what the program does. The block by block operations 
are shown below: 


Lines 1-198 describe the program, declare the variables 
and set up equates. Several of these variables are de- 
clared as overlayable, so the user needs to be careful if 
using this module for other than the FFT program. 


Lines 205-210 declare a macro which is used to load the 
HSO unit. This will be used repeatedly through the 
code. 


Lines 212-253 determine 
whether 
a conversion 
or 
download has been requested. If a download has been 
requested, the data is downloaded to the destination 
array as either paired or linear data. Paired data has 
been described earlier. 


Lines 255-278 contain a subroutine which converts the 
destination array to either signed or unsigned numbers. 
The numbers are also shifted right to provide the de- 
sired 
full-scale 
value 
as 
requested 
by 
SHIFT_ 
COUNT. 


Lines 279-334 initialize the conversion routine. HSO.O 
is toggled with the start of each routine so that an ex- 
ternal sample and hold can be used. The instructions in 
lines 308,316, and 326 have been interweaved with the 
Load_HSO_Commands 
to provide the required 8 
state delays between HSO loadings. If this was not 
done, NOPs would have been needed. It is easier to 
understand 
the code if these lines are thought of as 
being gathered at line 326. 


Lines 337-353 are the actual AID interrupt 
routine. 


The AID results are placed BYTE by BYTE on the 
buffer, the AID is reloaded, and then the number of 
samples taken is compared to the number needed. Note 
that the AID command register needs to be reloaded 
even if the channel does not change. INCB on line 348 
is used to insure that the DJNZ falls through on the 
next pass (if sample_count 
is not reset). 


Lines 355-396 complete the routine. The HSO is set up 
to trigger the next conversion and provide the HSO.O 
toggle for an external sample and hold. Once again, the 
time between consecutive loads of the HSO is 8 states 
minimum. Note that this section of code has been opti- 
mized for speed by reducing branches to an absolute 
minimum and duplicating code where needed. 


This concludes the description of the A to D buffer 
module. In the FFT program, this module is run, then 
the FFT transform module, then the plot module. This 
allows variables to be overlaid, saving RAM space. The 
time cost for this is not bad, considering the printer is 
the limiting factor in these conversions. If more RAM 


was provided, and the FFT was run with its data in 
external RAM, this module could be run simultaneous- 
ly with the other modules. 


10.0 DATA PLOTTING MODULE 


The plot module is relatively straight-forward, 
and is 
shown in Listing 5. After the declarations, which in- 
clude overlayable registers, an initialization routine is 
listed. This separately called routine sets up the serial 
port on the 8096 to talk to the printer. In this case, the 
port has to be set for 300 baud. 


A console out routine follows. This routine can also be 
called by any program, but it is used only by the plot 
routine in this example. The write to port I is used to 
trace the program flow. The character to be output is 
passed to this routine on the stack. This conforms to 
PLM-96 requirements. 


Since all stack operations on the 8096 are 16-bits wide, 
a multiple character feature has been added to the con- 
sole out routine. If the high byte it receives is non-zero, 
the ASCII character in that byte is printed after the 
character in the low byte. If the high byte has a value 
between 128 and 255, the character in the low byte is 
repeated the number of times indicated by the least sig- 
nificant 7 bits of the high byte. 


The print decimal number routine is next. It is called 
with two words on the stack. The first word is the un- 
signed value to be printed. The second byte contains 
information on the number of places to be printed and 
zero and blank suppression. This routine is not over- 
flow-proof. The user must declare a sufficient number 
of places to be printed for all possible numbers. 


The DRAW_GRAPH 
routine provides the plot. It 
first 
sends a series of carriage 
return, 
line feeds 
(CRLFs) to clear the printer and provides a margin on 
the paper. Each row is started with the row number, 2 
spaces, and a "+". Asterisks are then plotted until 


Number of asterisks> 
FFT Value I PLOT_RES 


Recall that PLOT_RES 
is a variable set by the main 
program. When the number of asterisks hits the desired 
value, the value of the line is printed. If the Decibel 
mode is selected, the line value is divided by 512 and 
printed in integer + decimal part form, followed by 
"dB". 
If the number 
of asterisks reaches PLOT_ 
MAX, no value is printed. The next line is then started. 
A line with only a "!" is printed before the next plot 
line to provide a more aesthetic display on the printer. 
If a CRT was used, this extra line would probably not 
be wanted. 
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1CS-96 
MACROASS_LBR 
PIDT_SIIRIAL 
02/18/86 
PAGE 


SBRIBS-III 
IICS-96 MACROASS_LlR, 
Vl.O 


SOUIICBrILB: 
: r2: PIDTSP. A96 
OIIJBCT rILl: 
:r2:PIDTSP.OBJ 
COIlTllOLSSPlCIrIBD 
IH IIIVOOATIOHC<NWm: 
/tOSB 


11III toe 
OB.1BCT 


C 
IIJ- 
S- 
ea 


~ I 
':Z 
U1 
CD 
<0 
"V0- 
11:0 
~I 


ססoo 


ססoo 


0024 
0024 
0028 
0020 
0028 
0030 
0032 


ססoo 


LIHB 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 


SOUIICI STATDmIT 
$pe(el..,.th(50) 


PIDT_SIRIAL 
IIlDULI STAClSIZII (6) 


IDtel 
CorporatiOD, 
Deceoober 
12, 
1985 
by 
Ire 
HordeD, 
NCO 
AppUcation.o 


Tbi. 
p~ 
produce. 
a plot 
OD aerially 
coDDeCted printer. 
The 
..,iaitude 
of 
each 
of 
the 
32 iaput 
vallMe 
18 plotted 
borizoatally, 
with 
ODe 
"!" foll_ 
by a 
Uaefeed 
bet_ 
each 
plot 
Uue. 
Bach plot 
Uae 
atarta 
with. 
"+" and the entire 
plot 
be,iu 
with 3 line 
feeda ad eoda with. 
fOnl 
feed. 
The val •••• 
to 
be plotted 
are 
32 uaaicne<l 
worda 
baaed 
at 
the 
exteraally 
deftaed 
poiater 
PIDT_IH. 


The routiae 
IHIT_OUTPUT_t 
he 
MID 
to 
aet 
up the 
aerial 
port 
"""" 
the 
ayet. 
ia 
turaed 
00. 
COIUXlT can 
he uaed 
by a pro •••• 
to 
output 
to 
the 
aerial 
port. 
DRAH_GIIAPII18 the 
routine 
that 
aut_tically 
plota 
the 
data. 


Sid.., 
of 
the 
crar>h can 
be doae 
uai.., 
PIDT_RBS, which 
deterai_ 
how .aay 
uait. 
are needed 
tor 
each dot, 
and PLOT_MAl,which 
ia 
the ..x __ 
value 
the 
pro ••• 
will 
be 
puaed. 
Hote 
that 
(PIDT_IIAI/PIDT_RBS) 
defto •• 
the 
..,.i_ 
."er 
of 
col ••••• 
the 
routine 
will 
priot. 


RSIG 
IXTRII 
IXTRII 
apt.p: 


tocI, baud_re•. 
apccm, 
.petat, 
abuf, portl 


.sere, 
ex, bx, ex, ., 
rn_MODI 
dab 
1 


O61G at 
248 
value: 
del 
diviaor: 
del 
xptr: 
dew 
yptr: 
dew 
xval: 
dew 
lo._val: 
claw 


DSIO 
BITIIII 
PIDT_IH 


.eJect 
270189-64 


--er 
• 


~"• 
1'1)..., 
U1 


! 
s-e! 
~ 
ID 
'V 
01 
0' 
~ 
~ 
o 0 
CL5. 
ID 
g>~~. 


~ 


1«:8-96 
MACRO ASS_UDI 


ERR LOC 0II.1ICT 


2500 


2500 


2500 
112000 


0270 


0082 
006r 


.2503 
116FOO 
2506 
118200 


2509 
114900 
250C 112000 


250r 
ro 


PID'l_SERIAL 


LINI 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
115 
56 
57 
56 
59 
60 
61 
62 
63 
64 
65 


E 


I 
B 


B 
I 


SOURCESTA~ 


CSIO at 
25001 


PIlBLIC 
INIT_OUTPUT. 
CON_OUT. DIWUlIIAPIJ 
IITIIN 
PID'l_RlS. 
PID'l_RlS_2. 
PID'l_1IAI 


INlT_OUTPUT: 


02/18/86 
PAGII 
2 


PIIOOIIAM 
1DIUL1 llOIIIS 


INITIALIZI 
SERIAL 
PORT 


baud_va1 
equ 
624 


1<1> 
ioc1.1OO1000001 
; 
eat 
p2. 0 to 
txd 


; 624=300 
baud 
Cat 
12 _> 
~=rY~~i~>=~B 
SOl 


; Ht 
for ITALl clock 


_le 
rec:iver..,.se 
1 
•• t 
TI-bop 


270189-65 


Baud_hip 
baud_I •••• 
equ 
equ 


1<1> 
baud_ ••••• ~_l 
•••• 
1<1> 
baud_ ••••• ~_hip 


1<1> 
1<1> 


lilt 


_.t01OO1001b 
.pbop.tOO100000B 


.eject 


--er 


" 


:.l' 
N..., 
UI 


_. 
et 
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IRH toe 
OB.JICT 
LIMB 
SOUJICIISTATDm/IT 


66 
ff7 
68 
CONSOLIour 
IIOIITIMB 
69 
70 
Call 
with. 
word ~ter 
OD .tack. 
TIle 1_ 
byte 
_ 
tbe 
cboIrecter 
71 
to be aeat. 
If 
the 
hit!> 
byte 
_ 
a value 
bet_ 
81R Md 
8111I, 
the 
72 
character 
18 ~ted 
1 to 
126 tiMs 
re.pectively. 
Ooerepeat .em. 
73 
that 
the 
cboIrecter 
wU 1 be priDted 
2 tiMs. 
If 
the 
hit!> 
byte 
cODtaiDII 
74 
a value 
bet_ 
1 _ 
7n, 
the 
charater 
repreeeDted 
by that 
ulue 
will 
75 
be priDted 
after 
the 
cbaracter 
iD the 
low byte. 
If 
the 
hit!> 
byte 
76 
ccmtainll 
• value 
of 
zero 
only 
the 
low byte 
will 
be printed. 


77 
r 
2610 
78 
CON_our: 
it 
2610 
CCOO 
I 
79 
pop 
IOC 
; ex cootaioa 
the 
calliDa 
__ 
.. 
2612 CCOO 
1 
80 
pop 
cIx 
S' 
2614 
3roue 
I 
81 
Jbe 
cIx+1,7, ooechr 
; If bit 
1 i. eet 
print 
ODe character 
ca 
2617 
!I8OO91 
1 
82 
capb 
dx+l.zero 
I 


26IA or17 
B3 
Je 
0_ 


; if highbyte=O 
print 
one character 
B4 
:r 
261C 900000 
86 
twochr: 
orb 
aptllp •• petat 
i wait for Tl 


CD 
26lr 
3IIOOrA 
86 
Jbc 
.pap,!5, 
twocbr 


"0 
2622 
71OlOO 
87 - 


opbp,fUOlll11b 
i clear TI-bp 
~ 
~ 
0' 
21526 900000 
88 
orb 
zero,.~tat 
i n.ove 
poeaible 
t.la. 
Tt 
." 
.. 
89 
• 
~ I: 
2528 
1000OO 
90 
1<1> 
.buf,cIx 
~....• 
0 
2621 
100100 
91 
1<1> 
cIx,clx+l 
Load HCODd character 
C1I 
Do 
2621 
1101 
92 
clrb 
cIx+l 
clear 
COUDt byte 
e 
2630 
7l7rOO 
93 - 


cIx,f07m 
_k 
IEII 
iD 
94 
?i 
2633 
17111 
95 
ooechr: 
tocb 
clx+l 
0 
2635 
717rol 
96 - 


cIx+l,nm 
:::l 
2638 
900000 
97 
..tU: 
orb 
aptllp,.petat 
j _it for rr 
g- 
2638 
3500rA 
R 
98 
Jbc 
apt.p.!5.waitl 
c: 
26311 71OlOO 
R 
99 
...., 
opt.p,fllOlllllb 
j 
clear 
tI-t.IIiIp 
CD 
2541 
900000 
I 
100 
orb 
zero,apetat 
i r~ve 
poeaible f.la. 
TI 
.e, 


101 
2644 
1000OO 
1 
102 
Idb 
abut.dx 


2547 
100111 
1 
103 
DJNZ 
clx+l,_itl 
264A 1300 
I 
104 
BR 
[IOC] 
; Bffectively 
a lIT 
105 
106 
$eject 
270189-68 


~ 
Cl 
I\) 


r!s 
ec! 
':r 
ID~ 
0'.. 
iI:8. 
c 
iD 
~3. 
5'c 
(1)S 


/l;S-96 
MACROASS_LER 


IRR 
LOC 
OB.1lCT 


254<: 
254C ccoo 
1 
25410000 
1 
2550 ACOI00 
1 
2553 A300962528 
B 
25580024 
255A 
25SA 0126 
255C 8C2824 
255F 380017 
1 


2562 
980024 
1 
2565 
D70F 
2567 
2567 310003 
1 
256A 38280C 
2500 
3AOO15 
B 
2570 AlFOOO24 
2574 
2003 


2576 
910100 
1 
2579 
65300024 
257D 617ro024 
2581 C824 
2583 
2J'8B 
25815 A02624 
2588 
012A 
258A BOOA0028 
2588 
880028 
I 
2591 
D7C7 
2593 
2593 1300 
1 


2596 
2596 
00000loooAOO64OO 


PLOT_SIRIAL 


LIBI 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 


SOURCB STATBMBNr 
j--- 


02/18/86 
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PRINT 
DECIMAL 
IIIM!IR 
/IOIITIRI 


ex 
bx 
dx,bx+l 
divioor, 
divtab[ 
dx] 
value 


value+2 
value,diviaor 
bx,O,chr_ok 
value, zero 


DOD_O 


bx.l,prutap 
divi.ar,O,chr_ok 
bx,2,cont 
value,toroR 
chr_ok 


bx,fOOOlB 
value,.30h 
value ,17ft 
value 


COD_out 
value. "alue+2 
diviaor+2 
diviaor,'IO 
di vi.or. 
zero 
diY_loop 


[ex] 


Call 
with 
two worda OD atack. 
The first 
i. the 
value 
to 
be priDted.. 
The aecond 
bu 
JtOde iDto~tioD 
in 
the 
low byte. 
I«>DI: 
000 = auprees all 
zero. 
001 = pri.t 
all 
.Ullbere 
010 = auprsa 
all 
zerc» 
except 
rightlloat 
lxx 
= do Dot pri.t 
leadiD, 
blauka 


The hi.h 
byte 
of 
the 
2nd word = 2x the 
._r 
of 
places 
to 
be pr-Intied 


DIVTAB: 


Send Deciaal 
m_er 
to 
CON_OUT 


bx i. lIOde byte I 
bx+ 1 i. di vi.or 
pointer 


divide 
ax I dx by divisor 


print 
character 
re,ardleaa 
of value 


j 
JUIIP if 
value 
i. DOD zero 
Value 
ia 
zero 


j Print 
apace 
inatead 
ot 0 


; If 
iD rilh~t 
poaitiOD 
pri.t 
0 
Do not print 
apace 
it 
bit 
i. 
aet 
oroh+3Oh 
= 20H = apace 


j Set flag 
ao 0'. 
will 
be printed 
; 30h+. 
= ° to 
9 aacU 
send leaat ai, 
seven bita, 
clear 
upper word 


output 
eacU 
•.•• ult 
(reault(9) 
load value with 
re.aioder 


next lower power of ten 


, 
N&IIberof placea 
for rea,ult 
0, 
I, 
10, 
lOO, 
1000, 
1סס00; diviaor 
table 
- 
10_ 
270189-67 


PRINT_NlJI: 


pop 
pop 
ldbze 
Id 
pop 


div_loop: 


clr 
divu 
Jba 
aopb 
J.e 
Val_o: 


Jbc 
Jba 
prntap: 
Jba 
Id 
br 


nOD_O: 
orb 
cbr 
ok: 
add 
- 
and 
puah 
call 
coat: 
Id 
clr 
dlvu 
c.p 
J.e 
divdoDe: 


- 
br 


dew 


_.er 


8 


» 
"0 
IN 
.....•• 
Ut 


_.er 


I 
I • 
1Gi-96 
MACIIDASSIIeLBR 
PIDr_SmIAL 
02/18/86 
p- 
S 


IRR 
LOC 
0B.1ICT 
LINK 
SOOIICII STATDCIT 
154 
1155 
156 
157 
25A2 
158 
DIWUlIIAPII: 
: anopia 
-iDa 
routi8e 
25A2 
C9ODOO 
159 
_b - 
25A5 
2169 
ISO 
call 
COIl out 
25A7 
C90A82 
161 
_b 
I820AB 
." 
Cl ••••• 3 It- 
25AA 2164 
162 
call 
CON OUT 
25M: 
C90000 
163 
_b 
100- 
25Al m, 
164 
call 
CON_out 
165 
r 
25111 012C 
166 
clr 
xptr 
iii 
25113 0130 
167 
clr 
"""1 
.. 
2585 
166 
IIXT__ 
: 
5" 
25B5 
C90DOA 
169 
~ 
fOAODB 
; catr 
IQ 
25118 2F56 
170 
call 
CON OUT 
I 


25IIA C90000 
171 
_b 
tOOR 
i DuI 
:l5BD 2r!51 
172 
call 
CON~OUT 
173 
:r 
25Br 
C830 
174 
~ 
"",,1 
CD 
'V 
25Cl 
C9020A 
175 
_b 
I(OAOOll 
or 
00IOb) 
; .upreu 
all 
zeroe except 
riChtaoet 
» 
~ 
0" 
25C4 
2r86 
176 
call 
PBIIIT_NIII 
'U 
177 
I 
.. 
N 
0) 
iI: 
25C6 
C92020 
178 
~ 
12020B 
; PriDt 2 .pecee 
..•.• 
c.:l 
0 
25C9 
2'45 
179 
call 
CON OUT 
U1 
a. 
25CII C92IIOO 
180 
_b 
f2IIR 
: + 
C 
25CII 2'40 
181 
call 
COD_out 
iD 
182 
'0 
2500 
Aloooo211 
I 
183 
Id 
yptr.IPLOT_RBS_2 
: PLOT_RBS_2 = PIDr_RBS/2 
0 
184 
: PLOT_lIS 
ia 
defiDed 
7 
It- 
_ 
a. 
186 
s 
2504 
186 
IIXT_COL: 
; JIext Colt-. 
C 
2554 
882DOOOO211 
1 
187 
ClIP 
wtr. 
PLOT_III[xptr 
J 
CD 
25D9 
D911 
188 
jb 
PRT_NIII 
B 
25DB 
189 
PRT_II!: 
: 
Prbot 
IIIIrk 
25D8 
C92AOO 
190 
p..h 
f2A8 
25DI 
2r30 
191 
call 
CON_OUT 
2510 
192 
INC_CNT: 


2510 
65000021 
I 
193 
add 
yptr.WLOT_RBS 
: 
PLOT_lIS 
=D_ of 
input. 
per 
output 
point 
2514 
890000211 
I 
194 
ClIP 
wtr.IPIDr_1IAX 
: 
PLOT__ 
= _t.. 
11 •••• leocth 
25m 
DlIA 
195 
job 
oxt 
col 
251A 
2D4r 
196 
br 
IIXTLH 
197 
.eject 
270189-68 
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_.er 
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MACROASSBMBLBR 
PLOT_SIRIAL 


IRR LOC 
OBJICT 
LINE 
SOUR::I STATBMBNT 


198 
251C 
199 
PRT_NIJI: 


25BC 89000028 
I 
200 
cap 
yptr,.PLOT_BBS_2 
; If 
value 
ia 
lee. 
then ainmu. 
needed 
25ro 
D'49 
201 
be 
NXTLII 
; for a plot, 
do not print 
value 
202 
2512 
C92020 
203 
puah 
.20208 
i print 
2 apace. 
then value 
25r5 
2Fl9 
204 
call 
COD 
out 
251'7 
380008 
I 
205 
JBS 
ITT)IODI, 
3, dIU'oc!e 


206 
251A 
207 
nOI'W_aode: 


251A CB2D0000 
I 
208 
puah 
PLOT_IN(xptr] 
2511 
C9000A 
209 
puah 
'(OA008 
or 
ooooB) 
i aupreaa all 
zeros 
r 
2601 
2149 
210 
cell 
~i~-NIJI 
! 
2603 
2036 
211 
BR 
212 
5" 
2605 
213 
db_8Ode: 
ca 
2605 
A32DOOOO28 
I 
214 
Id 
yptr,plot_in(xptr) 
; PLOT_IN = 512*l0*LOG(x) 
! 


260A080128 
215 
ahr 
yptr,'l 
; 
yptr=265 
* 10LOG(x) 
260D 
AC2100 
I 
216 
lci)ze 
ex,yptr+I 
; 0= 
10LOG(x) 
= yptr/256 
:r 
217 


CD 
2610 
C800 
B 
218 
~ 
0 
; Print 
AX 


'1J 
2812 
C9020A 
219 
puah 
'(OAOO8 
or 
0010B) 
i aupreea all 
but riahtltOllt 
zero 
~ 
~ ~ 
2615 
2f36 
220 
call 
PRINT_NIJI 
"0 
2617 
C92BOO 
221 
puah 
.218 
; DeclMl 
point 
, 
Cl) 
== 
261A 
2814 
222 
cell 
COD_out 
N 
....• 
-I'>- 
0 
223 
UI 
Q. 
261C 
B02801 
I 
224 
Idb 
ax+I,yptr 
j hip 
byte of ax = fractional 
portion 
of 
C 
2611 
llOO 
B 
225 
clrb 
ex 
; 
10LOG(x) 
iD 
226 
'0 
2621 
60860300 
It 
227 
•• lu 
_,'3168 
j 
if 
ax=FrOOH then 
ax+2 now = 998 dec~l 
0 
2625 
370102 
B 
228 
Jbc 
ax+l, 
7,DO_rnd 
3- 
2628 
0700 
B 
229 
inc 
dx 
j 
round value 
up 
S' 
230 
c: 
262A C800 
I 
231 
no]nd: 
puah 
dx 
; 
dx=ax+2 
<D 
2620 
C80106 
232 
puah 
'(6008 
or 
ooolB) 
j print 
all 
nUllbera 
to three 
pl&eell 
S 
2621 
2118 
233 
call 
Print_n_ 
2631 
C92000 
234 
puah 
.208 
j 
apace 
2634 
2BDA 
236 
call 
COD_out 
2636 
C96442 
236 
puah 
t4264R 
i "dB" 
2639 
2B05 
237 
call 
COD_out 
238 
239 
.eJect 
270189-69 


1Il8-96 
_ 
ASS_LIR 
PLOT_SBJIIAt 
la 
LOC 
oaJJCT 
LIN! 
SOIJJICI STA-.r 
240 
241 
2631 
C90DOA 
242 
NlTUI: 
~ 
fOAODB 
2631 
2IDO 
243 
call 
COlI_OUT 
2640 
C90000 
244 
~ 
toOB 
2643 
2ICI 
246 
call 
COlI_OUT 
_ 
C92086 
246 
~ 
I8620B 
2648 
2IC6 
247 
call 
COlI_OUT 
284' 
C9Z1DO 
248 
_b 
tlUB 
264D 
ZlCl 
249 
call 
COD_out 
2110 
264r 
0730 
251 
1Dc 
"".1 
r- 
2851 
8I502OO2C 
2152 
-.Id 
xptr.12 
iii 
2655 
11931002C 
253 
c:.p 
xptr,t62 
:: 
2859 
D20227fl8 
264 
! 
bl. 
met_row 
:J 
2155 
Cl 
285D 
C90DOA 
256 
Done: 
_b 
fOAODB 
I 


2660 
2IM 
257 
call 
COlI_OUT 
2662 
C9000C 
2fl8 
_b 
tocOOJI 
:r 
26615 2IA9 
259 
call 
COD_out 


CD 
260 


"V 
2667 
ro 
261 
an 
~ 
0' 
2668 
262 
BIID 
- 
(J) 
~ 
AIlS_LT 
COIFI.I1'ID, 
110 IBIIOR(S) 
roUND, 
<.n 
0 
Q. 
C 
iD 
0 
03- 
S' 
e: 
CDa 
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Set •••• for _ 
li_ 
eBU 


DUI 


7~ 


Start 
print 
1111 DeXt row 


CRLJ' 
; For. feed. 
tor DeXt fnlph 


Dull.rr 


270169-70 


_.er 
• 


:r.l' 
N 
....• 
Cl! 
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At the end of the plot, a form feed is given to set the 
printer up for the next graph. Our printer would fre- 
quently miss the character after a CRLF. To solve this 
problem, a null (ASCII 0) is sent after every CRLF to 
make sure the printer is ready for the next line. This 
has been found to be a problem with many devices run- 
ning at close to their maximum capacity, and the nulls 
work well to solve it. 


With the plot completed, the program begins to run 
again by taking another set of A to D samples. 


11.0 
USING THE FFT PROGRAM 


The program can be used with either real or tabled 
data. If real data is used, the signal is applied to analog 
channel I. The program as written performs AID sam- 
ples at 100 microsecond intervals, collecting the 64 
samples in 6.4 milliseconds. This sets the sampling win- 
dow frequency at 156 Hz. If tabled data is used, 64 
words of data should be placed in the location pointed 
to by DATAO in the TABLE_LOAD 
routine of the 
Main Module. 


Program control is specified by FFT_MODE 
which is 
loaded in the main module. Also within the main mod- 
ule are settings which control the A to D butTerroutine 
and the Plot routine. The intention was to have only 
one module to change and recompile to vary parame- 
ters in the entire program. 


The program modules are set up to run one-at-a-time so 
that the code would be easy to understand. Additional- 
ly, the Plot routine takes so long relative to the other 
sections, that it doesn't pay to try to overlap code sec- 
tions. If this code were to be converted to run a process 
instead of print a graph, it might be worthwhile to run 
the FFT and the AID routines at the same time. 


If the goal of a modified program is to have the highest 
frequency sampling possible, it might be desirable to 
streamline the AID section and run it without inter- 
ruption. When the A to D routine was complete the 
FFT routine could be started. The reasoning behind 
this is that at the fastest AID speeds the processor will 
be almost completely tied up processing the AID infor- 
mation and storing it away. Using an interrupt based 
AID routine would slow things down. 


A set of programs which will perform a FFT has been 
presented in this application note. These programs are 
available from the INSITE users library as program 
CA-26. More importantly, dozens of prograrning exam- 
ples have been made available, making it easier to get 
started with the 8096. Examples of how to use the hard- 
ware on the 8096 have already appeared in AP-248, 
"Using The 8096". These two applications notes form a 
good base for the understanding of MCS-96 microcon- 
troller based design. 
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12.0 APPENDIX 
A - MATRICES 


Matrices 
are 
a convenient 
way 
to express 
groups 
of 
equations. 
Consider 
the 
complex 
discrete 
Fourier 
Transform 
in equation 
9, with N = 4. 
3 


Yn = L X(k) wnk 
n =,0,1,2,3 


k=O 
This can be expanded 
to 


Y(O) = X(O) WO + X(1) WO + X(2) WO + X(3) WO 
Y(1) = X(O) WO + X(1) W1 + X(2) W2 + X(3) W3 
Y(2) = X(O) WO + X(1) W2 + X(2) W4 + X(3) W6 
Y(3) = X(O) WO + X(1) W3 + X(2) W6 + X(3) W9 


In matrix 
notation, 
this is shown 
as 


[ ~:~~1 
[:~:~:~:~ 
1[ ~:~~1 
Y(2) 
WO 
W2 
W4 
W6 
X(2) 
Y(3) 
Wo 
W3 
W6 
W9 
X(3) 


The first step to simplifying 
this is to reduce 
the center 
matrix. 
Recalling 
that 


WN = WN MOD N 
and 
Wo = 1 


The matrix 
can be reduced 
to have less non-trivial 
rnul- 
tiplications. 
[ 


Y(O) 


1 [ i 


1 
1 
1 ][ 


X(O) 


1 


Y(1) 
W1 
W2 
W3 
X(1) 
Y(2) 
W2 
WO 
W2 
X(2) 
Y(3) 
W3 
W2 
W1 
X(3) 


The square 
matrix 
can be factored 
into 


[ 


Y(O) 1 [ 1 WO 0 
0 1[ 1 0 WO 
0 1[ X(O)1 
Y(2) 
_ 
1 W20 
0 
0 1 
0 
WO 
X(1) 
Y(1) 
- 
0 
0 
1 W1 
1 0 W2 
0 
X(2) 
Y(3) 
0 
0 
1 W3 
0 1 
0 
W2 
X(3) 


For 
this 
equation 
to work, 
the 
Y(I) 
and 
Y(2) 
terms 
need to be swapped, 
as shown 
above. This procedure 
is 
a Bit Reversal, 
as described 
in the text. 


Multiplying 
the two rightmost 
matrices 
results 
in 


X(O) + X(2) WO 
X(1) + X(3) WO 
X(O) + X(2) W3 
X(1) + X(3) W2 


requiring 4 complex 
multiplications 
& 4 complex 
additions 


Noting 
that 
WO = - W2, 
2 of the complex 
multiplica- 
tions can be eliminated, 
with the following 
results 


X(O) + X(2) WO 
X(1) + X(3) WO 
X(O) - 
X(2) WO 
X(1) - 
X(3) Wo 


requiring 
2 complex 
multiplications 
and 4 complex 
additions 


Since WI 
= - w3, 
a similar 
result 
occurs 
when 
this 
vector 
is multiplied 
by the 
remaining 
square 
matrix. 


The resulting 
equations 
are: 


Y(O) = (X(O) + X(2) WO) + Wo (X(O) + X(3) WO) 
Y(2) = (X(O) + X(2) WO) - 
Wo (X(1) + X(3) WO) 
Y(1) = (X(O) - 
X(2) WO) + W1 (X(1) - 
X(3) WO) 
Y(3) = (X(O) - 
X(2) WO) - 
W1 (X(1) - 
X(3) WO) 


The number 
of complex 
multiplications 
required 
is 4, as 


compared 
with 
16 for the unfactored 
matrix. 


In general, 
the FFT 
requires 


N' 
EXPONENT 
2 
complex 
multiplications 


and 
N • EXPONENT 
complex 
additions 


where 
EXPONENT 
= Log2 N 


A standard 
Fourier 
Transform 
requires 


N2 complex 
multiplications 


and 
N(N -1) 
complex 
additions 
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13.0 APPENDIX 
B - PLOTS 


The following plots are examples of output from the 
FFf 
program. These plots were generated using tabled 
data, but very similar plots have also been made using 
the analog input module. Typically, a plot made using 
the analog input module will not show quite as much 
power at each frequency and will show a positive value 
for the DC component. This is because it is difficult to 
get exactly a full-scale analog input with no DC offset. 
Plot I is a Magnitude plot of a square wave of period 
NT. 


Plot 2 is the same data plotted in dB. Note how the dB 
plot enhances the difference in the small signal val- 
ues at the high frequencies. 
Plot 3 shows the windowed version of this data. Note 
that the widening of the bins due to windowing 
shows energy in the even harmonics that is not 
actually present. For data of this type a different 
window other than Harming would normally be 
used. Many window types are available, the selec- 
tion of which can be determined by the type of 
data to be plotted) 


Plot 4 shows a sine wave of period NT!7 
or fre- 
quency 7/NT. 
Plot 5 shows the same input with windowing. Note the 
signal shown in bins 6 and 8. 


Plot 6 shows a sine wave of period NT!7.5. Note the 
noise caused by the discontinuity as discussed ear- 
lier. 
Plot 7 uses windowing on the data used for plot 6. Note 
the cleaner appearance. 
Plot 8 shows a sine wave input of magnitude 0.707 and 
period NT!7.5. 
Plot 9 shows same input with windowing. 
Plot 10 shows a sine wave of magnitude 0.707/16 and 
period NT/ll. 


Plot II shows the same input with windowing. Note 
that there is no power shown in bins 10 and 12. 
This is because at 6 dB down from 3 dB they are 
nearly equal to zero. 
Plot 12 uses the sum of the signals for plots 8 and 10 as 


inputs. Note that the component at period NTlll 
is almost hidden. 


Plot 13 uses the same signal as plot 12 but applies win- 
dowing. Now the period component at NTIII can 
easily be seen. The Harming window works well in 
this case to separate the signal from the leakage. If 
the signals were closer together the Hanning win- 
dow may not have worked and another window 
may have been needed. 
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o 


1 
2 


3 


4 


5 


6 


7 


8 


9 


10 
11 


12 


13 
14 
15 


16 
17 
18 
19 
20 
21 
22 
23 
24 


25 
26 
27 
28 
29 
30 


31 


+I+*******************************.**************.************************.********** 
I 
t+******** ••**.*.************ 
I 
+ 
!.*********.***** 
I+!..•......... 
I 
+ 
!***** •••• 
I 
+!.**••**** 
I 
+ 
!**••*** 
I 
+ 
!****** 
I 
+ 
l*-.*. 
I 
+ 
!***.* 
I 
+!...*- 
I 
+!.. 
*- 
I 
+!.... 
I 
+!*••• 
I+l.... 
! 
+!.... 
! 


6978 


4214 


3038 


2394 


1991 


1718 


1524 


1381 


1274 


1192 


1131 


1086 


1054 


1033 


1024 
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Plot 1-Magnltude 
Plot of Squarewave 
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20868 


12 
13 


14 


15 
16 


17 
18 
19 
20 
21 
22 
23 


24 
25 
26 


27 


28 
29 
30 
31 


+ 
!******* •• ************ •••••• *.**** 
! 
+I 
+**.***** ••*** •••• ************ •• 
I 
+!+*.*****.* •••• **************** 
! 
+ 


!******************* 
••******* 
! 
+ 
!.****.*****.*** ••****** •••• 
I 
+!•••••••••• ***************.* 
! 
+ 
!**••********************. 
! 
+ 
!**••******.*** ••****** ••• 
! 
+ 
!.********* •••• ********** 
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• Sin (11X) with Window 
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THE MCS®·96 
ANALOG 
ACQUISITION 
PRIMER 


INTRODUCTION 


As technology advances, embedded control applica- 
tions continue to reduce chip-count and demand micro- 
controllers with increased features to assist system-cost 
reduction. Since every embedded control application in- 
terfaces with the physical world, and the physical world 
is an analog process, it was inevitable that microcon- 
trollers would include integrated analog acquisition ca- 
pabilities. 


The first such integration of standard microcontroller 
and AID converter occurred on Intel's 8022 in 1978. 
This opened the door to cost reduction of high volume 
applications that required analog inputs. The device fit 
well into applications that needed processing of analog 
data. But this chip, with its 8-bit CPU, could not per- 
form in high-end applications requiring analog inputs, 
or in applications that had computationally demanding 
analog tasks. 


With the introduction of the MCSIX>-96family of 16-bit 
microcontrollers in 1982, the combined CPU and AID 
performance became available to greatly reduce the sys- 
tem cost of mid- and high-performance embedded con- 
trol applications. These are applications which were 
customarily implemented with 16-bit microprocessor 
chip-sets teamed with analog acquisition chip sets. 


There are less obvious avenues for system cost reduc- 
tion when a 16-bit CPU is teamed with an on-chip ana- 
log acquisition system. For example, closed-loop servo 
control had been implemented almost exclusively by 
using analog methods. When an MCS-96 device is de- 
signed into such an application, it is not only replacing 
a microcontroller 
or microprocessor, but it also re- 
places closed-loop analog circuitry which never before 
came in contact with the digital system. 


To take full advantage of this new level of integration, 
digital designers must become familiar with analog ac- 
quisition, and analog designers must become familiar 


with digital methods of processing analog signals. This 
Application Note assists with the first task-under- 
standing of an analog acquisition system. 


Designers experienced with analog design, or analog 
acquisition systems, may find no revelations herein. To 
those unfamiliar with analog acquisition systems, this 
Ap Note provides a tutorial on the subject and will 
serve as a handy reference. 


Answering the limitless number of analog circuit design 
questions is beyond the scope of this Ap Note. Suffice it 
to say that the effort placed on the design of analog 
circuits should increase with a decreasing error budget. 


At a minimum, the applications literature of op-amp 
manufacturers and analog design manuals are a good 
place to start. Furthermore, 
the applications literature 
of monolithic analog acquisition system manufacturers 
should be consulted since the suggestions presented 
therein are largely transportable to any AID system. 


This Ap Note is organized in the following sections. 
The components of an analog acquisition system and 
the errors associated with each is first explained. Then, 
interfacing suggestions and ideas for getting more reso- 
lution 
are presented. 
Finally, 
a set of appendices 
provides back-up information, a bibliography, actual 
converter data and some program listings. 


The definitions of terms used, and the examples pre- 
sented, are drawn from the body of applications litera- 
ture publicly available on the components of an analog 
acquisition system. There is usually no single meaning 
for a particular term or specification used to describe 
analog acquisition. However, there is, in most cases, a 
generally accepted definition which is most often used. 
To the extent possible, we have adopted the most used 
definition. To avoid any ambiguity, Appendix A lists 
the dictionary of terms as used to refer to the analog 
acquisition systems of MCS-96 devices. 


For any users of an MCS-96 analog acquisition system 
(experienced or not), this document contains very use- 
ful information. 
It should be considered mandatory 
reading in addition to the latest Embedded Controller 
Handbook and MCS-96 data sheet for the actual device 
in use prior to the actual design. 
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WHAT 
IS AN ANALOG 
ACQUISITION 
SYSTEM? 


An analog acquisition system is a collection of individu- 
al units which, when logically configured, form a sys- 
tem capable of converting an analog input to a digital 
value. 


The typical components of an Analog Acquisition Unit 
(Figure 
I) include 
an Analog-to-Digital 
Converter 
(AID), a Sample-and-Hold (S/H) and an Analog Mul- 
tiplexer (MUX). The AID converts the infinitely vary- 
ing analog voltage present on the S/H into a digital 
representation for use by the digital system. The S/H is 
required so a "snapshot" 
of a changing analog input 
can be stored for conversion by the AID. The MUX is 
used to leverage the investment in the AID by allowing 
a large number of isolated analog input channels to use 
the same converter. 


The conversion result of an MCS-96 device is a IO-bit 
ratiometric 
representation 
of the input voltage. This 
produces a stair-stepped 
transfer function when the 
output 
code 
is plotted 
versus 
input 
voltage. 
See 
Figure 2. 


The resulting digital codes can be taken as simple ratio- 
metric information, or they can be used to provide in- 
formation about absolute voltages or relative voltage 
changes on the inputs. The more demanding the appli- 
cation is on the AID converter, the more important it 
is to fully understand 
the converter's operation. For 
simple applications, knowing the absolute error of the 
converter is sufficient. However, controlling a closed 
loop with analog inputs necessitates a detailed under- 
standing of an AID converter's operation and errors. 


The errors inherent in an analog-to-digital conversion 
process are many: quantizing error; zero offset; full- 


scale error; differential non-linearity; and non-linearity. 
These are "transfer function" errors related to the AID 
converter. In addition, the S/H and MUX may induce 
channel dissimilarities and sampling error (described 
later). 


Fortunately, 
one "Absolute 
Error" 
specification 
is 
available which describes the sum total of all deviations 
between the actual conversion process and an ideal con- 
verter. The various sub-components of error are, how- 
ever, important in many applications. These error com- 
ponents are described in Appendix A and in the text 
below where ideal and actual converters are compared. 


AID Converter 


There are at least three well-recognized methods for 
converting an analog voltage to a digital value-flash, 
dual slope and successive approximation. 


Flash AIDs are the fastest, and most expensive con- 
verters for a given accuracy. Flash converters typically 
resolve bits of the result in parallel to achieve fast con- 
versions. Flash converter speeds are measured in tens- 
of-nanoseconds. 


Dual slope converters are the slowest, but most accu- 
rate. Dual slope conversion is rather insensitive to noise 
on the input, but conversion times are measured in 
milliseconds. 


Successive approximation 
converters 
provide a bal- 
anced tradeoff between speed and accuracy. Successive 
approximation conversion times are measured in tens- 
of-microseconds, and converter 
implementations 
are 
very economical for a given accuracy. 
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Figure 1. An Analog Acquisition 
System 
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Figure 2. Ideal AID Characteristic 


MCS-96 converters use successive approximation. 
A 
successive approximation conversion is performed by 
comparing a sequence of reference voltages to the ana- 
log input in a binary search for the reference voltage 
that most closely matches the input. The 'I. full-scale 
reference voltages is the tested first, This corresponds 
to a IO-bit result where the most significant bit is zero, 
and all other bits are ones (0111 IIII 
lib). If the ana- 
log input is less than the test voltage, bit 10 of the result 
is left a zero, and a new test voltage of 'I. full-scale 
(OOlI 1I1I lIb) is tried. If this test voltage is lower 
than the analog input, bit 9 of the result is set and bit 8 
is cleared for the next test (0101 1111 11b). This binary 
search continues until 10 tests have occurred, at which 
time the valid IO-bitconversion result resides in a regis- 
ter where it can be read by software. 


The voltages used during the binary search are generat- 
ed from an internal Digital-to-Analog Converter simi- 
lar to Figure 3. The figure shows eight resistors being 
used as a three-bit D to A. The first resistor tap is taken 
from the center of the first resistor to guarantee that a 
zero input voltage will always output a zero code. Each 
successive 
tap 
then 
provides 
a 
reference 
voltage 


VREF/8 (one LSB) from the previous tap. When the 
analog input is above the voltage of the seventh tap, the 
AID will resolve to its full-scale value of III b. There- 
fore, an eighth tap is not needed, and the AID's IlOb to 
Illb 
code transition will occur when VANIN 
equals 


VREF - 
1 'I. LSB. 


The first error seen in this process is unavoidable, and 
results from the conversion of a continuous voltage to 
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Figure 3. A Three-Bit 
D-to-A 


an integer digital representation. This error is called 
quantizing error, and is always ±0.5 LSB. Quantizing 
error is the only error seen in a perfect AID converter, 
and is obviously present in actual converters. Figure 2 
shows the transfer function for an ideal 3-bit AID con- 
verter (i.e. the Ideal Characteristic). 


Note that in Figure 2 the Ideal Characteristic possesses 
unique qualities: it's first code transition occurs when 
the input voltage is 0.5 LSB; it's full-scale code tran- 
sition occurs when the input voltage equals the full- 
scale reference minus 1.5 LSB; and it's code widths are 
all exactly one LSB. These qualities' result in a digitiza- 
tion without offset, full-scale or linearity errors. In oth- 
er words, a perfect conversion. 


Figure 4 shows an Actual Characteristic of a hypotheti- 
cal 3-bit converter which is not perfect. When the Ideal 
Characteristic is overlaid with the imperfect character- 
istic, the actual converter is seen to exhibit errors in the 
location of the first and final code transitions and code 
widths. The deviation of the first code 'transition from 
ideal is called "zero offset". The deviation of the final 
code transition from ideal is "full-scale error". 


The deviation of the code widths from ideal causes two 
types of errors. Differential Non-Linearity 
and Non- 
Linearity. Differential Non- Linearity is a local lineari- 
ty error measure, whereas Non-Linearity is an overall 
linearity error measure. For example, Figure 5a shows 
a transfer function with a large differential non-lineari- 
ty and a little non-linearity. 
In contrast, 
Figure 5b 
shows a characteristic with small differential errors but 
a large overall linearity error. 


Differential Non-Linearity is the degree to which actual 
code widths differ from the ideal width. Differential 
Non-Linearity gives the user a measure of how much 
the input voltage may have "hanged in order to pro- 
duce a one count change in the conversion result. 


If the absolute value of an input voltage is less impor- 
tant than the amount that the input changes, the differ- 
ential non-linearity (DNL) specification of a converter 
is very important. For example, if the differential non- 
linearity of a converter is less than ± 0.5 LSB, a one 
count change in the digital result means that the input 
voltage changed at most 1.5 LSB (1 LSB ideal ± 0.5 
LSB DNL). This is a much more accurate description 
of the input voltage change than would be available if 
the differential non-linearity of the converter was not 
known. 
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Figure 4. Actual and Ideal Characteristics 
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Figure 5. Types of Linearity 
Errors 
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Non-Linearity 
is the worst case deviation 
of code tran- 
sitions 
from 
the corresponding 
code transitions 
of the 
Ideal 
Characteristic. 
Non- 
Linearity 
describes 
how 
much 
Differential 
Non-Linearities 
could 
add 
to pro- 
duce an overall maximum 
departure 
from a linear char- 
acteristic. 


If 
the 
Differential 
Non-Linearity 
errors 
are 
large 
enough, 
it is possible 
for an AID 
converter 
to miss 
codes or exhibit 
non-monotonicity. 
Neither 
behavior 
is 
desirable 
in a closed-loop 
system. 
A converter 
has no 
missed 
codes 
if there 
exists 
for 
each 
output 
code 
a 
unique 
input 
voltage 
range 
that 
produces 
that 
code 
only. 
A 
converter 
is monotonic 
if every 
subsequent 
code change 
represents 
an input 
voltage 
change 
in the 
same 
direction. 
Figure 
6a 
shows 
a 
converter 
with 
missed 
codes. 
Figure 
6b shows 
a non-monotonic 
con- 
verter. 


Differential 
Non-Linearity 
and 
Non-Linearity 
are 
quantified 
by measuring 
the Terminal 
Based 
Linearity 
Errors. 
A Terminal 
Based 
Characteristic 
results 
when 
an Actual 
Characteristic 
is shifted 
and scaled 
to elimi- 
nate zero offset and full-scale 
error 
(see Figure 
7). The 
Terminal 
Based 
Characteristic 
is similar 
to the Actual 
Characteristic 
that would be seen if zero offset and full- 
scale error 
were externally 
trimmed 
away. 
In practice, 
this is done by using input 
circuits 
which 
include 
gain 
and offset trimming. 
(See the Application 
Hints 
section 
for more details.) 
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Figure 6. Undesirable 
Converter 
Operation 


An often 
overlooked 
characteristic 
of AID converters 
is that 
code 
transitions 
do not 
really 
occur 
instanta- 
neously 
at some 
finite 
set of input 
voltages. 
Specific 
code transitions 
can be analyzed 
by doing repeated 
con- 
versions 
around 
the transition 
point 
using a high accu- 
racy 
input 
voltage. 
When 
this 
is done, 
we find 
that 
there 
is actually 
a range 
of voltages 
around 
code tran- 
sitions 
where both the lower and upper 
codes occur 
for 
repeated 
conversions 
on the same input 
voltage. 


Figure 
8 shows this "repeatability" 
error. 
At the lower 
end of the region of repeatability 
error the lower code is 
most prevalent, 
but the upper 
code will occur in a small 
percentage 
of the 
conversion 
attempts. 
As 
the 
input 
voltage increases 
slightly, 
a point is reached 
where both 
lower and upper 
codes occur with 50 percent 
probabili- 
ty. As the input 
voltage 
moves 
slightly 
higher, 
the up- 
per code occurs 
most often with the lower 
code show- 
ing up in a small percentage 
of conversions. 


The repeatability 
error is due to the fundamental 
ability 
of the comparator 
in the AID to resolve 
very similar 
voltages. 
Random 
noise also contributes 
to repeatabili- 
ty errors. 
On MCS-96 
devices, 
the width 
of the region 
of repeatability 
error 
has been found 
to be typically 
I 
mY to 1.25 mY. Since this error 
is specified, 
all other 
errors 
are specified 
assuming 
the code transitions 
occur 
at the voltage 
where 
adjacent 
codes are equally 
likely. 
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Figure 8. Repeatability 
Error 


The Multiplexer 


The eight channel 
multiplexer 
is implemented 
as a col- 
lection of eight MOS switches. 
Only one of eight can be 
closed at any instant 
in time. Figure 
I shows the multi- 


plexer with the switches 
acting as resistors 
when closed 
and as small parasitic 
capacitors 
when open. The input 
protection 
devices 
on the 
analog 
input 
pins 
are 
also 


considered 
a part of the multiplexer. 
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Figure 7. Terminal 
Based Characteristic 


The resistance of a closed switch is typically IK to 2K 
ohms and the D.C. leakage due to the input protection 
is typically 3 microamps maximum. Both values de- 
pend upon the process used and day-to-day fabrication 
variations. The channel resistance and the D.C. leakage 
can also vary from channel-to-channel on the same de- 
vice. These variations can be seen in the conversion 
process and are described by the channel- to-channel 
matching specification. 


Channel-to-channel 
matching specifies the input volt- 
age differences induced by mismatched elements of the 
multiplexer. This error is quantified by measuring the 
difference between the input voltages necessary to cause 
the same code transition 
to occur through different 
multiplexer channels under identical test conditions. 


Matching errors are more complex than a simple volt- 
age offset between channels, and thus are difficult to 


externally cancel. Fortunately, 
multiplexer 
channels 
typically match to within one rnillivolt. 


A multiplexer that has the potential to short two inputs 
together is not very attractive. To keep this from hap- 
pening, the circuitry that selects the active channel is 
designed to guarantee that all channels are deselected 
before a new channel is selected. Thus, the multiplexer 
is said to be Break-Before-Make. 


In addition to Break-Before-Make channel selection, an 
analog multiplexer must be able to keep deselected 
channels isolated from the selected channel. As shown 
in Figure I, there are parasitic capacitances coupling 
every deselected channel to the multiplexer output. The 
quantification of coupling is called Off-Isolation. Off- 
isolation is the multiplexer's ability to attenuate signals 
on deselected channels. 


, 
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Sample-and-Hold 


The sample-and-hold of an analog acquisition system 
can be built using an analog switch and a sample capac- 
itor. As with the multiplexer, there is also a parasitic 
capacitance coupling the switch input to the sample 
capacitor when the switch is open (Figure I). 


The resistance of the sample-and-hold switch combines 
with the series resistance of the multiplexer to impede 
the current necessary to charge the sample capacitor. 
For example, with a 5K ohm total input resistance 
from the pin to the 2 pf sample capacitor, the RC time 
constant is 10 nS (2 pf X 5K ohms). 


During the one microsecond that the sample capacitor 
is connected to the input, lOOtime constants elapse 
(I microsecond/lO nS). This means that the sample ca- 
pacitor is lOOpercent of the voltage on the input pin 
(l-e -100),assuming a zero source impedance. 


If a source impedance of 2K ohms is assumed, the RC 
time constant of the sampling process would be 14nS 
(7K ohms X 2 pf). Thus, 71.4 time constants would 
pass in one microsecond resulting in the sample capaci- 
tor being charged to within 99.9 percent of its final 
value. Source impedances above 2K ohms would begin 
to degrade the conversion accuracy due to D.C. leakage 
(described later). 


Figure 9 shows the actual input voltage and the sam- 
pled voltage approaching the input voltage. Once the 
sample-and-hold switch closes, the sample window be- 
gins. The sample window extends for four state times 
and ends with the sample-and-hold switch opening on 
MCS-96 devices (except 8X9X-90, which is 8 state 
times and has no sample-hold). Figure 9 also shows the 
sample delay, which is the delay from the time a start 
conversion signal is generated to the time a conversion 
process begins. 


It is important to understand the uncertainties associat- 
ed with the timing of the sample-and-hold. Digital sig- 
nal processing algorithms rely upon the "spectral puri- 
ty" of the sampling process. If the sample window 
jumps around with respect to the start conversion sig- 
nal, or if the start conversion signal cannot be generat- 
ed at precise times, consecutive samples of input data 
will not be equally spaced in time (i.e. sampling will be 
spectrally impure). 


v 
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Figure 9. Sample-and-Hold 
Voltage 


To improve the spectral purity of the sampling in digi- 
tal signal processing applications, sequential MCS-96 
start conversion signals can be generated with less than 
50 nanoseconds of jitter using the HSO unit. The sam- 
ple delay and sample time are also a constant number 
of state times to within 50 nanoseconds each. 


Once the sample window closes, it is desired that all 
further changes on any input channel be isolated from 
the sample capacitor. The multiplexer's off-isolation is 
responsible for isolating deselected channels, while the 
sample-and-hold switch must attenuate changes on the 
selected channel. This source of error is described as • 
Feedthrough. Feedthrough is quantified as the ability 
of the sample-and-hold to reject unwanted signals on its 
input. 


Other factors that affect a real AID Converter system 
include sensitivity to temperature. Temperature sensi- 
tivities are described by the change in typical specifica- 
tions with a change in temperature. 


The MCS®-96 
Conversion 
Sequence 


The MCS-96 Analog Acquisition System includes an 
eight channel analog multiplexer, sample-and-hold cir- 
cuit and IO-bit analog to digital converter (Figure 10). 
An MCS-96 device can therefore select one of eight 
analog inputs, sample-and-hold the input voltage and 
convert the voltage into a digital value. Each conver- 
sion takes 22 microseconds (8097BH), including the 
time required for the sample-hold (with XTALl 
= 12 
MHz). The method of conversion is successive approxi- 
mation. 
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Figure 10. AID Converter 
Block Diagram 


The conversion process is initiated by the execution of 
HSO command OFH, or by writing a one to the GO 
Bit in the AID Control Register. Either activity causes 
a start conversion signal to be sent to AID control log- 
ic. If an HSO command was used, the conversion pro- 
cess will begin when Timer 1 increments. This aids 
applications 
attempting 
to approach 
spectrally pure 
sampling, since successive samples spaced by equal 
Timer 1 delays will occur with a variance of about 
±50 ns (assuming a stable clock on XTALl). 
How- 
ever, conversion initiated 
by writing a one to the 
ADCON register GO Bit will start within three state 
times after the instruction has completed execution, re- 
sulting in a variance of about 0.75 /..I.s(XTALl 
= 
12 MHz). 


Once the AID unit receives a start conversion signal, 
there is a one state time delay before sampling (sample 
delay) while the successive approximation register is re- 
set and the proper multiplexer channel is selected. Af- 
ter the sample delay, the multiplexer output is connect- 
ed to the sample capacitor and remains connected for 
four state times (sample time). After this four state time 
"sample window" closes, the input to the sample capac- 
itor is disconnected from the multiplexer so that chang- 
es on the input pin will not alter the stored charge while 


the conversion is in progress. The sample delay and 
sample time uncertainties are each approximately ± 50 
ns, independent of clock speed. 


To perform the actual analog-to-digital conversion the 
MCS-96 implements a successive approximation 
algo- 
rigthm. The converter hardware consists of a 256-resis- 
tor ladder, a comparator, coupling capacitors and a 10- 
bit successive approximation register (SAR) with logic 
that guides the process. The resistor ladder provides 20 
mY steps (VREF = 5.l2V), while capacitive coupling is 
used to create 5 mY steps within the 20 mY ladder 
voltages. Therefore, 1024 internal reference voltages are 
available for comparison against the analog input to 
generate a 10- bit conversion result. Appendix B con- 
tains a detailed description of the method used to gen- 
erate 1024 voltages from a 256-resistor chain. 


The total number of state times required for a lfl-bit 
conversion varies from one MCS-96 version to the next. 
Attempting to short-cycle the lO-bit conversion process 
by reading AID results before the done bit is set may 
work on some versions of MCS-96 devices, however it 
is not recommended. Short-cycling is not tested, nor is 
it guaranteed. Furthermore, it may not work on future 
MCS-96 devices. 
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The analog signals that must be converted by an analog 
acquisition system vary widely. The analog input may 
arrive at the controller as a voltage or current. The 
range may be 0 to 1 volt or ± 30 volts, or some other 
arbitrary range. The input may be linear, logarithmic, 
non- linear, or perturbated in some bizarre fashion. Al- 
though interfacing to such signals could be considered 
an art form, some simple suggestions are contained in 
this section. 


Analog Inputs 


The external interface circuitry to an analog input is 
highly dependent upon the application, and can impact 
converter characteristics. 
In the external circuit's de- 
sign, important factors such as input pin leakage, sam- 
ple capacitor size and multiplexer series resistance from 
the input pin to the sample capacitor must be consid- 
ered. 
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Figure 11. Idealized AID Sampling Circuitry 
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Figure 12.Suggested AID Input Circuit 


For the 8096BH, these factors are idealized in Figure 
11. The external input circuit must be able to charge a 
sample capacitor (Cg) through a series of resistance 
(RI) to an accurate voltage given a D.C. leakage (Id. 
On the 8096BH, c, is around 2 pF, RI is around 5 KO 
and IL is specified at 3 /LA maximum. In determining 
the source impedance Rg, VBIAS is not important. 


External circuits with source impedances of 1 KO or 
less will be able to maintain an input voltage within a 


tolerance of about ±0.61 LSB (1.0 KO 
X 3.0/LA 
= 
3.0 mY) given the D.C. leakage. Source impedances 
above 2 KO can result in an external error of at least 
one LSB due to the voltage drop caused by the 3 /LA 
leakage. In addition, source impedances above 25 KO 
may degrade converter accuracy as a result of the inter- 
nal sample capacitor not being fully charged during the 
1 /Ls(12 MHz clock) sample window. 


Placing an external capacitor on each analog input will 
reduce the sensitivity to noise, as the capacitor com- 
bines with source resistance in the external circuit to 
form a low-pass filter. In practice, one should include a 
small series resistance prior to an external low leakage 
capacitor on the analog input pin and choose the largest 
capacitor value practical, given the frequency of the 
signal being converted. This provides a low-pass filter 
on the input, while the resistor will also limit input 
current during over-voltage conditions. 


Figure 12 shows a simple analog interface circuit based 
upon the discussion above. The circuit in the figure also 
provides limited protection against over-voltage condi- 
tions on the analog input (limits to 2.6 mA with 2700 
(0.7/270)). The circuit induces leakage from the diodes, 
which should be kept small. 


The wide range of possible analog environments that 
must be interfaced to, or the existence of stringent accu- 
racy requirements, makes the consideration of alterna- 
tive input buffer configurations necessary. The most 
popular input buffer is a single op-amp in the non- in- 
verting or inverting configurations of Figure 13. 


In the non-inverting circuit of Figure 13 (a), the analog 
input is scaled by the buffer gain to output 5 volts when 
the input is at its maximum positive input. When the 
buffer input is 0 volts, the output will also be 0 volts. 


In the inverting circuit of Figure 13 (b), a reference 
equal to the maximum possible input voltage is placed 
on the non-inverting input of the op-amp and the actual 
analog input is placed on the inverting input. The out- 
put voltage of the buffer is then proportional 
to the 
deviation of analog input from its maximum possible 
value. For example, when the analog input equals 
VMAX, the buffer output will equal 0 zero volts. When 
the analog input equals its minimum value, the buffer 
output equals 5 volts. The digital result from the AID 
converter might, of course, have to be complemented 
before being used. 


The circuits of Figure 13 show only feedback resistors 
that set the gain of the buffer. In practice, it will often 
be necessary to include offset adjustments, gain trim- 
ming, temperature or frequency stability compensation, 
or components to build an active filter. 


Figure 
14 depicts a generalized non-inverting input 
buffer that offsets the analog input and scales the input 
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Figure 13 


By trimming the offset and gain, not only can external 
component errors be zeroed out, but the offset and full 
scale error of the AID converter can be nulled. 


The procedure for nulling offset and gain is simple. 
First, a voltage is applied to VIN which corresponds to 
the ideal first code transition of the AID. RTRIM is 
adjusted so that 50 percent of the conversion results are 
o while 50 percent are 1. Second, a voltage is applied to 
VIN which corresponds to the ideal final code tran- 
sition of the AID converter. ROTRIM is then adjusted 
until 50 percent of the conversion results are 3FEH and 
50 percent are 3FFH. Once this adjustment is com- 
plete, the converter zero offset and full-scale errors are 
nulled, and could be ignored (except for temperature 
variation). This allows the system to rely upon the 
tighter, more descriptive converter specifications for 
Terminal Based Non- Linearity and Differential Non- 
Linearity. 
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Figure 14. Trimming 
Offset 
and Gain 


Analog References 


Reference supply levels strongly influence the absolute 
accuracy of the conversion. For this reason, it is recom- 
mended that 
the ANGND 
pin be tied to a clean 
ground, as close to the power supply as possible. Bypass 
capacitors 
should also be used between VREF and 
ANGND. 
ANGND should be connected to VSSonly 
at the chip. VREF should be well regulated and used 
only for the AID converter. The VREF supply can be 
between 4.5V and 5.5V and needs to be able to source 
around 5 mA. Figure 15 shows all of these connections. 


Note that if only ratiometric 
information is desired, 


VREFcan be connected to Vcc. In addition, if the AID 
converter is not being used, VREF must be connected to 
Vcc and ANGND to Vss for PortO to work as a digital 
port. 
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Figure 15. Supply Decoupllng 
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Given that the AID converter can convert an analog 
input ranging from 0 volts to 5 volts into 1024 steps of 
5 millivolts each, the desire for more resolution can 
come from three basic needs - need extra LSB, need 
extra MSB, need BOTH. 


The configuration shown in Figure 16 can be used to 
solve each of the "more resolution" problems. This set- 
up requires the use of two input channels with different 
offsets and gains. 


When the 5 millivolt step size of the AID is too large 
for the application requirements, but the 5 volt range is 
sufficient, the system needs an "extra LSB". For exam- 
ple, an application requiring 2.5 millivolt steps over a 5 
volt range needs an I I-bit conversion result. The 11th 
bit needs to be added to the least significant side of the 
10- bit result (the "right"). This can be achieved using 
the circuit of Figure 16. 


If both channels are set for a gain of 2, with channel I 
offset to 2.5 volts, the 5 volt input range is split into 2.5 
volt ranges that are amplified by two before being input 
to the AID. While VIN is between 0 and 2.5 volts, 
channel 0 will be providing a proportional voltage be- 
tween 0 volts and 5 volts to the AID converter. Chan- 
nel I will be clamped to 5 volts. When VIN rises above 
2.5 volts, channel I will begin to output a proportional 
voltage between 0 volts and 5 volts to the AID convert- 
er and channel 0 will be clamped at 5 volts. Using this 
method, an I l-bit (2048 step) result is created with 2.5 
millivolt steps (i.e. an extra LSB). 


TO CHANNEL 1 


TO CHANNELO 
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Figure 16. A Flexible 
Input Circuit 


It is useful to note that only one conversion per sample 
will be required if the software keeps track of which 
channel is active. The only time that two conversions 
will be required for one sample is when the voltage 
crosses the midpoint. 


The second reason that "more resolution" is requested 
is the need for an "extra MSB". When the converter's 
input voltage range is too small (5 volts when 10 volts is 
needed), but 5 millivolt steps over the actual input volt- 
age range is sufficient, an extra bit is needed on the 
most significant ("left") side of the lO-bit result. The 
circuit of Figure 16 can also be used, with different 
gains and offsets, to satisfy this extra MSB need by 
splitting the 10 volt range into 5 volt ranges. 


If both channels of Figure 16 are set for unity gain, and 
channel I is offset to 5 volts, an I l-bit conversion result 
with 5 millivolt steps is available. While VIN is in the 
lower half of its range (0 volts to 5 volts), channel 0 will 
be active. While VIN is in the upper half of its range (5 
volts to 10 volts), channel I will be active. Thus, an 
extra MSB is created. 


For applications requiring multiple extra bits of result, 
the solutions can become more "elegant" (i.e. elabo- 
rate). However, it is profitable to first squeeze the most 
out of the now familiar circuit in Figure 16. 


Assume that the analog input, VIN, ranges from 0 volts 
to 10volts, and it is desired to measure this range in 2.5 5 
millivolt steps. This requires two extra bits of result - 
one extra MSB and one extra LSB. A simple extrapola- 
tion of the preceding discussion of creating extra bits 
might have the designer planning to tieup four channels 
.of the multiplexer needlessly. Needlessly, that is, if 
the application is a typical control application where 
the high accuracy requirements are only important in 
the "normal" operating range of the process. Outside of 
the normal operating range is the "possible" operating 
range which must be measured, but with less stringent 
requirements. 


Since the requirements of the normal range set the nec- 
essary LSB weight, and the extent of the possible range 
sets the maximum voltage span, it follows that only two 
channels need to be used (Figure 16). Channel 0 would 
be set with a gain that compressed the possible VIN 
range to 5 volts, while channel I would be offset to the 
normal operating range and would have a gain of two 
to expand this region of critical interest. With this ap- 
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proach, lOOpercent of the normal operating range is 
digitized in 2.5 millivolt steps, while lOOpercent of the 
possible range is digitized in 10 millivolt steps. 


Unfortunately, not all high resolution applications can 
be described as a process with a small region of in-con- 
trol operation, where the process is out-of-control out- 
side of that small region. For example, it is necessary to 
measure airflow in an engine controlling carburetion. 
The air flow at idle is likely to be several orders-of-mag- 
nitude lower than the airflow at full RPM. The process 
needs to be in tight control over the entire range, not 
only when the engine is at half-speed. 


When it is desired to measure a process with a fixed 
percent of error throughout 
a range spanning several 
orders-of-magnitude, 
a non- linear input buffer be- 


c?mes attractive. For example, assume that the analog 
signal that needs to be digitized can vary from I milli- 
volt to 25 volts and describes a physical process that 
must be represented digitally with I percent error at 
any point in the possible input range. A linear solution 
to this application would require a converter with a 10 
microvolt LSB (I % X I mV), and a resolution of 22 
bits (25 V/10 microvolts). This is clearly undesirable. 


The use of a log input buffer to compress the 25 volt 
ran.gelogari~hmically to 5 volts would satisfy the appli- 
cation requirements. The input would range from I 
millivolt to 25 volts with the output ranging from 0 
volts to 5 volts proportionally to the log of VIN/lmV. 
Each one-percent change in the input voltage would 
change ~he output voltage by 5 millivolts (one count). 
The antilog could be taken in software using a lookup 
table, or the control calculations could be performed in 
a log base. 


Simple i?expensive log-amps can be built as in Figure 
17, or high- accuracy, self-contained log-amps can be 
purchased. Which is chosen depends upon the applica- 
tion tradeoffs of price and performance. 


V3=KI09(~) 
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Figure 17. A Low-Cost 
Log Amplifier 


Other techniques become available for consideration in 
systems that have slow sample rate requirements, but 
very high resolution requirements. In addition to the 
methods described above, which require external hard- 
ware, software filtering or other post-processing of the 
conversion results can be productive. Each method re- 
lies upon the ability to sample the analog input much 
faster than the system requires an analog input. 


When resolution is limited by filterable noise, perhaps 
the most straightforward approach to post-processing is 
to oversample the input by a factor of N and digitally 
low-pass filter the data (i.e. weighted rolling average). 
A result would be reported to the rest of the system 
every N samples (Figure 18). A low-pass filter can in- 
crease the signal- to-noise ratio (SNR) by a factor of N 
(see bibliography). However, care must be taken to be 
certain that the input voltage varies slowly with respect 
to the sampling rate. 


Y1 = YO 
YO = S'Y1 + G'X 
Sand G are constants 
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Figure 18. A Low Pass Filter 
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Figure 19. Dither 


Another approach to creating more resolution is called 
"synchronized dither", Figure 19 shows an input volt- 
age that is constant somewhere between two code tran- 
sition points. This input is "dithered" by adding a small 
periodic waveform ('I. LSB steps) to the input while 
performing an AID conversion synchronized with each 
dither step. Every time the dither completes a full cycle, 
the eight conversion results are averaged to form one 
digitized value. Since the dither is periodic and sym- 
metrical about 0 volts, its average impact on the input 
voltage is 0 volts. 


The creation of extra resolution can be seen with the 
example shown in Figure 19. Without dither, the input 
voltage would always convert to 37H. With dither, one- 
eighth of the conversions would be J8H and 7/. of the 
conversions would be 37H. If every eight conversions 
were averaged, the result would be 37H + 'I. LSB. The 
possible results given a four level dither, where the in- 
put voltage was always within the 37H code width, 
would be 


36H + % 
36H + % 
37H + 0 
37H + Ye 
37H + % 


Hence, four new levels exist (two bits). 


Dither will only create more resolution up to the limit 
of the AID 
converter comparator's 
ability to distin- 
guish voltages. Since MCS-96 converter repeatability 
error is typically around 1 millivolt to 1.25 millivolts, 
'I. LSB dither is the practical limit if no other process- 
ing is done. Figure 20 shows a simple method by which 


the input voltage could be dithered under software con- 
trol. 


• 


ANALOG 
>-----•.• 
CHANNEL 
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Figure 20. Software Controlled Offset and Gain 


While only a few of the more obvious interfacing tech- 
niques were described here, there are as many innova- 
tive interfacing tricks as there are designers. 


CONCLUSION 


This application note provides a fundamental under- 
standing of MCS-96 analog acquisition for the digital 
designer. Since answering the limitless number of ana- 
log circuit design questions is beyond the scope of this 
document, it is expected that analog design manuals 
and the large body of publicly available applications 
literature will be consulted for detailed design hints. 
Furthermore, 
the applications literature of monolithic 
analog acquisition 
system manufacturers 
should be 
consulted since the suggestions presented therein are 
largely transportable to any AID system. 
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APPENDIX' A 
AID 
GLOSSARY 
OF TERMS 


Figures 2, 4 and 7 display many of these terms. 


ABSOLUTE 
ERROR-The 
maximum difference be- 


tween corresponding actual and ideal code transitions. 
Absolute Error accounts for all deviations of an actual 
converter from an ideal converter. 


ACTUAL CHARACTERISTIC-The 
characteristic of 
an actual converter. The characteristic of a given con- 
verter may vary over temperature, supply voltage, and 
frequency conditions. An Actual Characteristic rarely 
has ideal first and last transition locations or ideal code 
widths. It may even vary over multiple conversions un- 
der the same conditions. 


BREAK-BEFORE-MAKE-The 
property of a multi- 
plexer which guarantees 
that 
a previously selected 


channel will be deselected before a new channel is se- 
lected. (e.g. the multiplexer will not short inputs togeth- 
er.) 


CHANNEL·TO·CHANNEL 
MATCHING-The 
dif- 
ference between corresponding code transitions of actu- 
al characteristics taken from different channels under 
the same temperature, 
voltage and frequency condi- 
tions. 


CHARACTERISTIC-A 
graph of input voltage ver- 


sus the resultant output code for an AID converter. It 
describes the transfer function of the AID converter. 


CODE-The 
digital value output by the converter. 


CODE CENTER- 
The voltage corresponding to the 
midpoint between two adjacent code transitions. 


CODE TRANSITION-The 
point at which the con- 


verter changes from an output code of Q, to a code of 
Q + 1.The input voltage corresponding to a code tran- 
sition is defmed to be that voltage which is equally like- 
ly to produce either of two adjacent codes. 


CODE 
WIDTH-The 
voltage corresponding 
to the 
difference between two adjacent code transitions. 


CROSSTALK-See 
"Off-Isolation". 


D.C. INPUT LEAKAGE-D.C. 
Leakage current of an 


analog input pin. 


DIFFERENTIAL 
NON·LINEARITY-The 
differ- 


ence between the ideal and actual code widths of the 
terminal based characteristic of a converter. 


FEEDTHROUGH-Attenuation 
of a voltage applied 
on the selected channel of the AID converter after the 
sample window closes. 


FULL·SCALE 
ERROR-The 
difference between the 
expected and actual input voltage corresponding to the 
full-scale code transition. 


IDEAL CHARACTERISTIC-A 
characteristic 
with 
its first code transition at YIN = 0.5 LSB, its last code 
transition at YIN = (VREF 
- 
1.5 LSB) and all code 


widths equal to one LSB. 


INPUT RESISTANCE-The 
effective series resistance 
from the analog input pin to the sample capacitor. 


LSB· LEAST SIGNIFICANT 
BIT-The 
voltage val- 
ue corresponding to the full-scale voltage divided by 2n, 
where n is the number of bits of resolution of the con- 
verter. For a to-bit converter with a reference voltage 
of 5.12 volts, one LSB is 5.0 mY. Note that this is 
different than digital LSBs, since an uncertainty of two 
LSBs, when referring to an AID 
converter, 
equals 


10 mY. (This has been confused with an uncertainty of 
two digital bits, which would mean four counts, or 
20 mY.) 


MONOTONIC-The 
property of successive approxi- 
mation converters which guarantees that increasing in- 
put voltages produce adjacent codes of increasing value, 
and that decreasing input voltages produce adjacent 
codes of decreasing value. 


NO MISSED 
CODES-For 
each and every output 
code, there exists a unique input voltage range which 
produces that code only. 


NON·LINEARITY-The 
maximum deviation of code 
transitions of the terminal based characteristic from the 
corresponding code transitions of the actual character- 
istic of a converter. 


OFF·ISOLATION-Attenuation 
of a voltage applied 


on a deselected channel of the AID converter -,(Also 
referred to as Crosstalk.) 
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REPEATABILITY-The 
difference 
between 
corre- 
sponding code transitions from different actual charac- 
teristics taken from the same converter on the same 
channel at the same temperature, voltage and frequency 
conditions. 


RESOLUTION-The 
number of input voltage levels 
that the converter can unambiguously distinguish be- 
tween. Also defines the number of useful bits of infor- 
mation which the converter can return. 


SAMPLE DELA Y-The 
delay from receiving the start 
conversion signal to when the sample window opens. 


SAMPLE 
DELAY UNCERTAINTY-The 
variation 
in the Sample Delay. 


SAMPLE TIME-The 
time that the sample window is 
open. 


SAMPLE TIME UNCERTAINTY-The 
variation in 
the sample time. 


SAMPLE WINDOW-Begins 
when the sample capac- 
itor is attached to a selected channel and ends when the 
sample capacitor 
is disconnected 
from the selected 
channel. 


SUCCESSIVE 
APPROXIMATION-An 
AID con- 
version method which uses a binary search to arrive at 
the best digital representation of an analog input. 


TEMPERATURE 
COEFFICIENTS-Change 
in the 
stated 
variable 
per 
degree 
centigrade 
temperature 
change. Temperature coefficients are added to the typi- 
cal values of a specification to see the effect of tempera- 
ture drift. 


TERMINAL 
BASED CHARACTERISTIC-An 
Ac- 
tual Characteristic which has been rotated and translat- 
ed to remove zero offset and full-scale error. 


VCC REJECTION-Attenuation 
of noise on the Vcc 
line to the AID converter. 


ZERO OFFSET-The 
difference between the expected 
and actual input voltage corresponding to the first code 
transition. 


5-201 


• 


infel· 
AP-406 


APPENDIX 
B 
CAPACITIVE 
INTERPOLATION 


A successive approximation AID 
converter needs an 


internal DI A converter of the same resolution as the 
desired AID 
result. A IO-bit DI A could have been 
made using a string of 1024 resistors connected from 
the analog reference at one end to ground at the other 
end. Although this would be technically ideal, such a 
circuit would be enormous. Therefore, a method was 
developed to generate the needed reference voltages us- 
ing a small area of silicon so that an on-chip IO-bit 
AID converter would be economical. 


The method used relies upon a 256-resistor chain to 
generate reference voltages in 20mV (5.12V/256) steps 
while two ratioed capacitors are used to capacitively 
"interpolate" voltages in-between the resistor tap volt- 
ages. The area of the 256-resistor chain together with 
the capacitors is one-fourth the area of the would-be 
1024 resistor chain. 


Before beginning a detailed description of the capacitive 
part of the conversion process, it is necessary to under- 
stand a few details about the resistor chain. 


There are 256 resistors connected in series from the 
analog reference to analog ground. The actual value of 
the resistors only impacts the current through the refer- 
ence pin. If every resistor in the chain is the same value 
the converter will function properly. 


To reduce resistor-to-resistor 
variation, the chain is 


folded in half, and then in an accordion fashion to pro- 
duce a 16 X 16 block of resistors. This minimizes the 
sensitivity of the array to processing gradients, while 
also allowing the array to be addressed roughly similar 
to a 16 X 16 memory array. 


As explained earlier, it is desired for the AID converter 
to have its first code transition at 1/2 LSB followed by 
subsequent code widths I LSB wide. 


To accomplish this, each resistor is tapped in its center 
rather than between resistors. For example, the first 
resistor tap is half-way up the first resistor. This means 
that the zero resistor tap will output IOmV (2OmV/2). 
When calculating the voltage on a certain resistor tap, 
you must add IOmV to the product of the tap number 
and 2OmV. 


The internal connections while an analog input is being 
sampled are shown in Figure Bla. Once sampling is 
complete, the analog input is disconnected and the 
comparator 
inputs are no longer clamped to VBIAS 
(Figure Bib). 


During the sample window (Figure Bla), VANIN and 
VOFS control the amount of charge stored in CA and 
CB (VOFScontrols the converter offset). Once the sam- 
ple window closes (Figure Bib), voltages applied to 
VIN and VIN2 will add or subtract charge proportional 
to (VANlN - 
VIN) on CA and (VOFS - 
VIN2) on CB· 


Unless a voltage is applied to VIN and VIN2. The in- 
verting comparator input of Figure Bib will remain at 
VBIAS due to the charges on CA and CB. The non- 
inverting 
comparator 
input 
will always remain 
at 
VBIASand serves as a reference. 


If a VIN, VIN2 combination is applied which causes the 
non-inverting input to drop below VBIASthe compara- 
tor will output to a 1 to indicate that the applied volt- 
age was lower than the original VANIN. To better un- 
derstand how the circuit works, Figure B2 shows the 
superposition analysis used to form the equation for 
VOUT, given initial charge on CA and CB and new in- 
put voltages VIN and VIN2. 
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Adding the independent effects shown in Figure B2 we have: 


Your 
= Vl + V2 + V3 + V4 


Your 
= VIN (CA':CB) 
+ VIN2 (CA~CB) 
+ VAI (CA~ACB) 
+ VBI (CA~CB) 


We can see that: 


The initial conditions on CA and CB are set-up as shown in Figure B3. 


VBI = VBIAS - 
VOFS 


(I) 


(11) 


(Ill) 


One of 256 
Resistor Tops 
One of four 
Re.l.tor 
Top. 


Re.l.tor 
String 


(a). Connections during the sample window 


One of 256 
Re.lstor Tops 
One of four 
Resistor Tops 


rrom.....J 


Pin 


Re.lstor String 


Successive 
Approximation 
Regl.ter 


1 
CB = jjC ••• 


C•••Is the sample capacitor 
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Successive 
Approximation 
Register 


Figure 81 


(b). Connections after the sample window closes 
270365-23 
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Substituting Il and III into I we get: 


CA 
VOUT = (VIN + VSIAS - 
VANIN)--- 
+ 
CA + Cs 


Cs 
(VIN2 + VSIAS - 
VOFS) -C-- 
(IV) 
A + Cs 


VOUT becomes the input voltage to the comparator 
which ideally presents no load. The only way to make 
VOUTapproach the value of VBIAS(after VBIASis re- 
moved) is to apply a voltage combination which makes 
equation IV evaluate to VBIAS.If we had an infinitely 
variable internal voltage reference to use, we could 
just 
set 
the 
reference 
on 
VIN 
to 
the 
value 
of 
VANIN and make VINZ = VOFS' 


We would then have, from IV: 


VIN = VANIN. VIN2 = VOFS 


AP-406 


However, using a 256-resistor chain to provide refer- 
ences, we can find a VIN, VINZ combination which can 
bring VOUTclose to the value OfVBIAS.The 256-resis- 
tor chain provides a reference voltage in 20 mV steps. 
We can then take separate taps of the resistor chain and 
connect them to VIN and VIN2.The voltage attached to 
VIN will couple to VOUTby a factor ofCA/(CA + CB) 
= 8/9 from EQN IV. The voltage attached to VIN2 
will couple to VOUTby a factor of CBI(CA + CB)' The 
ratio of the impacts on VOUT of VIN versus VIN2 is: 


( aVOUT) 
-i- (aVOUT) 
= (8/9)/(1/9) 
= 8 
aVIN 
aVIN2 


Therefore, a voltage change on VIN will affect the volt- 
age seen at VOUT eight times more than the same 
change placed on VIN2' 


QA=OD!rJ + 
(ii)CThe effect 
of VIN 


V1NT 
loBC~c V, =VINc.!c. 


~ 
AB 
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(i) To determine 
VOUT use 
superposition 
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Figure 82. "Superpositlon 
Analysis of comparator 
input voltage 
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Figure 83. Initial Conditions 
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For example, assume the actual input voltage VANIN 
was 2.5OmV during the sample window. Using EQN 
IV, and assuming VBIAS= 3V and VOFS = 7OmV,we 
substitute and find: 


VOUT = 
(VIN + 2.9975) 
x (8/9) + 


(VIN2 + 2.93) x (1/9) 


Using successive approximation, 
the first trial input 
voltage attempted corresponds to the digital code 0111 
1111 lIb (127 X 20mV + IOmV). This means that the 
voltage applied to VIN will be the 0111 1111b tap and 
the voltage applied to VIN2 will be the 01lOb tap (6 X 
20mV + IOmV = 3 LSB). Substituting these values 
into EQN V we have: 


VOUT = (2.550 + 2.9975) x (8/9) + (0.130 + 2.93) x (1/9) 


VOUT = 
4.931 
+ 
0.34 
(V) 


= 5.271 


Since the 3V reference is lower than VOUT with these 
inputs, the comparator will output a 0 which is placed 
in the MSB of the successive approximation register. 
The next most significant bit of the SAR is then zero'd 


and the new ladder tap applied to VIN' The result of 
this second comparison, and the subsequent compari- 
sons are shown in Table B1. The C program used to 
generate Table Bl is listed in Listing BI. 


(V) 
The value selected for VOFSduring the sample window 
may not be obvious. The purpose of VOFSis to inject a 
constant offset in the sampling process so that the con- 
verter's first code transition will occur at 2.5mV. 


Using EQN IV we can quickly see why VOFSis chosen 
to be the fourth resistor tap (4 X 20mV + IOmV = 
7OmV).For VANIN = 2.5mV, we want VOUTto eval- 
uate to VBIASwhen the SAR is OH. 


VOUT = 
1(0.20 mV + 10 mV) + (VBIAS - 
2.5 mV)} x 


(8/9) + 1(0.20 mV + 10mV) + (VBIAS - 
70 mV)} 
x (1/9) 


VOUT - 
VBIAS = 7.5 mV x 
(8/9) 
- 
60 mV x 
(1/9) 
= 0 


Therefore, ifVOFS = 70 mV, the converter's first code 
transition will be when VANIN = 2.5 mY. 


Table 81. Conversion 
Simulation 


A to D simulator. 
(center taps) 
•• 
With 
VIN = 0.002500 
VCENT = 3.000000 
VOFF = 0.070000 
SAR = IFFH 
(511) 
VOUT = 5.271111 
SAR = 
FFH (255) 
VOUT = 4.133333 
SAR = 
7FH (127) 
VOUT = 3.564444 
SAR = 
3FH ( 
63) 
VOUT = 3.280000 
SAR = 
IFH 
( 
31) 
VOUT = 3.137778 
I 


SAR = 
FH ( 
15) 
VOUT = 3.066667 
SAR = 
7H ( 
7) 
VOUT = 3.031111 
SAR = 
3H ( 
3) 
VOUT = 3.013333 
SAR = 
IH 
( 
1) 
VOUT = 3.004444 
SAR = 
OH ( 
0) 
VOUT = 3.000000 
SAR = 
IH 
( 
1) 
which means 
0.005000 
volts 
•• 


..{ 
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27036S-AS 


IlDclode 
'CTYPI •• ' 
Ilncl •• 
'STDIO •• ' 
'I 
el'.ple 
la,oc.t101 
11••• 


12d1110.OO2S 
3.0 
0.01 
YiD 
nl.. 
'of. 
p 
IIrl8t 
to .cree. 
aad Ip 


12d11.0.OO1S 3.0 
0.01 
'11 
nlu 
'of. 
prl.t 
to Icree. 
Oily 
I' 


IDt IIlolt 
.• r9'1 
ut 
t; 


cur 
tar9'1l:I 
,11110 I' 
FILl ttp, 
Ifopeo(): 


double 
1ft1t1.I_CODdltlon •• vii. ,oot, 
,calt. 
,off. 
Y89. '19; 
WI~led 
lat 
IU 
' OI3FF: 
Ull1qaed 
IAt list • 01200: 
0119* 
lIt 
COIIlt : 0; 
uUlqned 
Int 
prlltOl: 
If 
(.trcap(If9'IO), 
'ru~', 
:: 0, 
cooot++; 
tt Ht 
!= 14 + coont)! 
, 
It 
!= IS + c008tlll 
( 
prtotf 
('loln'DCltlOII 
error! 
In',: 
return: 
I 
COUlItH; 
IIClAflarQY{COIIDt++), 
''It'. 
"Ill: 
IICllffuqvlcoaltH). 
''It', 
',caDlI: 
ssClDflarQY(coaltH 
J, 
''It', 
',off I: 
If 
lcount 
:: 
tJ 
prlatol 
: 0: 
el.e 
prlnton 
: I: 


prlntfl'A 
to D I1lal.tor.lcalter 
tIPS) .. 'I; 


If 
IprlntOllI 
I 
if 
(ftp 
= topen('\pn:', 
"'11 
:: 
01 
I 
prlntfl'\nCao't 
opeo prlaterl.'): 
retarD: 
I 
I 
If 
1prlAton 1 
fprl.tfftp. 
'A to D IIlulator 
.. 'I: 


prlDtf(' 
,ltb 
\1'10 = SfIDVcant 
= 'flD'off 
= Sfln'. 
YID. ,caat. 
'Offl: 
If 
Iprlntoll 
fprtnttlfp. 
' 'lth IDVID = 'flnVe.at 
= SflnVoft 
= SfID', 
Y\•. 
YeeDt. ,oft 
I: 


Initial_condition. 
= (18.0 I 9.01 
t I,eent 
- ,Iall 


+ H 1.0 , 9.01 t /VClDt - ,olfll: 
v89 = 8.0 
, 9.0: 
,19 = 1.0 , 9.0: 


Listing 81. AID Converter Simulator 
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ur 
': ust: 
prloUt'SAa 
= ~I' 
{'UHt', ur, Slrl: 
If (prlDtonl 
fprllU(fp, 
'SAl =~I. 
(Udlll', 
Sir, Slrl; 
tor {COIIlIt= 0: 
cout 
(10: 
COUIIlH 
J 
I 


,oat: 
(Y89 * ((4 IIoGbleI (SIr» 
211 * 0.02 
+ 0.0111 


+ (,19 * If {doeblel (Isu 
, 31 « 1)1 * 0.02 
+ 0.01 JJ 


+ Illtl.l_colldltlODS: 
if {,oat ( 'cent I 
sar 1=last: 


ust »: I: 
Sir ': ust: 
prlotfl'Vout 
: "IaSAI • 1311 (l4dllt', 
,oot, 
Sir, slrl: 
If {puntoal 
f~rlatflfp. 
'Voul : 'f\nSAI : '31S 
(l4dllt', 
,oat, 
SIr, Slfl; 
) 
prlntf(' 
,blcb ••• ns " 
,ollllDID', 
(doublel IIr * O,OO~I; 
If (prlatonl 
fprlatfetp, 
' wblcb •• 101 " 
,oltslal.'. 
(doable) SIr * O.~l: 
retara; 
I 
/* UID *' 


Listing 81. AID Converter Simulator 
(Continued) 
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APPENDIX 
C 
ERROR FORMULAS 


The following C program listing contains the routines 
used to calculate AID performance in the Embedded 
Controller Applications lab. Most of the routines re- 
quire floating point arrays to operate upon. In the list- 
ings, the array x[] contains the input voltages corre- 
sponding to each code transition of the converter. The 
array dx] ] contains the width of the region in which 
each code transition of the converter could occur. For 
example, an input voltage of 0.003V may cause code 0 
and code 1 to be equally likely outputs. x[O] would then 
contain 0.003סס00. However, O-to-l code transitions 
might be observed infrequently through a range of in- 
put voltages from 0.0025V to 0.0035V. dx[O] would 
then contain 
0.001סס00 to indicate that there is a 
1 millivolt window in which either code could occur. 
x[] and dx] ] are generated by hardware doing repeat- 


ed conversions using precision voltage standards to pro- 
vide the 
input 
voltages. The 
array 
dd] ] is used 
throughout as temporary storage. 


Generally, typical data is drawn from xj ] only. When 
minimum and maximum data is desired, x[] and dx] ] 
are used to find the range of possible input voltages that 
could cause each code. For example, typical zero offset 
is found by simply subtracting 0.5 LSB from the value 
of x[O]. But, the minimum and maximum zero offset 
would be calculated as x[O] - 0.5 LSB ± dx[0]/2. 


The listings are provided to show exactly how perform- 
ance data is calculated. They are not meant to be com- 
piled by the reader. In fact, they are too incomplete to 
compile correctly, as some support routines and global 
data structures are not provided. 
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•• 


, 


Ilnclude 'IDPIIADTIIAC•• ' 
'Incllde 
'IDPIITDlASU' 
.lnclaGe 'IOPII.BWE 
•• ' 
MeflH 
I.SI llOI.lYCc/fpo,12."ltllI) 
Me'he 
Fe! I1ntJlpo,12,IIIIIU) 
- 2) 
lllde' 111 
'ullde' III 
hide' 
Ill. 


doable pot/a, 
bl 
Ut 
I, 
b; 
I 
/.pow ./ 
_le 
teap: 
lit 
I: 
teap : 1.0: 
tor (I : I: 
I (: 1(tIU .): 
1++, 
tetp: 
tetp • 1I 


retura ftetPI: 


) 
/. pot ./ 


dcMIbletab'lll 
double I: 


f 
If 1.1( 0) 
retuI 
I-I): 
else retur. 
(1); 
I 


lat 11ft1'. bl 
doIIble I. b: 
I 
if (I ( bl 
retara Il); 
elM It I1 ) b) 
retarll 12); 
elM retarD 101: 
I 


lilt 111(1. b)· 
doIble I, b: 
I 
retarD fllftlb. 
Ill; 
I 


doable tYlIIotf 11, dll 
float 
11). dill: 
I 
doIIble PO'''; 
reta,. 
11101 - 10.5 • LSlI): 
I 


doable 11180ft/I. 
dl) 
float Ill. 
dl! I; 
I 
_le 
,"0: 
retl" 
11(0) • (dIIO) 
/ 2,01 - 0.5 • I.SII; 


) 


doable II"oft/l. 
dl) 
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float Ill. 
dll I: 
I 
double pow/): 
retUrD fI(OI • (dl(OI /2.01 
• 0.5' 
LSJ): 
, 


dOUbletypfse(l. 
dl) 
float I(). 
dIll: 
I 
double poI(): 
returD (I(FCTl • (1IOI•.,ee 
• (1.5' 
LSI)II: 
, 


double Illfsell, 
dr) 
float 11\, dl[ I: 


I 
double poI(): 
return (l1(FCTI • (dIIFCTI / 2.0)) • 11IOI.IVCC• (1.5 , LSI))I: 
, 


double Inftell, 
dll 


float 11), dill: 


I 
doaJlle POll!: 
return /(rIFCTI t (dIIFCTI /2.011 
- (lOI.nee 
- (1.5' 
LSIIll: 


} 


Int IIbterrorll, 
dl. dd, start, 
stopl 
/' 
trllUtlol 
absolate error '/ 
float Ill. 
dIll, 
ddll: 
unSigned lat start. 
sto~: 


( 
double POlO, f.bsll: 
rat 1, lorat: 
for 11 : lorat 
= start: 
1 (: stop: 
1++) 
( 
ddlll 
: 1(11 - ((double) I t 0.51 ' LSI: 


If It.ba{ddl1ll 
) tabuddfloratlll 
lorst 
: 1: 


I 
retarD Ilorst): 


) 


Int ubserrordl(I, 
dl, dd, start, 
stop) /' trlBSltlOI absolute error ./dl 
'/ 
float 11), dl[). 
ddlI: 
UnSIGnedInt stut. 
stop: 


( 
double po.0 , f.ball: 
Int 1, IOrst: 
double tl, 
t2: 


tor 11 : worst: 
start: 
I (= stop: 
1++) 
( 
tl 
= /1111 - (dllll 
/2.011 
- Il(double) 1+ 0.5) , LSII: 
t2: 
(1111 t (dIll) 
/ 2.0)) - (((double} 1 + O.M 'LSe): 
If Uabsltll 
) tabllt21) 


ddlll 
= t1; 


else ddlll 
= t2: 
11 Ulbs(dd[111 ) f.ba(dd[.orstlll 
.orst 
: I: 


I 
retara 
(.orst); 


1 
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lit 
t~I1I14I(I. 
dJ. dd•• tart. 
stopl 
,. tb _11. 
IIIIMJI lid dJ ., 
float I(). dJ(J. dd(); 
'III~ 
lit 
start .• top: 
( 
t.t 
I, ront; 
doIIIl. pof!t. tYPIOff(l, typ'''O, 
fu.!t: 
4011111 OIdJ, 91d.l. tl, 
t2: 


oad) = tYPloffll. 
dll: 
q.dJ • 1.0. 
(ltYP' •• (I, dJl - OIdJ) '1(.topJ): 
270365-A9 • 


Int t~IUII, 
'1. 
dd.• tart, 
.topl 
/. tll _UI 
•• t~ 
lOlly *' 
flOlt I[ I. dIll, 
ddlJ: 
YR.lqHd Ut stlft, 
.top: 
I 
Ut 
I, ,orst: 
doIble pofO, tYPlotfll, 
typfle(), 
'Ibsll; 
doable 01'1. q.dJ: 


Old) , typloffll, 
dJl: 
qa,j , 1.0 • Iltvpflell, 
dJl - oadjl , 1[.tOPJ); 


for (1 , worst, 
nut: 
1 (, stop: 
IU) 
I 
d.[ I J 
' 
11(1J 
- OIdj) • qadJ - ([ (doIIIl.) 1 • M) 
* LSlI: 
If (f.b.,ddU) I ) fUI(ddrrorstlll 
rorst 
' I: 
) 
retur. 
(worstl: 
) 
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IOnt 
: ltart: 
If Iltart 
•• 01 
( 
cId[O) : dI[OI 
/ 2.0: 


for U : fOut 
: ltart: 
1 (: ItOP: 
1++1 
( 
tI : 11[11 • IdllIl 
/ 2.01 - oa4J1 ' 414j • 1(lcIoabl'l 1 .0.51 
' LSII: 
t2: 
11(1) • (dl[1) /2.01 
• oadJl ' ga4j • 1(Idoublel 1 .0.51 
' LSI): 


11 Iflblltll 
) f'.llt2" 
4411) : t1: 
ell. 
4dUI • t2: 
if (lIbl(dd(l)1 
) ,.b.ldd[fOutJIl 
.orst 
• 1: 


) 
r.tarD (.ont 
I: 
I 


lat Idal/I. 
dl. 114.ltart .• topl 
float 1/). dl/). 
ddll: 
lit 
start. 
.to,: 
( 
lit 
1. fOrst: 
doabl. pow(l. 11•• (1: 
doaIIl. oa'j. 
4IdJ: 
doabl. typt •• (). tYplotf/l: 


/. all I. lOlly 
'/ 


oadJ : typloffll. 
dll: 
g.dJ : 1.0 • Ilt."f"ll. 
dI •• 
oadJI / I/Itot)l: 


.ont 
: .tart: 
if Istart 
•• 01 
( 


dd/O) 
= 0.0: 
ltart++: 
I 
tor 
(I • start: 
1 (: stop: 
1++' 
( 
114(11: 11(1) • oadJI •.Id, 
• (1(1 • I) • oadJl ' gadJ 
• LSI: 
1t (foslll4(lJ1 
) flbs(44[.orstJII 
fOrst = 1: 
, 
retun 
I,orlt): 
) 


lit 
loldlll. 
dl. dd. ltart. 
Itop) 
float Ill. 
dill. 
dd[I: 
lit 
Itut. 
ItOP: 
( 
lit 
1. wont: 
doabl. powll. 101/1: 
do4Ibl. 1I. t2: 
doabl. oadj. gadJ: 
double ty,' •• Il, 
t'fPIotf(): 


/. asllq I lid 41 ./ 


oad.l : typtlOtf!l. 411: 
gadJ : 1.0. 
IItYP'''!I, 
dll • oadJ) /1(ltotll: 
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tor (1 : I: 
1 (I: 
1++1 
1f ((1(1 - I1 • Idl(1 - I) , 2.0)1 
( (1(11 
- (dllIl 
, 2.01 - t,.ru.fllI_.t.,1I 
l.nls++: 
. 


retarn Uevelll: 
) 
270365-81 • 


ltart •• : 
1 
for it : IUrt: 
1 (: stop: I'" 
( 
tl : /1(1) 
- (411(11 , 2.01 - odJl 
• fMj 
-(1(1 
- I) • IdllI 
- 1I , 2.0) - oa'J 1 • Gld, 
• LSB: 
t2 • II( 11 • (dI(1) , 2.01 - oHJ I • 9MJ 
-11(1 
- I) - fdlll 
- 1) , 2.0) - OIdJ) 
• •• fj 


- LSB; 
if (flb.(t!) 
) fab.,t2)l 
4141(1): t1: 
e••e dd(l) • t2: 
If fflbllddllJl 
) fab.fdd{woutll) 
worst: 
I; 


1 
retar. Iworat): 
I 


iat resl"e"'I. 
drl 
,. 
Uld. r.solltlOl 1I 1".11 ., 
float I(). 
dI{): 
I 
ht 1. 1".1., I: 
doIIblt pow0; 


1".11 : I: 
n : flit! 
pow12.abltal 
- 1: 
If 
f (1(0) 
- 1411(0) I 2.01 ) 0.011 
1".1•••; 


listing 
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APPENDIX 
D 
SAMPLE CONVERTER 
DATA 


The following pages include printouts describing the 
performanceof an 8097BH.The data shown is for one 
device and is provided for illustrative purposes only. 
Users should only rely upon data sheet specifications 
for the exact devicethey are designingwith. 


VREF = 5.120 volts. Following Table D2 are several 
error plots that describe Absolute Error, Terminal- 
based Non-Linearity, Differential Non-Linearity and 
Repeatability for the test device code-by-code. The 
y-axis in the plots is the error in volts for each code 
transition, where code transitions make up the x-axis. 


Table D1 summarizesmany performancemeasuresfor 
one converter at 25 C, 12MHz, Ycc = 5.00volts and 


Table 01. Sample Converter 
Data 


Test 
ID = DOH 
sN: 
4130 
(1022H) 
T = 25.000000 
Vcc = 5.000000. 
Avcc = 5.~20000 
Freq = 12.000000 
Chan. = 3 
States 
= 188 
Mode = OH 
XO.15 1/28/87 
Transition 
Characterization 
Parameter 
Listing 
Large 
Step = 0.001000 
V 
Small 
Step = 0.000100 
V 
Endpoints 
when 
(1/100) 
are 
wrong 


Center 
is 
50 percent 


Typical 
Offset 
Error 
= -0.001923 
Maximum Offset 
Error 
= -0.002460 
Maximum Offset 
Error 
= -0.001385 


Typical 
FS Error 
= -0.000566 
Maximum FS Error 
= -0.001254 
Minimum FS Error 
= -0.000120 


Absolute 
Error 
(typ) 
40 
= 0.004157 
Absolute 
Error 
(max) 
40 
= 0.004795 
Absolute 
Error 
(min) 
325 = 0.001111 


nrrr , Non. 
Lin. 
Error 
(max) 40 = 0.003747 
nrrr , Non. 
Lin. 
Error 
(min) 
FF = -0.001071 


Term. 
Non. 
Lin. 
Error 
(max) 
325 = -0.004102 
Term. 
Non. 
Lin. 
Error 
(min) 
40 = 0.002148 


Maximum Reliability 
Error 
3Dl = 0.001875 
Minimum Reliability 
Error 
3A7 = 0.000974 


Resolution 
is 
1024 levels. 
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.DSOlutP. srrer 
. SI ' HlO 


Ylla' 
JUI: 
-U.0052 
+ 0 - 
0.0052 
,------_ .._------,-----_ 
.._-_._--, 
0: 
0.002460: 
,t 
1: 
0.002214: 
, 


2: 
0.002251: 
I 


3: 
0.002171: 
, 


f: 
0.002597: 
I 


,5: 
0.007.201: 
, 


b: 
0.002334: 
, 
7: 
0.002172: 
I 
8: 
0.002579: 
I 
9: 
0.002131>: 
I 


A: 
0.002263: 
, 


M: 
0.002l19: 
I 
c. 
0.0026~2: 
, 
P: 
0.002230: 
, 
E: 
0.002280: 
I 


F: 
0.002062: 
, 


10: 
0.002581: 
, 
11: 
0.002203: 
, 


12: 
O.002UO: 
, 


13: 
0.002165: 
, 
H: 
0.002578: 
, 


15: 
0.002129: 
, 


16: 
0.002262: 
, 


1'1: 
0.002192: 
/ 


18: 
0.O(j253~: 
/ 


/9: 
0.002223: 
/ 


U: 
0.002383: 
I 


\8: 
0.002~00: 
I 


IC: 
0.002473: 
/ 


ID: 
0.002268: 
/ 


lE: 
0.002418: 
/ 


IF: 
0.001994: 
/ 


20: 
O.00274l: 
/ 


21: 
0.0023'l2: 
/ 


22: 
0.002516: 
I 


23: 
0.002392: 
I 


24: 
0.002713: 
/ 


1.5: 
0.002W1: 
/ 


26: 
0.002612: 
1 


27: 
0.002299: 
I 


28: 
0.002687: 
, 


29: 
0.002580: 
I 


2~1 0.002673: 
, 
28: 
0.002424: 
I 


2C: 0.002787: 
, 


20: 
0.002487: 
I 


2£: 
0.002733: 
I 


2F: 
0.0022f6: 
I 


30: 
0.002865: 
I 


31: 
0.002534: 
I 


32: 
0.002605: 
, 


33: 
0.002155: 
I 
3f: 
~.002841: 
I 
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270365-70 


•• 


3~: 
o.ooms: 


:16: 
0.602698: 
31: 
0.002~1: 
38: 
0.002945: 
39: 
0.002823: 
3A: 
G.oo3036: 
lB: 
0.002155: 


3C: 
0.002959: 
3D: 
0.002879: 
31: 
0.0031(16: 
3F: 
0.002U9: 
40: 
0.004194: 
41 : 
0.004299: 
42: 
0.004532: 
43: 
0.004334: 
H: 
0.004646: 
45: 
0.004081: 
tb: 
O.004'i26: 
41: 
0.0041'13: 
48 
0.004517: 
49' 
O.OOU2t: 
4A: 
~.ooHt3: 
ta: 
0.004282: 
fe: 
0.004584: 
40: 
0.004149: 
4£: 
O.004t86: 
4P: 
0.003958: 
50: 
0.004518: 
51: 
0.00U01: 
52: 
0.004191: 
53: 
0.004020: 
Sf: 
0.004278: 
55: 
0.004059: 
56: 
0.004220: 
57: 
0.004132: 


!>8: 
0.004319: 
!t9: 
0.004012: 


!>A: 
O.00U85: 
51: 
0.004071: 
5C: 
0.004334: 


50: 
0.003908: 
~E: 
0.00417?: 
SF: 
0.003589: 
60: 
0.003976: 
61: 
0.003753: 
62: 
0.003956: 
63: 
0.003849: 
64: 
0.003969: 
65: 
0.003566: 
66: 
0.003788: 
67: 
0.003671: 
68: 
0.003579: 
69: 
0.003404: 
6A: 
0.0033'19: 
68: 
0.003459: 
6C: 
0.003583: 
60: 
0.003245: 
6E: 
0.003450: 
6f: 
0.003200: 


70: 
0.003408: 


•• 


• 
* 
* 
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1J: 
~.OOJiOJ: 
7l: 
C. OC.:Z:le: 


'/3: 
0.003201: 


74: 
0.003281: 
7S: 
0.002882: 


16: 
0.0031b1: 


1'1: 
0.003112: 


78: 
0.003000, 


7~, 
0.002833, 
7A, 
0.U02989, 
18, 
0.002932: 


7C, 
0.002924, 


7D, 
0.002716: 
7E, 
0.002759, 


7F: 
0.002027, 


80: 
0.003422: 


81, 
0.003129: 
82, 
0.00:!322: 


8J, 
0.003169: 


84, 
0.003202: 


85: 
0.002953, 
86: 
0.003086: 


6'/, 
0.002897, 
88: 
0.003038: 


69: 
0.002446, 


8A, 
0.002983: 


68, 
0.002b23: 
8C: 
0.002813, 


80: 
0.002593, 


8£: 
0.007.485: 
6f, 
0.002415, 
%, 
0.002791, 


91, 
0.002647, 


92: 
0.002812, 


~3: 
0.002576, 


94: 
0.0026112, 
95, 
0.002514, 


96: 
0.002711, 


q'/, 
0.002405, 


98, 
0.002593: 


99, 
0.0022611, 


9A, 
0.002550: 
~I: 
0.002340: 


qc, 
0.002412, 
9D, 
0.002118, 


91:, 
U.002303: 


9P: 
0.0017S4, 
AO: 
0.002191: 


AJ: 
0.001893: 


Al: 
0.002259, 


AJ, 
0.001986, 
At: 
0.002103: 
A5; 
0.001881, 
Ab: 
0.002071: 


A7: 
0.001933: 


A8: 
0.002059, 


A9: 
0.001792, 
AA: 
0.001967: 


48, 
0.001776: 


AC: 
0.001864, 


• 
• 
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£9: 
0.OO~7.25: 
EA. 0.002263: 
£8. 
0.002llJ: 
BC: 0.002233: 
ID: 
0.0021'12: 
EE: 0.002369: 
IF: 
0.002149: 
PO: 0.002216: 
FI: 
O.OOIUI: 
F2: 
0.002051: 
P3: 
0.001935: 
F4: 
0.001965: 
'5: 
0.001729: 
~6: 
0.001919: 
F1: 
0.001899: 
F8: 
0.001589: 
F9: 
0.001118: 
FA. O.00193~. 
n: 
0.001156: 
FC: 
0.001915: 
FD: 0.001832: 
FE: 0.001920. 
FF: 0.001041: 
lOO: 0.002291. 
101: 0.002008: 
102: 0.002296: 
103: 0.001915: 
104. 0.001946: 
105: 0.0018": 
106: 0.001884: 
101: 0.001811: 
108: 0.00213~: 
109: 0.001921: 
lOA: 0.002009: 
108: 0.001832. 
IOC, 
0.001903: 
lOO. 0.001694: 
10£: 0.001838: 
lOP: 0.001531: 
110, 0.001681: 
111: 
0.001436: 
U2: 
0.001730: 
113: 0.001631: 
114: 0.001636: 
115: 0.001314: 
116: 
0.001550: 
111: 0.001500: 
U8: 
0.001~30: 
119: 0.001411: 
Ill: 
0.001390: 
Ill: 
0.001271. 
lie: 
0.001321: 
liD: 
0.001014: 
liB: 
0.001268: 
liP: 
O.oooe14: 
120: 0.001401: 
121: 0.001052: 
122: 
0.001193: 
123: 
0.001106: 
12.: 
0.001253, 


i 


t 
• 


t 
•• 


•I 
I 


• 
I 


• 
I 
• 
I 
• 


•• 


••••• 
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* 
* 
* 


In: 
O.••• '/Sa: 
126: 
O.0009S3: 
127: 
0.000976: 
128: 
0.0010801 
1291 
0.000937: 
12A: 
0.001181: 
121: 
0.001018: 
12C: 
0.000959: 
121: 
0.000162: 
121. 
0.oooeI2: 
12F: 
0.000813: 
130: 
0.000933: 
131: 
0.000671: 
132: 
0.000811: 
133: 
0.000634: 
134: 
0.000929: 
135: -O.0006f7: 
IJ6: 
O.oooeaa: 
13'/: 
0.000539: 
133: 
0.001021: 
139: 
0.000850: 
llA: 
0.0007.9: 
13'1 
0.000809: 
IX: 
0.001032: 
Ilt: 
0.000788: 
131: 
0.000963: 
13F: -0.000681: 
140: 
0.002218: 
iu I 
0.002186: 
U?: 
0.002327: 
U3: 
'.tt2196: 
lU: 
O.OO2U1: 
US: 
•••• 2267: 
1~1 
0.OO2U5: 
1f71 
0.002385: 
!fa: 
0.0025Sf: 
149: 
O."~: 
"'I 
0.tt2420: 
If.: 
0.002682: 
ut. 
0.002523: 
HI: 
0.002299: 
141: 
0.002303: 
If', 
0.0020971 
lSOI 
0.0022611 
151: 
0.tt2121: 
1521 
0.002312: 
ISJ: 
O.tt2092: 
lSf: 
0.002264: 
155: 
0.001976: 
151>: 0.002034: 
IS7: 
0.002084: 
158: 
0.0022351 
159: 
0.001959: 
lSA: 
0.002011: 
158: 
0.002048: 
ISC: 
0.002104: 
151: 
0."1998: 
151: 
0.002110: 
15f: 
0.001935: 
160: 
'.002t7§: 


• 
* 


* 
* 


* 
* 


* 
* 
* 


* 
* 


* 
* 
* 


*• 


•• 
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161: 
0.001'/)): 
J62: 
0.001922: 
163: 0.001106: 
164: 
0.00\984: 
165: 0.001481: 
166: 0.001830: 
l6'/: 
0.001812: 
1/;8: 0.001981: 
169: 0.001880: 
164: 0.002022: 
168: 0.001136: 
161:: 0.001813: 
160: 0.001595: 
161: 
0.001620: 
16F: 0.001649: 
170: 0.001110: 
171: 0.0014Q2: 
112: 0.001635: 
113: 
0.001512: 
114: 0.001125: 
115: 0.001534: 
116: 
0.001601: 
\17: 
0.001527: 
118: 0.001743: 
l?q: 
0.00IU3: 
17.: 
0.001623: 
118: 0.001518: 
17C: 0.001528: 
I1D: 0.001336: 
17£: 0.001466: 
17F: 0.001457: 
180: 0.001971: 
181: 0.0017U: 
182: 0.001816: 
163: 
0.001707: 
184: 0.001894: 
185: 0.001598: 
186: 0.001600: 
187: 0.001498: 
188: 
0.00171\: 
1R9: 0.001478: 
IBA: 0.001654: 
1111: 0.001591: 
lac: 
0.001132: 
180: 0.001404: 
18£: 0.001536: 
18F: 0.001411: 
190: 0.001811: 
191: 0.001467: 
192: 0.001372: 
193: 
0.001310: 
194: 0.001323: 
195: 
0.001306: 
196: 0.001429: 
191: 0.001025: 
198: 0.001585: 
1'19: 0.001281: 
194: 0.001465: 
19B: 0.001323: 
ICJC: 
0.001540: 


•••• 


•• 
•• 


I 
1 


1 
I 
1 


1 
I 


1 
1 


1 
I 


1 
.1 
1 
1 
1 
I 
I 
1 
I 
1 
I 


1 
1 
1 
I 


•• 


••• 


Absolute 
Error, SN = 4130 (Continued) 


270365-75 


5-221 


• 


intel· 
AP-406 


19D: 
0.001262: 
1911 
0.001245: 
19': 
0.001201: 
140: 
0.001U3. 
141: 
0.001170: 
142: 
0.001361: 
143: 
0.0013211 
U4: 
0.001181: 
U~I 
O.oooa72: 


·U6: 
0.0010861 
147: 
0.001080: 
1481 
0.001l9S: 
149: 
0.001138: 
lA4: 
0.001204: 
I•• : 
0.001230: 
lAC: 
U.001210: 
lAD: 
0.000971: 
14£: 
0.001083: 
IAF: 
0.001274: 
110: 
0.001211: 
Ill: 
0.001133: 
112: 
0.001069: 
II~: 0.0010%: 
114: 
0.00106~: 
US: 
0.0010811 
111I1 0.001l24: 
1171 
0.001079: 
118: 
0.001040: 
119: 
0.001081: 
IIAI 
0.001lS3. 
I••: 0.001297: 
lie: 
0.001124: 
liD: 
0.00100f>: 
liE: 
0.00104111 
11': 
0.001061. 
ICO: 
0.002475. 
IC). 
0.0023511: 
1C2: 
0.002538. 
IC3: 
0.002457: 
let: 
0.002712: 
ICS: 
0.002415: 
1C6: 
0.002579: 


1C7: 
0.0024:16: 
ICS: 
0.002196: 
IC'I: 
0.002388: 
leA: 
0.002368: 
IC!: 
0.002426: 
Ice: 
0.002661: 
ICD: 
0.002462: 
lCI: 
0.0024911 
IC': 
0.002396: 
lOO. 
0.002617: 
181: 
0.002399: 
102: 
0.002503: 
ID3: 
0.002(53: 
114: 
0.002623: 
lDS: 
0.002fU: 
116: 
0.002423. 
187: 
0.002490. 
J181 
0.002606: 


I 
I 
•• 
I 
I 
I 
•••• 
* 
*• 
* 
* 
*I 
• 


* 
* 
* 


I 


* 
* 


* 
*•• 
I 


t 
I 
t 
•• 
t 


Absolute 
Error, SN = 4130 (Continued) 


270365-76 


5-222 


intel· 
AP-406 


ID9: O.001.~51: 
ID.: 
0.002439: 
lOB: 0.002382: 
IUC: 0.002426: 
IOU: 0.002376: 
10£: 0.002443: 
IDF: 0.002531: 
IEO: 0.002583: 
1£1: 0.002038: 
1£2: 0.002371: 
1£3: 0.002043: 
114: 0.002350: 
1£5: 0.002166: 
1£6: 0.002351: 
U7: 
0.002363: 
1&8: 0.002455: 
IE9: 
0.002002: 
11A: 0.0021.'19: 
IEB: 0.002lf6: 
lEC: 0.0022'19: 
I£D: 0.002072: 
IE£: 
0.001960: 
I£F: 
0.002221: 
IFO: 0.002314: 
IPI: 
0.001940: 
IF2: 
0.002086: 
IFJ: 
0.002310: 
IF4: 
0.00218&: 
IF5: 
0.002075: 
IF6: 
0.002065: 
1F1: 0.002267: 
IF8: 
0.002187: 
IF9: 
0.002002: 
IFA: 0.002120: 
If8: 
0.002133: 
IFC: 0.002158: 
IFD: 0.001937: 
IF!: 
0.002079: 
IFF: 
0.OOH09: 
200: 
0.001879: 
201: 
0.001707: 
202: 
0.001'105: 
203: 
0.001557: 


204: 
0.001658: 
205: 
0.001661: 
206, 
0.001683: 
207: 
0.001595: 
208: 
0.001535: 
209, 
0.0011'19: 
20A: 0.001610: 
lOB: O.OOH54: 
2OC: 0.001370: 
200: 
0.001262: 
20E: 0.001179: 
lOf: 
0.000983: 
210: 
0.001405: 
211: 
0.001074: 
212: 
0.001168: 
213: 
0.001193: 
7.14: 0.001420: 


* 
* 
* 
* 


* 
* 
•• 


* 
* 


270365-77 


Absolute 
Error, SN = 4130 (Continued) 


5-223 


• 


intal.. 
AP-406 


215: 
0.001162: 
I 
• 
216: 
0.0013'-3: 
I 
• 
217: 
0.001268: 
I 
• 
218: 
0.0012'16: 
I 
• 
219: 
0.00IH7: 
I 
• 
2lA: 
0.001036: 
L 
• 
~1I: 
0.001170: 
I 
• 
21e: 
0.001~~1: 
, 
• 


21D: 
0.001065: 
I 
• 
21£: 
0.001216: 
I 
• 
ZIF: 
0.000666: 
, 
• 
220: 
0.001304: 
I 
• 
221: 
0.000988: 
I 
• 
222: 
0.001207: 
I 
• 
223: 
0.001066: 
I 
• 
224: 
0.001079: 
I 
t 
22~: 
0.001029: 
I 
t 
226: 
0.00097J: 
• 


221: 
0.000968: 
t 
228: 
0.001203: 
t 
229: 
0.000949: 
t 


22A: 
0.001026: 
t 


228: 
0.0010~1 : 
• 
22C: 
0.001118: 
• 
22D: 
0.000887: 
t 
221: 
0.001149: 
• 
22f: 
0.000738: 
• 


230: 
0.0012lf: 
t 
l3J: 
0.000920: 
t 
232: 
0.001203: 
t 
233: 
0.000978: 
t 
234: 
0.001203: 
• 
235: 
0.001081: 
I 
• 
236: 
0.001003: 
I 
• 
237: 
0.001053: 
I 
• 
238: 
0.001235: 
I 
• 
239: 
0.000705: 
I 
• 
23A: 
0.001066: 
I 
• 
231: 
0.000924: 
I 
• 
23C: 
0.001087: 
I 
• 
23»: 
0.001000: 
I 
t 
231: 
O.OOJOO6: 
I 
• 
23': 
-0.000185: 
• 
I 


240: 
0.002137: 
I 
• 
241: 
0.001'168: 
I 
t 
242: 
0.002196: 
I 
t 
ZU: 
0.002027: 
I 
t 


2ft: 
0.002162: 
I 
• 
245: 
0.001918: 
I 
• 
246: 
0.002075: 
I 
• 
247: 
0.001811 : 
I 
• 
248: 
0.002060: 
I 
• 
249: 
0.002108: 
I 
• 
244: 
0.002100: 
I 
• 
2•• : 
0.002060: 
I 
• 
24C: 
0.002217: 
1 
• 
24.: 
'.OO203~: 
I 
• 
241: 
0.00224~, 
, 
• 
24': 
0.002190: 
I 
• 
250: 
0.002415: 
1 
• 
270365-78 


Absolute 
Error, SN = 4130 (Continued) 


5-224 


intel.. 
AP-406 


lSI: 
0.002013: 
252: 
0.001259: 
253: 
0.002068: 
2S4: 
0.0023701 
255: 
0.002213: 
256: 
0.0023lf: 
257: 
0.002207: 
258: 
0.002259: 


259: 
0.402090: 
2!iA: 0.001956: 
258: 
0.002095: 


2!J1:: O.OOZ3'n: 
25D: 0.002086: 
2!>l: 0.002090: 
25'1 
0.001972: 
260: 
0.002137: 
261: 
0.001808: 


262: 
0.002022: 
263: 
O.ool94t. 


26.: 
0.002053: 


265: 
0.001856: 


266: 
0.0020t2: 


2ft7: 0.001940: 
2681 0.002020: 
269: 
0.0017621 


264: 
0.001820: 


261: 
0.001773: 
26C: 0.001850: 
261: 
0.001685: 


261: 
0.001910: 
26F: 
0.001794: 
270: 
0.001148: 
271: 
0.001653: 
272: 
0.001632: 
213: 
0.001S401 


27., 
0.001677: 


275: 
0.001356: 
2761 0.001582: 
277: 
0.001630. 


278: 
•• 001505: 
279: 
0.OOU03: 
27.: 
0.001t64: 


271: 
0.00U021 


27C. 0.001620: 
2'11: 0.0011061 
271: 
0.OOIt37: 


21F: 
0.001276: 
280: 
0.001913: 


281: 
0.001950: 


282. 
0.0020951 


283: 
0.0016201 
2et: 
0•.0020'16: 


285. 
0.001850: 
286: 
0.001951: 
287: 
0.001836: 
288: 
0.001726: 
289: 
0.001690: 
28&: 0.0017.3: 
288: 
0.001775: 
28C: 0.001551: 


t 
t 
t 
t 
t 
t 


t 
t 
t 
t 


t 
t 
t 
t 
t 


t 
t 


t 
t 
t 
t 
. 


t 
t 


t 
t 
t 


t 
t 


t 
t 
t 


t 
t 
t 
t 
t 


Absolute 
Error, SN = 4130 (Continued) 


270365-79 


5-225 


• 


intel.. 
AP-406 


t 
t 


t 


280: 
0.001610: 


281: 
O.OOIS99: 


28F: 
0.001S36: 
290: 
O.OOIS!i8: 
291: 
0.001423: 


292: 
0.001431: 


293: 
0.001255: 


294: 
0.001423: 
295: 
0.001151: 
2'16: 
0.001336: 


291: 
0.001311: 


298: 
0.001308: 


299: 
0.001125: 


29A: 0.001060: 
291: 
0.001134: 


29C: 0.001209: 
29D: 0.0001156: 
29~: 
0.001095: 


29F: 
0.000190: 
2AO: 0.000988: 
lAI: 
0.000839: 


2AZ: 
0.001122: 


2A3: 0.000913: 
lA4: 
0.000911: 
lA5: 
0.000710: 
lA6. 
0.000819: 


lA7: 
0.000807: 


lA8: 
0.001102: 
2A9: 0.000120: 
lAA: -0.000620: 
2A8: 
0.000799: 


2AC: 0.000991: 
lAD: 
0.000727: 


24£: 
0.000684: 


24P: 
0.000683: 
280: 
0.000713: 


2al: -0.000182: 
282: 
0.000601: 


l83: 
-0.000704: 


21.: 
0.000641: 


285: -0.000815: 
216: -O.00068S: 
287: -0.000716: 
218: 
0.000688: 


219: -0.000764: 
28A: -0.000661: 
288: -0.000781: 
21C: 0.000904: 
l.D: 
0.000107: 


2.': 
0.000763: 
21P: 
0.000844: 


2CO: 0.002248: 
lCI: 
0.001988: 


2CZ: 0.002111: 
2C3: 0.002005: 
2Ct: 
0.002215: 


2C5: 0.002183: 
2C6: 0.002092: 
lC7: 
0.002171: 
2ce: 
0.002366: 


t 
t 


t 
t 


t 
t 
t 


t 
t 


t 
t 
t 
t 


Absolute 
Error, SN = 4130 (Continued) 


270365-80 


5-226 


intel· 
Ap·406 


270365-81 


2C9: 
0.002105: 


2eA: 
0•002047 : 


2e.: 
O.002U2: 
2ec: 
0.002308: 
leD: 
0.002226: 
2e.: 
0.002106: 
2CF: 
0.001931: 
200: 
0.002298: 


201: 
0.001963: 
2D2: 
0.002106: 


203: 
0.0020lt: 
21l4: 
0.002136: 
205: 
0.0018.9: 
206: 
0.002152: 


2D7: 
0.002205: 


208, 
0.002087, 


2D9, 
0.001866, 
20A: 
0.00230.: 


2bl: 
0.00223*: 
lOC: 
0.002308: 
200: 
0.001769: 
2DS: 
0.002155: 
2DP: 
0.00203f: 


2EO: 
0.001801: 
2£1: 
0.001788: 
2E2, 
U.001813: 


2£3: 
0.001724: 
2E4: 
0.001537: 


US, 
0.001622: 
2£61 
0.001'/97: 


2£1: 
0.0017<jq: 
2£8: 
0.001720: 
2£9, 
0.001537, 


2EA: 
0.001715, 
2£1, 
0.001385: 
2BC, 
O.OOUiS7, 
2ID, 
O.OOUM: 


2EE: 
0.001508, 
2£F, 
0.001373, 
2FOI 
0.001.88, 


2Ft, 
0.001379, 


2F2: 
0.001508, 
2F3, 
0.001325, 
2,., 
0.00138~: 
2'5, 
0.001225: 
2F6, 
0.001381, 
2F7: 
0.001301, 
2F8, 
O.OOU68: 
2P9: 
0.001136: 
2FA: 
0.001032. 
lfB: 
O.000957: 


2fC: 
0.001102: 


2'D: 
0.001088: 


2FE: 
O.OOO9<jq: 


ZPF, 
0.001571, 


300, 
0.00H84: 
301: 
0.001278: 


302: 
0.001f63: 
303: 
0.001298: 


304: 
0.001282: 


••• 


•• 
•• 


• 
• 
t 


t 
• 
t 


t 
• 


t 


t 


t 
t 
• 


Absolute 
Error, SN = 4130 (Continued) 


5-227 


intel· 
AP-406 


305: 
0.001267: 
lOO: 0.001317: 
307: 
0.001154: 
308: 
0.001373: 


.lU9: 0.001001: 
lOA: 0.001208: 
lOB: 
O.OOll:U: 


lOC: 
0.001258: 
30D: 0.001135: 
301: 
0.001168: 
30F: 
0.000911, 
310: 
0.001021: 
3l1: 
0.000689: 
312: 
0.0009'10: 
313: 
0.000857: 
314: 
0.000941: 
315: 
0.000651' 
316: 
O.OOO'/9f: 
317: 
0.000744: 
318: 
0.000790: 
319: 
0.000702, 
31A: 
0.000724: 
JIB: 
0.000613: 
31e: 
0.000823: 
31D: 0.000691: 
3IE: 
C.000789: 
31F: -0.000870: 
320: -0.000695: 
321: -0.000923: 
322: -0.000784: 
32:1:-0.000845: 
32.: -0.000107: 
325: -0.001111: 
326: -0.ooon6: 
32'/: -0.000991: 
328: -0.000893: 
329: -0.0010~9: 
32A: -0.000888: 
~lB: 
'0.001001: 
32C; 0.001505: 
32D: 0.001J5O: 
32£: 
0.001438: 
32F: 
0.001358: 
330: 
0.001612: 
331: 
0.001368: 
332: 
0.001645: 
333: 
O.OOlf82: 
334, 
0.001753: 
335: 
0.001664: 
336: 0.00l732: 
337: 
0.001582: 
338: 
0.001661: 
33q: 
0.001472: 
33A: 0.0111472: 
331: 
0.001522, 
33C, 0.001702, 
33D, 0.001371: 
33~, 
0.001545: 
33F: 0.001281: 
340: 
0.002'lflO, 


t 


t 


t 
t 
t 


t 


t 


t 


t 


t 


t 


270365-82 


Absolute 
Error, SN = 4130 (Continued) 


5-228 


intel· 
AP-406 


270365-83 


• 


341: 
0.002'109: 
342: 
0.OOl828: 
3U: 
0.002542: 
344: 
0.0027841 
345: 
0.002719: 
346: 
0.002590: 
347. 
0.002871: 
348. 
0.003014: 
349: 
0.003003: 
3U: 
0.002773: 
34b: 
0.002744: 
3~: 
0.003031: 
340: 
0.002612, 
34£, 
0.002854: 
34F, 
0.002906: 
350: 
0.002960: 
351: 
0.002142, 
352: 
0.002836: 
353, 
0.002154: 
354: 
0.003012: 
3~S, 0.002821: 
3561 0.003011: 
351: 
0.003037: 
3SB, 0.002163: 
359, 
0.002649, 
3!lA, 
0.0025~, 
351: 
0.002773: 


.lSC. 
0.002.,93. 
l~: 
0.OOlf79. 
35£: 
0.002709: 
JSf: 
0.002716: 
360: 
0.002505: 
361: 
0.OOZ437: 
362. 
0.002451: 
363. 
0.002320: 
364. 
0.002448: 
365. 
0.0022M. 
366: 
0.002315: 


:161: 0.002312: 
3681 0.002421: 
369: 
0.002251: 
J6A, 0.002330: 
361: 
0.002212, 


:l6C: 0.002269: 
36t. '0.001925: 
36£: 
O.002ISB: 
36F. 
0.002229: 
370: 
0.002246: 
311: 
0.001929: 
312: 
0.002095: 
313: 
0.002046: 
374: 
0.002085: 
375: 
0.00187": 
376: 
O.CIOl926: 
m. 
0.002039: 
378: 
0.001961. 
379, 
0.001932, 
374, 
0.002019: 
37.: 
0.001950: 
37C: 
0.001922. 


• 
t 


f 
'I 
1 
I 


f 
I 
I 
I 
I 
I 
1 


t 
• 


• 
t 


t 
t 
•• 


Absolute 
Error, SN = 4130 (Continued) 


5-229 


intel.. 
AP-406 


37D: 0.001815: 
3'1£: 0.001689: 
:11F: 0.002200: 
380: 
O.002OM: 


.l81: 
0.001764: 
:182: 0.001910: 
383: 
0.0019f5: 
J84: 
O.00IQ13: 
385: 
0.001866: 
386: 
0.001889: 
387: 
0.001800: 
388: 
o.ool'm: 


389: 
0.00IfS4. 
38A: 0.001584: 
381: 
0.001477: 
38C: O.ooH69: 
J80: 
0.001268: 
381: 
0.001562: 
38P: 0.001268: 
390: 
0.001568: 
391: 
0.000946: 
392: 
0.001f23: 
393: 
0.001232: 
394: 
O.OOlfgq: 
395: 
0.001255: 
396: 
0.001087: 
391: 
0.001265: 
398: 
0.001421: 
19q: 
0.001169: 
39.: 
0.00126Q: 
398: 
0.001245: 
39C: O.OOIHO: 
39D: 0.001153: 
3QI: 
0.001402: 


39FI 0.001260: 
lAO: O.ool36l: 
lAI: 
0.0011.~: 
342: 
0.001221: 
3A3: 0.001155: 
3U: 
0.001452: 


3A5: 0.001302: 
3A6: 0.001138: 
3A1: 0.001079: 
JA8: 0.001378: 
JA9: 0.001043: 
344: 
O.OOIIfS: 


3A1: 0.001207: 
3AC: 0.001161: 
3AD: 0.00113J: 
3AB: 0.001l3?: 
3AP: 0.001175: 
380: 
0.001159: 
381: 
0.000747: 
382: 
0.000927: 
l83: 
0.000883: 
384: 
0.001127: 
385: 
0.00078f: 
316: 
0.001002: 
3.7: 
0.001058: 
318, 
0.00090', 


• 
• 


I' 


1 
I 


1 


1 


1 


1 


1 
I 


1 
1 


1 


1 
I 


1 


1 
I 


1 
I 


1 
1 
I 
I 
I 
I 
I 
1 
I 
I 
I 
I 


1 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 


1 
I 


1 
I 
I 


•• 
• 


•• 
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Absolute 
Error, SN = 4130 (Continued) 


270365-84 


5-230 


intel.. 
AP-406 


J'~: 
0.OOO7SZ: 


.\lA: 
0.000941: 
3•• : 
0.000912: 


lie: 
0.000949: 


3ID: 
0.000912: 


liE: 
0.000'l46: 


JIE: 
0.001226: 
:!CO: 0.001963: 
JCI: 
0.001~!>4: 
3C2: 0.0011lOf: 
JC3: 
0.0019!oO: 
:!Cf. 
0.002170: 
JC~: 0.001196: 
3C6: 0.002087: 
3C7: 0.001177: 
3CI: 
0.002113: 
~: 
0.00208f: 


:!CA: 0.00216J. 
JeI: 
0.002031>: 


:!CC: 0.002131: 
3CO: 0.002017: 
:!CE: 0.001908: 
:!CF: 0.001909: 
310: 
0.0021~9: 
301: 
0.0021.9. 
382: 
0.001986: 


303: 
0.001811: 
3Df: 
0.001939: 


305: 
0.001809: 


316: 
0.001920: 


JD7: 0.001776: 
388: 
0.0020611: 
389: 
0.00176f: 


3DoI: 0.00187f: 
301: 
0.001881: 


3DC: 0.001942: 
310: 
0.001808: 
3B: 
0.001138: 


lIP: 
0.001993. 


310: 
0:00173'1: 
311: 
0.001712: 


312: 
0.001616: 


313: 
0.001~76: 


3'f: 
0.001'12: 
315: 
0.00165l: 


3£6: 
0.001'12: 


3rh 
0.001730: 
lEe: 
0.001!>4': 


3£9: 
0.001693: 


lEA: 
0.001857: 
JEI: 
0.001638: 
31t: 
0.001738: 


liD: 
0.001581: 


lR: 
0.001579: 


3E': 
0.0017'0: 


JlO: 
0.001151: 


3P1: 
0.001f11: 


3F2: 
0.001342: 


J'3: 
0.OOU3'I: 


3Ft. 
0.001508: 


3F5. 
0.001163: 


3'6: 
0.0013fl: 


31'1: 0.001340: 
JFI: 
0.001373: 


JP9: 
0.001098: 


JlA: 
0.001106: 
JlI: 
0.0012f~: 


Jle: 
0.001320: 


JlI: 
0.001"': 


JlI: 
0.001254: 


IF': 
0.00סס00: 


I 
I, 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
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270365-85 


Absolute 
Error, SN = 4130 (Continued) 


270365-86 


5-231 


infel.. 
AP·406 


~on. LID. Error. SI ' tl30 


YIID: 
-0.0031 
,_._--------- 
0: -0.000000: 
1: -0.000291: 
2: '0.000256: 
3: -0.000343: 
.: 
0.סס0031: 
5:'0.000266: 
u: -0.000134: 
1: '0.000391: 
8: 
0.סס0001: 
q: '0.000386: 


&: -0.000210: 
S: '0.000256: 
c: 
0.000015: 
D, '0.000247: 
I: -0.000199: 
P: -0.000468: 
10: -0.סס0000: 
11:'0.000330: 
12:-0.000094: 
13:-0.000320: 
14:0.000040: 
)5:-0.000409: 
Ib: '0.000211: 
11: '0.000349: 
18: -0.000009: 
Iq: '0.000210: 
lA: -0.000112: 
11: '0.000296: 
le, 
-O.OOOIU: 
ID: '0.000281: 
11: -0.000132: 
IF: -0.000601: 
20: 
0.000131: 
21: -0.000162: 
22: -0.סס0039: 
23:-0.000215: 
2t: 
0.000101: 
25: 
0.000028: 
2b: 
O.000000: 
21: -0.000313: 
28: 
0.000123: 
Zq: 
-0.000085: 
2A: 0.סס0056: 
21:-0.000143: 
2e: 
0.000211: 
21: -0.000013: 
21: 
0.000061: 
2F: -0.000276: 
30: 
0.000290: 
31: 
0.000008: 
32: 
0.סס0078: 
33:-0.000323, 
34: 
U.000211. 


• 0 - 
._--, 


YI•• : 
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, 
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270365-30 


Non. Lln. Error, SN = 4130 


. 
5-232 


infel.. 
AP-406 


35: -0.000065: 
36: 
0.000165: 
37: -0.000106: 
38: 
0.000409: 
39: 
0.000186: 


3A: 
0.000398: 
3B: 
0.000166: 
3C: 0.000368: 
30: 
0.000287: 
3&: 0.000513: 
31': -0.000215: 
40: 
0.002141, 


41: 
0.001651: 
42: 
0.001983: 


43: 
0.001784: 
44: 
0.001994: 
45: 
0.001478: 
f6: 
0.001922: 
47: 
0.001611: 
48: 
0.001910: 
49: 
0.001616: 
fA: 
0.001833: 
0: 
0.001621: 
4C: 0.001872: 
to: 
0.001!>85: 
48: 
0.001771: 


U: 
0.001392: 
50: 
0.001900: 
51: 
0.001682: 
52: 
0.001511: 
53: 
O.OOU98: 
!If: 
0.001755: 
55: 
0.001485: 
56: 
0.001594. 
57: 
0.001455: 
!>8: 0.001641: 
59: 
0.001382: 
SA: 
0.001604: 
58: 
0.001489: 
5C: 
0.001650: 
50: 
0.001323: 
SE: 
0.001536. 
5F: 
0.000952: 
60: 
0.001437: 
61: 
0.001163: 
62: 
0.001365: 
63: 
0.001156: 
64: 
0.001275: 
65: 
0.000911: 
66: 
0.001141: 
67: 
0.000923: 
68: 
0.000980: 
69: 
0.000803: 
6A: 0.0007'17: 
68: 
0.000806: 
6C: 
0.000928: 
60: 
0.000589: 
6£: 
0.000193: 
6F: 
0.000592: 
70: 
0.000798: 


*1 


1 * 
* 


* 
* 


* 
* 
* 


* 
* 


* 
* 


270365-34 


Non. Lln. Error, SN = 4130 (Continued) 


5-233 


• 


intel· 
AP-406 


'11: 
0.00llH2: 
72: 
0.000S76: 


73: 
0.000531: 


74: 
U.000616: 


15: 
0.000216: 


76: 
0.000.93: 


71: 
0.000393: 


78: 
0.000330: 


79: 
0.000111: 


'IA: 
0.000216: 


78: 
0.000158: 
7C: 
0.OOOU8: 


1D: -0.000060: 
1E: 
0.000081: 


1F: -0.000601: 
110: 
0.0006'11: 


81: 
0.000"': 
82: 
0.000588: 


83: 
O.OOOf34: 


af: 
0.000566: 
8~: 
0.000265: 


86: 
0.000391: 


87: 
0.000157: 


88: 
0.000396: 


89: 
-0.000196: 
e.: 
0.000339: 


8.: -0.סס0021: 
8C: 
0.000166: 
8D: -0.00010f: 
81: 
-0.000163: 


Sf: -0.000285: 
90: 
0.סס0089: 
91:-0.000055: 
92:0.000051: 
93:-0.000129: 
9f: 
0.סס0025: 


95:-0.000194: 
96:-0.0000f8: 
97: 
-0.0002S5: 


98: 
-0.000119: 


'IQ: -0.000"5: 
'lA: 
-0.0002U: 


98: 
-0.000316: 


QC: -0.000305: 
90: 
-0.000650: 
9": 
-0.000f67: 


'IF: 
-0.000967: 


AO: 
-0.000481: 
AI: -0.000830: 
Al: 
-0.000fI6: 


A3: -0.000790: 
At: -0.00057f: 
AS: -0.0008f8: 
46: 
-0.000109: 
A1: -0.000898: 
A8: -O.ooonf: 
A9: -0.000892: 


AA: 
-0.000768: 
'1: -0.000911: 
At: 
-0.00082f: 
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""I'., 
•,,., 
• 
I.,,., 
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270365-35 


Non. Lln. Error, 
SN = 4130 (Continued) 


5-234 


le: 
-0.0012f2: 
ID: 
-0.001376: 
lE: 
-0.OOU7f: 
IF. -0.00173S: 
co: 
0.000398. 
Cl. 
0.000097. 
C2, 
0.000248: 
C3: 
0.000109: 
Cf. 
0.000316. 
CS. -O.OOOOM: 
C6: 
0.000322. 
C7. -0.000018. 
ca: 
0.0002M. 
C9: 
0.סס0018. 
CA: -0.000086: 
CB. 
0.000005, 
cc: 
0.000208, 
CD. 
-0.000U3: 


Cl: 
0.00009f. 
CF. -0.000093: 


DO. 
0.000058. 


DJ: 
'0.000191: 


D2: -0.0000f9, 
03. 
-O.ooOffS: 


Df: 
0.000056. 


DS: -0.000306: 
06. 
0.000023: 
D7, -0. OOOltS: 
08: -0.000116. 


D9: 
-0.000231: 


DA: -0.0000", 
01: 
-0.000158: 


DC: -0.000168: 
DD: -0.000.55: 
DE: -0.000301, 


DF: 
-0.000633: 


EO: 
-O.00032f: 
RI: 
-0.000830: 
£2, -0.000U1, 
13: 
-0.000605: 
Ef: 
-0.000729: 
15: 
-0.000709: 
16: 
-0.000527: 
£7: 
-0.000672: 


£8, -0.000t62: 
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Non. Lln. Error, SN = 4130 (Continued) 


5-235 


• 


intel· 
AP-406 


270365-37 


•• 


£9: 
-U.00069t: 


EA' 
·O.000~)1, 


ae: -0.000709, 
Ee, -0.000540, 
Q, 
-0.000752: 


11, -0.0005~7: 
IF, 
-0.OOO718: 
FO: -0.Ge0612: 
Fl: 
-0.000989: 


El: -0.000780, 
F3: -0.000'H7: 
Ft: -0.000868: 
p~: -0.00115(>1 
F6: -0.000107: 
F7: -0.001038: 
Fe: -0.001200: 
F9: -0.001222: 
FA: -0.000CJ56: 
F., -0.001087: 
FC: -0.000919: 
FI, -0.001063: 
R: -0.000977: 
FF: -0.001857: 
100: -0.000509: 
101: -0.000M3: 
102: -0.000606: 
103: -0.000828: 
104: -0.000859, 
105: -0.000982: 
106: -0.000973, 
107: -0.00104Z: 
108: -0.000775: 
109: -0.001040: 
10AI -0.00090.: 
101: -0.000'l82: 
IOC, -0.000912: 
101: -0.001173: 
101: -0.001030: 
10F: -O.OOI38Z: 
110: -0.001240: 
Ill: 
-0.001386, 
112: -0.001093: 
113: -O.OOIZ": 
114: -0.001240: 
us. 
-0.001503: 
U6: 
-0.001328, 
117: -O.OOlf80: 
118: -o.ooaol: 
119: -0.001521: 
llA: 
-0.001494: 
Ill: 
-0.00161.: 
UC: 
-0.001565: 


110: -0.0018U: 
us. 
-0.001621: 


I1P: 
-0.002076: 


120: -0.001541: 
J21: 
-0.001841: 
122: -0.001701: 
123: -0.001790: 
12.: 
-0.00164.: 


•• 


•• 


• 
•• 


Non. Lln. Error, 
SN = 4130 (Continued) 


5-236 


infel· 
AP-406 


270365-38 


125: -0.002lfO: 
126: -0.001946: 
127: -0.001975: 
128: -0.001772: 
129: -0.001967: 
lUI 
-0.00177.: 
121: -0.001888: 
12C: -0.001948: 
120: -0.002097: 
121: -0.002048: 
12F: -0.002lf8: 
130: -0.001980: 
131: -0.002243: 
132: -0.0020S4: 
133: -0.002233: 
13*: -0.00203'1: 
135: -0.0023*2: 
136: -0.002083: 
137: -0.002333: 
138: -0.0018%: 
139: -0.002125: 
13A: -0.002177: 
13.: 
-0.002168: 
IX: 
-0.001897: 
I3D: -0.002H2: 
13£: -0.002018: 
13': 
-0.002490: 
140: -0.000666: 
141: -0.000100: 
141.: -0.000560: 
lf3: 
-0.000692: 
U4: 
-0.000493: 
IfS: 
-0.000n4: 
146: -0.000607: 
147: -0.000659: 
148. -0.000441: 
H9: -0.000712: 
HA: -0.0005781 
HI: 
-0.000517: 
14e: -0.000527: 
HD: -0.000753: 
HE: 
-0.000650: 
Hf: 
-0.000857: 
ISO: -0.000688. 
151: -0.000880: 
152: -0.000146: 
153: -0.000917: 
J541 -0.000747: 
155: -0.000986: 
156: -0.000929: 
157: -0.000931: 
1!>8: -0.000731: 
159: -0.001008: 
lSA: -0.000898: 
ISI: 
-0.000972: 
lSC: 
-0.000867: 
ISO: -0.001075: 
151: -O.OOO9H: 
ISF: -O.OOIUO: 
J601 -0.001002: 


• 
*• 


•• 


*t 


• 
* 


Non. Lln. Error, 
SN = 4130 (Continued) 


5-237 


intel· 
AP-406 


161: ·0.00Il13: 
162: -0.00J051: 
163: -0.OOI27S: 
164: -0.00J048: 
165: -0.001502: 
166: -O.00US5: 
167: -0.001274: 
168: -0.001100: 
169: -0.001259: 
16A: -0.000968: 
161, -0.001205: 
16C: -0.001170: 
16D: '0.001"9: 
161: -0.001375: 
16F: -0.0013*71 
170: -0.001278: 
171: -0.001557: 
172: -0.001365: 
173: -0.00U301 
174: -0.001328: 
175: -0.001520: 
176: -O.DOHSS: 
177: -0.001480: 
178: '0.001315: 
179: -0.001617: 
17A: -0.001338: 
17., 
-0.DOlt84: 
17C: -O.OOH86: 
17D: -0.001679: 
171: -O.OOlflOO: 
17F: -0.001611: 
180: -0.001098: 
181: -0.001379: 
182: -0.001306: 
183: -0.001366: 
184: -0.001230: 
l85: 
-O.OOlt78: 
181>: -0.001377: 
187: -0.001480: 
188: -0.001309: 
189: -0.001553: 
18A: -0.001378: 
188: -0.OOU93: 
18C: -0.001353: 
18D: -0.001682: 
J81: 
-0.001502: 
I": 
-0.001678: 
IQO: -0.001229: 
191: -0.001624: 
192: -0.001671: 
193: -0.001674: 
194: -0.001612: 
195: -0.001841: 
196: -0.001669: 
197: -0.0020241 
198: -0.001466: 
199: -0.001871: 
19A: -0.001688: 
19.: 
-0.001782: 
IIIe:. -0.001516: 


* 
* 


* 
* 
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* 
I 


I 


* 


* 
I 


270365-39 


Non. Lln. Error, 
SN = 4130 (Continued) 


5-238 


intel· 
AP-406 


19D: -0.00184~: 
19£: -O.ool~: 
19P: -0.001909: 
lAO: -0.001690: 
IAI: -0.001943: 
!A2: -0.001803: 
IA3: -0.00!894: 
lA4: -0.001936: 
14~: -0.002146: 
IA6: -0.001983: 
lA1: -0.002040: 
lA8: -0.001811: 
IA9: -0.002035: 
lU: -0.001921: 
IAI: -0.001896: 
lAC: -0.001861: 
lAD: -0.002108: 
ut: -0.00199'1: 
UP: -0.001801: 
110: -0.0018221 
181: -0.0020~11 
112: -0.001916: 
113: -0.001991: 
114: -0.ooJ913: 
II~: -0.002108: 
116: -0.002067: 
11'/: -0.002013: 
118: -0.002053: 
189: -0.002113: 
IIA: -0.001913: 
11.: -0.001950: 
lie: 
-0.001914: 
180: -0.0021H: 
181: -0.0020~~1 
lIP: -0.002041: 
ICO: -0.000629: 
ICI: -0.000747: 
IC2: -0.000569: 
IC3: -0.000701: 
IC.: -0.000497: 
ICS: -0.000146: 
IC6: -0.000533: 
IC1: -0.000617: 
lC8: -0.000419: 
IC9: -0.000728: 
ItA: -0.000699: 
IC.: -0.000643: 
Ice: -0.000509: 
ICD: -0.0001~9: 
ICE: -0.000676: 
leF: -0.000618: 
no: 
-0.000508: 
101: -0.000778: 
102: -0.000615: 
ID3: -0.000126: 
104: -0.000558: 
IDS: -0.000768: 
116: -0.000'1llO: 
11'/: -0.000645: 
IN: 
-O.OOO5aCl: 


t 


t 


* 


* 
*•• 


270365-40 


Non. Lln. Error, 
SN = 4130 (Continued) 


5-239 


• 


intel· 
AP-406 


109: '0.000836: 
lOA: '0.000750: 
108: '0.000758: 
IOC: '0.000715: 
lOO: '0.000816: 
10&: '0.000701: 
lOP: ·0.0007U: 
1£0: '0.000663: 
IE1: 
'0.001060, 
1£2: '0.000828: 
1£3: '0.001107: 
IB4: 
·0.000802: 
US: 
'0.001037: 
1&6: '0.000803: 
1&1, '0.000813: 
1£8: '0.000702: 
1£9: '0.001156: 
lEA: '0.000861: 
118: '0.000965: 
IIC: 
'0.000933: 
lED: '0.001142: 
UE, 
-0.001205: 
I£F: 
'0.000995: 
lPO: -0.000954: 
IFl: 
-0.001179: 
IP2: 
-0.001084: 
1'3: 
-0.001061: 
iFt: -0.001035: 
IFS: 
-0.0010CJ9: 
lP6: 
-0.001111: 
IF7: 
-0.000CJ60: 
IF8: 
-0.000CJ91: 
1'9: 
-0.001178: 
IF.: 
-0.001061: 
IFI: 
-0.0010CJ9: 
IFe, 
-0.001026: 
IPO: -0.001248: 
UE: 
-0.001157: 
IFF: 
-0.001828: 
200: 
-0.001360: 
201: 
-0.001583: 
202: 
-0.001386: 
203: 
-0.001636: 
204: 
-0.001536: 
20b: 
-O.ooIS84: 
206: 
-0.001514: 
207: 
-0.001703: 
208: 
-0.001714, 
20~: 
-0.002021: 
20A: -0.001592: 
20B: -0.0017CJ9: 
2OC: -0.001884: 
200: 
-0.001CJ94: 
20£: 
-0.002028: 
20F: 
'0.002225: 
210: 
-0.001805: 
211: 
-0.002137: 
212: 
-0.001CJ94: 
213: 
-0.002071: 
214: 
-0.001795, 


•• 
t 
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• 


t 
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• 
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•• 


270365-41 


Non. Lln. Error, SN = 4130 (Continued) 


5-240 


infel· 
AP-406 


215: 
-0.002104: 


216: 
-0.0011145: 


217: 
-0.002001: 


218: 
-0.001914: 
219: 
-0.002175: 


2lA: 
-0.002181: 
211: 
-0.002106: 


21C: -0.001725: 
211: 
-0.002212: 
211: 
-0.002012: 
21P: -0.00256t: 
UO: 
-0.002027: 
UI: 
-0.002Z94: 


222: 
-0.002127: 
223: 
-0.002269: 
U4: -0.002157: 
22S: 
-0.002308: 


226: 
-0.002268: 
221: 
-0.002372: 
228: -0.002039: 
229: 
-0.0023": 
22A: -0.00221': 
221: 
-0.002244: 
UC: 
-0.002179: 
UI: 
-0.002361: 


UI: 
-0.002101: 
22F: -0.002W: 
230: 
-0.002088: 
231: 
-0.002333: 


232: 
-0.002052: 
233: 
-0.002328: 


23t: 
-0.002104: 
235: 
-0.002278: 
236: 
-0.002351: 


231: 
-0.002259: 


238: 
-0.002078: 


239: 
-0.002559: 
2lA: 
-0.002199: 
231: 
-0.0023t3: 


23C: -0.002181: 
231: 
-0.002369: 
231: 
-0.002265: 
23F: -0.002833: 
240: 
-0.001181: 


W: 
-0.001357: 
242: 
-0.001130: 


2f3: 
-0.001301: 
2.': 
-0.001167: 
245: 
-O.OOH62: 
246: 
-0.00I1S1: 
247: 
-0.OOlfI2: 


248: 
-0.001224: 


249: 
-0.0012'18: 
244: 
-0.001181: 
241: 
-0.001278: 
24C: -0.001023: 
241: 
-0.001256: 
241, 
-0.001147: 
2•• : -0.001206: 
2SD: -0.000930: 


t 
t 
t 


• 


t 
t 


t 
t 
t 


t 
t 
t 


• t 


t 
t 


t 
t 


270365-42 
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5-241 


intel.. 
AP-406 


270365-43 


* 
* 


2~1: 
-0.00Il63: 


2~: 
-0.001088: 
253: 
-0.001281: 


2~4: -0.000930: 
255: 
-0.001188: 


256: 
-0.001039: 


257: 
-0.001147: 


258: 
-0.001096: 
259: 
-0.001217: 


25A: -0.001302: 
25B: -0.001214: 
25C: -O.OOIOM: 
25D: -0.001276: 
25£: 
-0.001273: 
25F: 
-0.001343: 
260: 
-0.001229: 


261: 
-0.001509: 


262: 
-0.001297: 
263: 
-0.001426: 
264: 
-0.001318: 


265: 
-0.001517: 


266: 
-0.001282: 


267: 
-0.001485: 


268: 
-0.001357: 


269: 
-0.001616: 


2604: -0.001509: 
26B: -0.001558: 
26C: -0.001582: 
260: 
-0.001748: 
7.6£: -0.001~4: 
26F: -0.001697.: 
27U: -0.001589: 
271: 
-0.001786: 


212: 
-0.001108: 


273: 
-0.001751: 
21.: 
-0.001716: 


275: 
-0.001988: 
216: 
-0.001813: 


277: 
-0.001816: 
278: 
-0.001943: 


279: 
-0.002046: 


27A: -0.001936: 
21B: -0.002000: 
27C: -0.001783: 
270: 
-0.002248: 


27£: 
-0.001869: 
27F: -0.002131: 
280: 
-0.001496: 
281: 
-0.001510: 
282: 
-0.0013Ib: 
283: 
-0.001792: 
284: 
-0.001318: 
285: 
-0.001615: 
286: 
-0.001465: 


287: 
-0.001632: 


288: 
-0.001643: 
289: 
-0.001730: 
28A: -0.001629: 
28B: -0.001698: 
l8C: 
-0.001823: 


*• 


Non. Lln. Error, SN = 4130 (Continued) 


5-242 


intel· 
Ap·406 


280: 
-0.00185~: 
281: 
-0.001778: 
28P: 
-0.001942: 
290: 
-0.001871: 
291: 
-0.002008: 
292: 
-0.001945: 
293: 
-0.002128: 
294: 
-0.001962: 
295: 
-0.002235: 
296, 
-0.002101, 
297: 
-0.0021781 
298: 
-0.002132: 
299: 
-0.002366, 
29A: -0.002433, 
291: 
-0.002360: 
29C, -0.0022361 
290, 
-0.002541: 
291: 
-0.002403: 
2'1': 
-0.0026091 
2AO: -0.002413: 
lAI: 
-0.002563: 
2A2: -0.0023811 
2A3: -0.002542: 
2A4: -0.002435, 
2A5: -0.002697: 
2A6: -0.002530: 
lA7: 
-0.00Z653: 
lA8: 
-0.00Zf59: 
2A9: -0.00Z74ZI. 
2U: 
-0.002860: 
lAI: 
-0.002666, 
2AC: -0.002525: 
lAD: -0.002741: 
lAB: -0. OOZ'185, 
lAF: 
'0.002737: 
210: 
-0.002709: 
281: 
'0.003031: 
212: 
·0.002823: 
283: 
-0.002906: 
2.f: 
-0.002780: 
285: 
·0.003019: 
216: 
-0.002941: 
217: 
'0.002923: 
218: 
'0.002794: 
219: 
'0.002973: 
21A: ·0.00Z872: 
211: 
-0.002943: 
2IC: 
-0.002584: 
21D, -0.002832: 
281: 
·0.0027171 
21P: 
'0.002698: 
2eo: 
'0.001295, 
2CI: 
'0.001557, 
2C2: -0.001429: 
2C3: '0.001542: 
2C4: -0.001274: 
2C5: '0.0014171 
2C6: '0.001409: 
le7: 
-0.001382, 
2C8, -O.OOJl38. 


t 


t 
t 


* 


* 
* 


t 
t 
t 
t 
t 
t 


*t 
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5·243 


AP-406 


270365-45 


•• 


?C'I, -0.001450, 
2eA, -0.001f09, 
lea, 
-0.001366, 
zcc. 
-0.001201: 
2eD: -0.001385: 
2CE: -O.OOlt06, 
lep: 
-0.001532: 


2»0: 
-0.001166: 
lDI, 
-0.001503: 


282: 
-0.00"'1: 
2D3: -0.001554: 
204: 
-0.00133f: 


2DS, -0.001622: 
286: 
-0.00137U: 


2D7: -0.001369: 
288, 
-0.001438: 


l89: 
-0.001660: 


2B4: -0.00132.: 
2DI: -0.001395: 
lie: 
-0.001273, 


ZDD: 
-0.001813: 


2»1, 
-0. OOlt28, 


28P, 
-0.001550: 


2&0: -0.001685: 
211: 
-0.001799: 
212: 
-0.001125: 


2£3, 
·0.001766: 
21.: 
-0.001954: 


liS: 
-0.001920: 


216: 
-0.001747: 
217: 
-0.001796: 
218: 
-0.001776: 


219: 
-0.002011: 


214: 
-O.oolS3f: 


211: 
-O.OO2I1S: 


2Ee: -0.001915: 
2ID: 
-0.002089: 


2U: 
-0.002046: 


2£F: -0.002132: 
2FO: -0.002069: 
211: 
-0.002229: 
2F2: -0.002101: 
2'3: 
-0.001.236: 
2Ff: 
-U.002177: 
2F5: 
·0.002388: 
2F6: 
-0.002284: 
2P7: ·0.002315: 
2F8: 
-0.002449: 
2'9: 
-0.002533: 
2F.: 
-0.002538: 
2": 
-0.002564: 
2FC: -O.002f71: 
2FD: -0.002.86: 
2F1: -0.002516: 
2FF: -0.002006, 
300: 
-0.001994, 
301: 
-0.002301, 


3Ol: -0.002168: 
303: 
-0.002284: 


304: 
-O.OO22SI: 


•• 
• 


Non. Lln. Error, SN = 4130 (Continued) 


5-244 


infel· 
AP-406 


305: 
-0.002U1: 
306: -0.002269: 
301: 
-0.0024&3: 


308: 
-0.002265: 
309: 
-0.002589: 
lOA: -0.002383: 
301: 
-0.002508: 
lOC: -0.002336: 
lOP: 
-0.002560: 
30£: -0.002428: 
:IOF: -0.002611: 
310: -0.002528: 
311: -0.002861: 
312: 
-0.002612: 
313: -0.002146: 
314: 
-0.002710: 
315: 
-0.002955: 
316: 
-0.002813: 
317: -0.002864: 
318. 
-0.002110: 


319: 
-0.002959: 
3U: 
-0.002888: 


311: 
-0.002901: 
31C: -0.002742: 
31D: -0.002975: 
311: 
-0.0028'18: 


31': 
-0.003165: 


320: 
-0.002991: 
321: 
-0.003220: 
322: -0.003083: 
323: 
-0.003195: 


324: -0.003109: 
325: 
-0.003314: 
326: -0.003130: 
327: 
-0.003246: 


328: -0.003301: 
329: 
-0.003397: 
32.: 
-0.003241: 
328: 
-0.003362: 
32C: -0.002182: 
32D: -0.002338: 
321: -0.002251: 
32F: -0.002332: 
330: 
-0.001979: 
331: 
-0.002225: 
332: 
-0.002099: 


333: 
-0.002164: 


334: 
-0.001894: 


335: 
-0.002134: 


336: -0.002018. 
337: 
-0.002019: 
338: 
-0.001'191: 


339: 
-0.002182: 
33.: 
-0.002183: 
331: -0.002134: 
3X: 
-0.002005: 
33D: -0.002338: 
331: -0.002115: 
33': 
-0.002380: 
3.0: 
-0.000653: 


•• 


•• 
•••• 
•• 


•• 


•• 


•• 
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Non. Lln. Error, SN = 4130 (Continued) 


5-245 


intel.. 
Ap·406 


341: 
~0.001006: 
362: 
-0.000888: 
363: 
-0.001175: 
3•• : -0.00083t: 
3f5: 
-0.0009S1: 
346: 
-0.001030: 
lf7: 
-0.0009S1: 
348: 
-0.0007101 
lf91 
-0.000672: 
lfA: 
-0.0008": 
341: 
-0.000936: 
lfe: 
-0.0006481 
lfD: 
-0.001008: 
lfl: 
-0.000828: 
lfP: 
-o.ooom, 
3SD: -0.000Tl6: 
351: 
-0.000996: 
352:' -0.000901: 
3S3: -0.000985: 
3,.: -0.000618: 
355: 
-0.000920: 
3!16: -0.000731: 
357: -0.000707: 
lS8: 
-0.000832: 
3S9: -0.0010.7: 
.354: -0.001003: 
358: 
-0.000916: 
3SC: -0.000957: 
35D: -0.00127J: 
351: -0.0009961 
35': 
-0.0010381 
360: 
-O.OOllSDI 
361: -0.001320: 
362: 
-0.001257: 
363: -0.001390: 
36t: 
-0.001263: 
365: -0.001498: 
366: -0.001388: 
367: -O.OOlf53: 
368: -0.001295: 
369: 
-0.00HI6: 
3641 -0.0013891 
36.: 
-O.OOHge: 
36C: -0.001502: 
360: 
-0.001'19'7: 
361: 
-0.001566: 
36F: -0.0015961 
370: 
-0.001531: 
371: 
-0.0017991 
372: 
-0.00168t: 
373: 
-0.001735: 
374: 
-0.001647: 
3751 -0.001857: 
376: -0.001809: 
3T1: -0.001697: 
378: -O.OOITlO: 
379: 
-0.001956: 
37.: 
-0.001821: 
378: 
-0.001841: 
37C: -0.0018201 


* 
* 
* 
* 
* 
* 


* 
* 
* 
* 
* 
* 


* 
* 
* 
* 
* 
* 


t 


* 
* 


* 
* 
* 
* 
* 


* 
* 
* 


• 
* 
* 
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Non. Lln. Error, 
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5-246 


intel.. 
AP-406 


37D: -0.001979: 
371: 
-0.002106: 
37F: 
-0.001~97: 
380: 
-0.001784: 
381: 
-0.00208~: 
382: -0.001840: 
383: -0.001907: 
38t: 
-0.001890: 
385: 
-0.001989: 
386: 
-0.001867: 
387: -0.0019S7: 
:l88: -0.002029: 
389: 
-0.0022!i6: 
38A: -0.002177: 
388: -0.002285: 
38C: -0.002294: 
38D: -0.002f97: 
381: -0.002204: 
38': 
-0.002f99: 
390: -0.002201: 
391: 
-0.00271.: 
392: -0.002398: 
393: 
-0.002~91: 
394: 
-0.00232~: 
395: -0.002570: 
396: 
-0.002~90: 
397: 
-0.002~13: 
398: 
-0.002409: 
399: 
-0.002662: 
39A: -0.002513: 
391: 
-0.002588: 
39C: -0.002345: 
398: -0.002633: 
39B: -0.002485: 
39F: -0.002579: 
lAO: -0.002427: 
3'1: 
-0.002646: 
342: 
-0.002572: 
343. 
-0.002639: 
lA.: 
-0.002393: 
lA5: -0.002494: 
346: 
-0.002609: 
3A7: -0.002~70: 
348: 
-0.002522: 
3&9: -0.002809: 
3AA: -0.002658: 
341: 
-0.002698. 
lAC: -0.002645: 
JAD: -0.00272(: 
3AI. -0.002721: 
lAF: -0.002685. 
310: 
-0.002752: 
311: 
-0.003015: 
382: 
-0.002837. 
3.~: 
-0.002932: 
314: 
-0.002689: 
385: 
-0.003034: 
316: 
-0.002817: 
317: 
-0.002812: 
318: 
-0.002965: 


* 
* 


• 


* 
* 
* 


* 
* 
* 


* 
* 
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5-247 


intel.. 
Ap·406 


319: 
-0.0030'11: 
31.\: 
-0.002884: 


3D: 
-0.0029!13: 


31e: 
-0.0028'18: 
31D: -0.002906: 
31£: 
-0.002114: 
31F: 
-0.002605: 


XO: 
-0.001810: 
XI, 
-0.002229: 


3C2: -0.001980: 
X3: 
-0.001986: 


X6: 
-0.001668: 


X5: 
-0.001943: 
JC6: 
-0.001806: 
3C1: -0.001915: 
3C8: -0.001660: 
3C9: -0.001'761: 
3CA: -0.001633: 
3C8: -0.001861: 
XC: 
-0.001168, 
JCDI -0.001883: 
3CJ: 
-0.001943: 


X.: 
-0.001946: 
3DO, -0.001195, 
3DI: 
-0.001966: 
362: 
-0.001921: 
313, 
-0.002091: 


3M: 
-0.001910: 
315: 
-0.002102: 


316: 
-0.001992: 
3D1: -0.002137: 
318, 
-0.001868: 
.lI'l: 
-0.002102: 


311A: -0.001942: 
3.1, 
-0.002081: 


38C: -0.002028, 
3D.: 
-0.002113: 
3D1: -0.002034: 
3Df: 
-0.001931: 
310: 
-0.002086: 


311: 
-0.002316: 


312: 
-0.002311: 


313, 
-0.002303: 
lI.: 
-0.002068: 
3B5: -0.002280: 
316: 
-0.002111: 


317: 
-0.002ISf: 
318: 
-0.002338: 


319: 
-0.0023": 
llA: 
-0.002181: 
J•• : -0.002252: 
]BC: -0.0021!13: 
31D: -0.002361: 
3IB: 
-0.002266: 


JEF: 
-0.002215: 
3FO: -0.002.t~: 
JPl: 
-0.002536: 
3'2: 
-0.002507: 
3'3, 
-0.002561: 
JPt: 
-0.002693: 
lf5: 
-0.0026'jO: 
JP6: 
-O.OOl56l: 
JP7: 
-0.002565: 
lF8: 
-0.002!133: 


3F9: 
-0.002810: 


JFA: 
-0.0027!13: 


3Ft: 
-0.002666: 
3FC: -0.002592: 
3FD: -0.002829: 
3Fi: 
-0.002110: 
3": 
0.000000: 


••• 


••• 
•• 


•••• 


•• 


• 
••• 
• 
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intel· 
AP-406 


DII. Error. 
SI ' 
4130 


YIID' 
yaIIl' 
-0.0026 
• 0 - 
0.0026 
,------------_._,----------------' 
* 
0: 
0.000000: 
I: 
-0.00029'/: 
7.: 
O.OOOOfl: 
3: -0.000087: 
f: 
0.000314: 
s. -0.000297: 
6: 
0.000131: 
7: 
-0.000263: 
8: 
0.000405: 
9: 
-0.000394: 


A: 
0.00DI7~: 
B: -0.000045: 
c. 
0.000331: 


D: -0.000323: 
E: 
0.000048: 


F: -0.000269: 
10: 
O.0004~7: 
11: -0.000329: 
12: 
0.000235: 


13: 
-0.000226: 
If: 
0.000361: 


15: -0.000450: 
16: 
0.000131: 
17: -0.000071: 
18: 
0.000339: 
19: -0.00021>1: 
lA: 
0.000158: 
18: -0.000184: 
IC: 
0.000171: 


10: 
-0.000156: 
lE: 
0.000U8: 
IF: 
-0.000475: 
20, 
0.000745: 
2\: 
-0.000300: 
22: 
0.000122, 
23: 
-0.000175: 
24: 
0.000319: 
2S: 
-0.000076: 
26: 
-0.000027: 
27: 
-0.0003U: 
28: 
O.OOOf3«>: 
29: 
-0.000208: 
2A: 
0.000J4l: 
28: 
-0.000200: 
2C: 
0.000361: 


2D: 
-o.OOO~al:· 


2E: 
O.ooOjojf: 
2F: 
-0.000338: 
30: 
0.000567: 
31: 
-0.000282: 
32: 
0.000069, 
33: -O.ooofOI: 
34: 
0.000534: 


, 
,**,,, 


, *,,, 
, 
* 
*',, 
,*, 


1, 
I. ,,, 
, *.,,, 
, * 
* 
I 
I * 
* , 
, *,,, 
, * 
* 
, 
I 


*'*,, 


* 
, 
, * 
* 
,,, 
, *,,, 
,*,, 
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5-249 


• 


infel.. 
AP-406 


3S: -0.0002?'}: 
J6: 
0.0001.31: 
37: 
-0.000272: 
38: 
0.OOO~16: 
39: 
-0.000223: 
3.: 
0.0002!!: 
3a: 
-0.000232: 
3C: 
0.000202: 
JD: -0.000011: 
3£: 
0.000225: 
3F: -0.000788: 


fO: 
0.002f23: 
u. 
-0.0004%: 
f2: 
0.000331: 
U: -0.000199: 
tt: 
0.000210: 
t5: 
-0.000516: 
46: 
0.000"3: 


t7: 
-0.000304: 
48: 
0.000292: 
t9: 
-0.00029t: 
tA: 
0.000li7: 
tl: 
-0.000212: 


fe: 
0.000250: 
tD: 
-0.000286: 
tB: 
0.000185: 
if: 
-0.000379: 


SO: 
0.000508: 
~I: -0.000218: 
52: 
-0.000111: 
SJ: 
-0.000012: 
M: 
0.000256: 
SS: -0.000270: 
56: 
0.000109: 
57: 
-0.000139: 
se: 
0.00018S: 
59: 
-0.0002se: 


SA: 
0.000221: 


SI: 
-0.000115: 
se. 
0.000161: 


SD: -0.000327: 
5£: 
0.000212: 
SF: -0. ooose.: 


bD: 
0.000.8S: 


61: 
-0.00027.: 
62: 
0.000201: 


bJ: 
-0.000208: 


64: 
0.000118: 
65: 
-0.000304: 
66: 
0.000170: 
61: 
-0.000218: 
68: 
0.000056: 
69: 
-0.000176: 


bA: 
-0.00000f>: 
~e: 0.0סס008: 


6C: 
0.000122: 
6D: -0.000339: 
6£: 
0.000203: 
bF: -0.000201: 
70: 
0.000206: 


1 
I 
I 


1 
i i 
I 
i 
I 


1 
t 


It 


t 
I 


I i 
I 
1 
t 


t 
1 


1 
t 
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intel· 
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"11, -o.0003!ib: 
72: 
0.000133: 
7~: 
-0.000038: 
74: 
0.00007&: 
75: 
-0.000400, 


71i: 
0.000277: 
17: 
-0.000100, 


78: 
-0.00006J: 


79: -0.000218: 
7A: 
0.000104: 
78: 
-0.000058: 


7r.: -0.000009: 
7D: -0.000209: 
7£: 
0.000141: 
7F: -0.000683: 
dO: 
0.001293: 
81: 
-0.000244: 
62: 
0.000141: 
83: 
-0.0001~4: 
84: 
0.000131: 
85: 
-0.000300: 
86: 
O.OOOlll: 


87: 
-0.000240: 
88: 
0.000239: 


aq: 
-0.000593: 


8A: 
0.00053~: 
68: 
-0.00031>1: 
BC: 
0.000188: 
80: 
-0.000271: 
82: 
-0.000059: 
8F: -0.000121: 
90: 
0.000374: 
91: -0.000145: 
92: 
0.000113: 
93: 
-0.00018',: 
94: 
0.0001S.: 
95: 
-0.000219: 
96: 
0.000145: 
97: -0.000207: 
98: 
0.000136: 


'19: 
-0.000326. 
9;.: 
0_000236, 
91: 
-0.000161: 
'le: 
0.000070: 
90: 
-0.000345: 
9i: 
0.000183: 
9F: -0.000500: 
AO: 
0.000485: 
AI: -0.000349, 
A2: 
0.000414: 
A3: -0.000374: 
A4: 
0.000215: 
A5, -0.000273: 
Ab: 
0.000138: 
A7: -0.000189: 
A8: 
0.000124: 
A9: -0.000118: 
AA: 
0.000123: 
All: -0.000142: 
AC: 
0.000086: 
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intel· 
AP-406 


I 
I' 
, 
I 
I 
I 
I ' 
• I 
'1 
'1 
I • 
•I 
I • 
• I 
I • 
• II' 


• II 
t 
I 
I 
I 
I t 


• I 
I • 
I 
I 
I 
I 
I 
, I 
I' 
I • 
I 
I • 
• II' 
I 
I • 
I 
I 
I 
I 
t 
I 
t 


• II" 
• I• 


d: 
-0.000213: 


AI: 
0.1100131: 


AF: 
-0.000194: 


teI: 
0.000366: 
11: 
-0.OOO2J3: 
12: 
0.000111: 
13: -o.ooons: 
h: -0.000039: 
IS: 
-O.ooooee: 


16: 
0.000108: 
11: 
-O.OOOIf1: 


18, 
0.000109: 
19: 
-0.000171: 
lA: 
0.000156: 


.: 
-0.000110: 


le: 
0.0000t1: 
11: 
-0.00013f: 
11: 
0.000202, 


IF: 
-O.OOO!ll>I: 
CO: 
O.00213f: 


Cl: -0.000301: 


C21 
O.oooISO: 


Cl: -0.000138: 
Ci: 
0.000206: 


cs: -0.000311: 
C6: 
0.000311: 


C1: -O.OOOMI: 
ca: 
0.000212: 


C9: -0.000235: 


CA: -0.000105: 
Cl: 
0.080091: 


CC: 
•• 8t0203: 
Cl: 
-0.000322: 


CII 
0.000201: 
C,: -0.0001"1 
10: 
0.0001511 


11: -O.OOO2SO: 
121 
O.ooolil: 


83: 
-0.000396: 
14, 
G.oooSOII 


IS: -0.080362: 
16: 
'.000329: 
D1: -0.000169: 
De: 
O.~: 
"I -0.000115: 
lA: 
0.000116: 


11: 
-0.000113: 


le: -0.סס0010: 
ID: -0.000211: 
III 
0.000153: 
IF: -0.000331: 
10: 
0.0003011: 
11: 
-0.0005061 


12: 
0.080f09: 
13: -0.0001": 
hI -0.00012il 
15: 
0.סס0020: 
1610.0001'1: 
111-G.MOltS: 
D. '.0M2!'. 
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intel.. 
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£9: -0.000232: 
lA: 
0.000131>: 
D: 
-O.OOOISI: 
EC: 
0.00016&: 


ED: -0.000212: 
EE: 
0.00019S: 
Ef: -0.000171: 
FO: 
0.000115: 
F1: -0.000376: 
F2: 
0.000208: 


FJ: -0.000167: 
Ff: 
0.000078: 
FS: -0.000287: 
F6: 
0.0003f8: 


n: -0.000231: 
F8: -0.000161: 
F9: -0.סס0022. 


FA: 
0.000265: 
FI: -0.000130: 
Fe: 
0.000167: 


FD: -0.0001": 
FE: 
0.000086. 


FF: -0.000880: 
100: 
0.0013f8: 
101: -0.00033f: 
102: 0.0002.36: 
103: -0.000222: 
104: -0.000030: 
10~: -0.000123: 
106: 
0.000008: 


107: -0.00006&: 
108: 0.000266: 
109: -0.000265: 
lOA: 
0,000136: 
lOB: -0.000078: 
IOC: 
0.000069: 
100: -0.000260: 
101: 
0.000U2: 
10F: -0.0003~: 
110: 
0.000142: 
111: -0.000146: 
112: 0.000292: 
113: -0.000150: 
114: 0.000003: 
115: -0.000263: 
116: 0.000174: 
117: -0.000151: 
110: 0.000078: 
119. -0.000120: 
IU: 
0.000027: 


Ill: -0.000120: 
lie: 
0.סס0018: 
liD: '0.000240: 
11£: 0.000192: 
UF: -0.000455: 
120: 
0.000535: 
121: -0.U00300: 
122: 
0.000139: 
123: -0.000088. 
124: 
0.000145: 
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• 


intel· 
Ap·406 


I 
I ' 


12~: -0.000496: 
12b: 
o.ooom: 
127: -0.סס0028: 
128:0.000202: 
129.-0.000194: 
12A: 
0.OUOI92: 
121. -0.000114: 
12C: -0.000060: 
IZD: -0.000148: 
12B: 
0.סס0048: 
12F: -0.000100: 
130: 
0.000168: 
131: -0.000263: 
132: 
0.000188: 
133: -0.0001781 
13.: 
0.000193: 
135: -0.0003031 
136: 
0.000259: 
137: -0.000250: 
138: 
0.000436: 
m: -0.000228: 
13A: -0.0000S2: 
131: 
0.000008: 
13C: 
0.000271: 
1301 -0.000245: 
13E: 
0.000123: 
13': 
-0.000471: 
140: 
0.001823: 
1U: 
-0.000033: 
1421 
0.000139: 
U3: 
-0.000132: 
144: 
0.000199: 
US: 
-0.000231: 
If6: 
0.000116: 
147. 
-0.0000~1: 
148: 
0.0002i7: 
If9: 
-0.000271: 
HA: 
0.000134: 
148: 
0.000060. 
14C: -0.סס0010: 
HO: 
-0.0002251 
UB, 
0.000102: 
IU: -0.000207: 
ISO: 
0.000168: 
151: -0.000191: 
1S2: 
0.000133: 
153: 
-O.OOOl?l: 
154: 
0.000170: 
155: -0.00023Q: 
156: 
0.0000561 
157: -0.0סס0011 
158:0.000199: 
1591-0.000277: 
lSA: 
0.000110: 
151. -0.00007f: 
15C: 
0.000104: 
ISDI -0.0002071 
15£: 
0.000160: 
15P: -0.0002261 
160: 
0.000138: 
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intel.. 
AP-406 


161: -U.000271: 
162: 0.000215: 
163: -0.000217: 
164: 
0.000226: 
165: -0.0004S.: 
166: 0.000341: 
167: -0.000119: 
168: 
0.000\13: 
169: -0.000158: 
IlIA: 0.000290: 
168: -0.000237: 
16C: 0.0000351 
160: -0.000219: 
16£: 0.000073: 
16F: 0.000027: 
110: 0.000069: 
171: -0.000279: 
172: 0.000191: 
173: -0.000064: 
114: 
0.000101: 
115: -0.000192: 
116: 0.000065: 
In: -0.000025: 
178: 0.000164: 
179: -0.000301: 
l1A: 
0.000278: 
11.: -0.000146: 
I'/c: -0.000001: 
nD: -0.000193: 
17£: 0.000118: 
17': -0.000110: 
180: 0.000512: 
181: -0.000281: 
182: 
0.000013: 
18J: -0.000060: 
184: 0.000135: 
185: -0.000247: 
186: 0.000100: 
187: -0.000103: 
188: 
0.000171: 
189: -0.000244: 
18A: O.OOOl1t: 
IBB: -0.000114: 
18C: 0.000139: 
180: -0.000329: 
18E: 0.000180: 
18F: -0.000176: 
190: 
0.000448: 
191: -0.000395: 
192: -0.0000f6: 
193: -0.000003: 
194: 
0.000001: 
195: -0.000168: 
196: 0.000111: 
197: -0.000355: 
193: 0.000558: 
199: -0.000405: 
19A: 0.000182: 
191: -0.000093: 
191:: 0.000265: 
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• 


inteL 
AP-406 


*', * 
I 
I * 
*1 
tl 
* 
, 
I * 
*1 
I * 
* I 
I * 
t 
t 


190: -0.000329: 
19B: -0.000018: 
19F: -0.000045: 
1A0: 
0.000210: 
141: -O.OOO2U: 
IAl: 
0.000139: 
IAl: -0.000091: 
lA4: 
-O.OOOOU: 
US: 
-0.000210: 
lA6: 
O.OOOI6?: 
1A7: -0.OOOOS7: 
IAI: 
0.000163: 
1A9: -0.0001S8: 
lA.: 
0.00011.: 
IAI: 
0.000024: 
ut: 
0.000028: 
UD: 
-0.000240: 
14£: 
0.000110: 
lAP: 
0.000189: 
180: -0.000014: 
Ill: -0.000229: 
112: 
o.ooom: 
113: -0.00007S: 
IU: 
0.000018: 
115: -0.000135: 
116: 
0.סס0041: 
187:0.000053: 
118:-0.000040: 
189:-0.00006Q: 
114: 
0.000200: 
'I.: -0.000037: 
IIC: 
-0.000024: 
liD: 
-0.000169: 
liE: 
0.000088: 
liP: 
0.סס0013: 
ItO: 
0.OOltI2: 
lel: 
-0.000118: 
IC2: 
0.000178: 
le3: 
-0.000132: 
le4: 
0.000203: 
Its: 
-0.000248: 
IC6: 
0.000212: 
IC7: -0.0001f4: 
lea: 
0.0002S8: 
It9: 
-0.000309: 
leA: 
0.סס0028: 
It.: 
0.000056: 
let: 
0.000133: 
ICD, -0.000250: 
ICI: 
0.סס0083: 
ICF: -0.000002: 
lOO: 
0.000169: 
IDI: 
-0.000269: 
102: 
0.000102: 
113: -0.סס0051: 
IN: 
0.000168: 
lDS, -0.000210, 
1116: 0.0סס007: 
117:0.000115: 
118, 
O.IIOOOM: 
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intel· 
AP-406 


109: -0.0002~: 
I 
lDA: 
0.000086: 
1* 
IDB: -0.000008: 
* 
IOC: 
0.000042: 
1* 


lOO: -0.000101: 
* I 
IDE: 
0.000115: 
1* 
IDF: -0.000013. 
- 
* 
IBO: 
0.000050: 
1* 
1Sl: -0.000396: 
I 
1£2: 
0.000231: 
I 
J13: -0.000279. 
I 


1£4: 
0.00030~: 
I 


115: -0.OO023~: 
I 
116: 
0.000233. 
I 
117: -0.000039: 
*1 
IB8: 
O.OOOUO: 
I * 
1£9: ·O.OOO'~': 
I 
lEA: 
0.000295: 
I 
lEB: -0.000104: 
* I 
lEe: 
0.000031: 
* 
IBD: -0.000208: 
* 
I 
IU: 
-0.000063. 
*1 


liP: 
0.000209: 
I 
* 


IFO: 
0.000041. 
1* 
IFI: 
-0.000225. 
* 
I 
IF2: 
0.000094: 
1* 
IF3. 
0.000023. 
* 
IF4. 
0.000025: 


IFS. -0.000064. 
*I 
1'6. 
-O.UOOOll. 
* 
In: 
0.000150: 
I * 
lF8. -0.000031: 
• 


IF9: -0.000186. 
* 
I 
IPA: 
0.000116. 
I * 
IF.: 
-0.000038: 
*1 
IFe: 
0.000073: 
1* 
IFD: -0.000222: 
* 
I 
IFE: 
0.000090: 
1* 


IFF. -0.000671. 
I 


200: 
0.0004611: 
I 
201: -0.000223: 
* 
I 
202: 
0.000196. 
I 
* 
203. -0.000Z49. 
I 
204. 
0.00009'1. 
I * 
205. -0.000048: 
*1 
2Ob: 
0.000070: 
1* 


207: -0.000189: 
* 
I 
208: -O.UOOOII: 
* 
209: -0.000307: 
1 
20A: 
0.000429. 
I 
20B: -0.800207: 
* 
1 
2OC: -0.800085: 
*1 
20D: -0.000109: 
* 1 
201: -0.000034: 
., 
2OF: -0.000197: 
* 
I 
210: 
0.0004Z0: 
I 
211: -0.000332: 
I 
212: 
O.OOOUZ: 
I * 
213. -0.000076. 
*1 
2U: 
0.000275: 
I 
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intel.. 
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1, ' 
'I, 
, , 


liS: 
-0.000:109: 
l16: 
0.000159: 
217: 
-0.0000!>6: 
218: 
0.000026: 
219: 
-0.000200: 
ZIA: -0.000012: 
21B: 
0.000082: 
21e: 
0.000379: 
210: 
-0.000487: 
21": 
0.000199: 
21F: 
-0.000551: 
220: 
0.000536: 
221: 
-0.000267: 
222: 
0.000167: 
223: 
-0_000142: 
224: 
0.000111: 
225: 
-0.000151: 
226: 
0.000040: 
227: 
-0.000104: 
228: 
0.000333: 
729: 
-0.000305: 
221.: 
0.000125: 
22B: -0.000026: 
22C: 
0.000065: 
220: 
-0.000182: 
22£: 
0.000260: 
22F: 
-0.000362: 
230: 
0.000374: 
2JI: 
-0.000245: 
232: 
0.000281: 
233: 
-0.000276: 
234: 
0.000223: 
235: 
-0.000173: 
231>: -0.000079: 
23'1: 
0.000098. 
238: 
0.000180. 
239: 
-0.000481: 
231.: 
0.000359: 
238: 
-0.000143: 
2X: 
0.000161: 
2lD: 
-0.000188. 
23£: 
0.000104: 
23f: 
-0.0005681 
240: 
0.001646: 
241: 
-0.000170: 


?f2: 
0.000226: 
243: 
-0.000110: 
244: 
0.000133: 
245: 
-0.000295: 
246: 
0.000305: 
2f7: 
-0.000255: 
248: 
0.000187: 
249: 
-0.000053: 
241.: 
0.000090: 
241: 
-0.000091: 
24C: 
0_000255. 
240: 
-0_000233: 
24£: 
0.000108: 
24': 
-O.OOOO!>6: 
250: 
0.000273: 
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intel.. 
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251: -0.000353: 
2S2: 
0.000194: 
253: -0.000192: 
254: 
0.000350: 


255: -0.000258: 
256: 
0.000149: 


257: -0.000108: 
258: 
0.000050: 
259: -0.000120: 
2~: 
-0.000085: 


251: 
0.000087: 


2!IC: 0.000130: 
250: -0.000192: 
25£: 
0.000002: 
25.: -0.000069: 
260: 
0.000113: 
261: -0.000280: 
262: 
0.000212: 


263: -0.000129: 
264: 
0.000107: 
265: -0.000198: 
266: 
0.00023t: 


261: -0.000203: 
268: 
0.000128: 


269, -0.000259: 
26A: 0.000106: 
261: -0.000048: 
26C: -0.00002t: 
26D: -0.000166: 
261: 
0.000223: 


26P: -0.000167: 
210: 
0.000102: 


21J: -0.000196: 
212, 
0.000077: 
273, -0.000043: 
274: 
0.000035: 


275: -0.000272: 
216: 
0.000114: 
l77: -0.000003: 
278, -0.000126: 
219: -0.000103: 
27A: 0.000109: 
2711 -0.0000631 
27C: 0.000216: 
27D: -0.000465: 
2711 0.000379: 
27F: -0.000262: 
280: 
0.000635: 
281: -0.000014: 
282: 
0.000193: 


283: -0.000476: 
2841 0.0004'/': 
285: -0.000297: 
286, 
0.000149: 
287: -0.000166: 
288: -0.000011: 
289: -0.000081: 
2eA: 0.000101: 
281: -0.000069: 
zac: -0.000IZ5: 
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I· 
, I 


I' 


t 
I 
I • 
I 
I ' 
'II·, 
'I 
I' 
I •, 


I ' 
• I 


I • 
, I 
I ' 
• I 
I • 
I 
I ' 
, I 
I • 
I 
, I 
I ' 
I ' 
• I 
'I 
I', 


280: -U.000032: 
28£: 
0.000077: 
28F: -0.000164: 
290: 
0.000070: 


291: -0.000136: 
292: 
0.000062: 


293: -0.000183: 
294: 
0.00016(,: 


295: -0.000273: 
296: 
0.000133: 


297: -0.000076: 
298: 
0.000045: 


29'1: -0.000234: 
29.: -0.000066: 
291: 
0.000072: 
29C: 0.000123: 
29B: -0.000304: 
29£: 
0.000137: 
29': -0.000206: 
240: 
0.000196, 


241: -0.000150: 
2A2: 0.000181: 
243: -0.000160: 
244: 
0.000106: 


US: 
-0.000262: 


246: 
0.00016'/: 


2A7: -0.00017.3: 
2A8: 0.000193: 
2A9: -0.000283: 
244: -0.000117: 
241: 
O.OOOI~J: 


2AC: O.OOOlfO: 
lAD: -0.000215: 
ZAK:-0.000044: 
2AP: 0.000047: 
210: 
0.000028: 
281: -0.000322: 
282: 
0.000207: 


213: -0.000082: 
214: 
0.000125: 
285: -0.000239: 
216: 
0.סס0078: 


217:0.000011: 
218:0.000128: 
219:-0.000179: 
214:0.000101: 
28.:-0.000071: 
21e: 
0.000359: 
7.80: -0.000248: 
21&: 0.000051: 
lBF: 
0.000079: 


2CO: 
O.OOlfOl: 


2CI: -0.000261: 
2C2: 
0.000127: 


2C3: -0.000113: 
2et: 
0.000268: 
2C5: -o.oooUJ: 
2C6: 0.0סס007: 
2C7: 0.000027: 
2CJ: 0.000243: 


I 


1 
• 
'I 
I ' 
I 
I',,. 
, , 


I ' 
'I, 
I 
'I'II 
I 
I * 
I I 
I 
, I, 
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intel· 
AP-406 


2C9: -0.000312: 
I 
2eA: 
0.000040: 
I' 
2C.: 
0.000043: 
I' 
lee: 
0.000164: 
1 , 


2eD: -0.000183: 
* 
1 
leE: 
-0.000021: 
* 
lCF: 
-0.000126: 
* 1 
200: 
0.000365: 
1 
2D1: -0.000336: 
I 
202: 
0.000091: 
1* 
283: 
-0.000lf3: 
, I 


20.: 
0.000220: 
I 
* 
2DS: -0.000288: 
I 
286: 
0.000251: 
I 
287: 
0.000001: 
288: 
-0.000069: 
'I 
289: 
-0.000222: 
* I 
28A: 
0.000336: 
I 
208: 
-0.000071: 
*1 
2OC: 
0.000122: 
I ' 
2OD: -0.000540: 
I 
2DB: 
0.000384: 
I 
2DF: -0.000122: 
, I 
210: 
-0.000134: 
* I 
211: 
-O.OOOllf: 
* I 
212: 
0.סס0073: 
I' 
2£3: 
-0.000040: 
*1 
2£4: 
-0.000188: 
, I 
2E~: 
0.000033: 
1* 
216: 
0.000173: 
I 
* 
2£7: 
-0.000049: 
*1 
218: 
0.000019: 
, 
• 


219: 
-0.000234: 
I 
2BA: 
0.000116: 
I , 


2£8: 
-0.000281: 
I 
2Ee: 
0.000200: 
I 
* 
2B8: -0.00017': 
* I 
2IB: 
0.000042: 
,- 
2IF: 
-0.000086: 
*' 
2FO: 
0.000Q63: 
1* 
2F1: 
-0.000160: 
* , 
2F2: 
0.000127: 
, * 
2P3: 
-0.000134, 
* , 
~4: 
0.000058: 


" 
2'5: 
-0.000211: 
* I 
2F6, 
0.000104: 
I ' 
2F7: -0.000031: 
* 
2P8: -0.000134: 
• I 
2F9: 
-0.000083, 
*' 
2FA: -0.סס0005:* 
2P1: -0.000026: 
* 
2FC: 
0.000093: 


" 
2FD: -0.000015: 
- 
2F1: -0.0000'l0: 
" 
2FF: 
0.000570: 
, 


300: 
0.סס0011:* 
301:-0.000307:, 


30210.000133:,* 
303:-0.000116:*, 
304: 
O.OOOQJ2: 
• 
270365-99 
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AP-406 


• I 


I • 
• 
I 
I * 
I 
I * 
* I 
I 
* 
* 
I 
I *I 
1* 
I 
I 
* I 


1* 
I 
I * 
*1 
1* 
* 
I 
1* 
* 
I * 
I 
1* 
I 
I * 
* 
I 
1* 
* I 
1* 
* 
I 
I ' 
, I 


*1 
*1 
I * 
* II 
* I 
1* 
*1 
I 
I 
I * 
*1 
I 
I 
I * 
* 


.lO~: -0.000166: 
306: 
0.000U8: 


307: -0.000214: 
308: 
0.000217: 
309: -0.000323: 


3OA. 
0.000205: 


30B: -0.000125: 


3OC: 
0.000171.: 
300: 
-O.OO022t: 


30t: 
0.000131: 
lOF: -0.000l48: 
llD: 
0.000143: 
311: -0.000333: 
312: 
0.000249: 
313: -0.000134: 
314. 
0.000035: 
315: -0.000244: 
3110: O.OOOUl: 
311: -0.000051: 
318: 
0.000094: 


319. -0.000189: 
3lA: 
0.000010: 
318: -0.000012: 
31C: 0.000158: 
310: -0.000233: 
3IE: 
0.000096: 
31P: -0.000286: 
320: 
0.000113: 
321. -0.000229: 
322: 
0.000131: 
3ZJ: -0.000112: 
324: 0.000086: 
325: -0.000205: 
326: 
0.000183: 
327. -0.OOOIl6: 
32ft: -O.OOOO~.: 
329: -0.000096: 
32.\: 
0.000149: 
m: -O.OOOllt: 
32C: 
0.001180: 
320: -0.000156: 
32£: 
0.000086: 
32F: -0.000081: 
330: 
0.000352: 
331: -0.000245: 
332: 
0.000125: 
333: -.0.0000&4: 
334. 
0.000210: 
335: -0.000240: 
331>: 0.000116: 
331: -0.000001: 
333: 
0.000021: 
339: -0.000190: 
33A: -0.000001: 
33.: 
0.000048: 
33C: 0.000128: 
330: -0.000332: 
33B: 
0.000222, 
33F: -0.000265: 
340: 
0.001727: 


* 
I 
*I' 
I * 
I 
I * 
I 
I 
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intel.. 
Ap·406 


341: -0.0003S2: 
342: 
0.000117: 
343: -0.000287: 
3u: 
0.000340: 
3'5: -0.000116: 
346: -0.000079: 
347: 
0.000078: 
348: 
0.000241: 
349: 
0.000037: 
3U: -0.000181: 
341: -0.000080: 
3tc: 
0.000285: 
34D: -0.000360: 
34£: 
0.0001110: 
34': 
0.סס0050: 


J5O: 0.סס0002: 
351:-0.000219: 
352:0.000092: 
353:-0.000083: 
354:0.000366: 
355:-0.000302: 
356:0.000188: 
357:0.000024: 
358:-0.000125: 
359:-0.000215: 
3f>A: 0.000044: 
351: 
0.000026: 
35C: O.OOOOUI: 
35D: -0.000315: 
3S£: 0.000278: 
35F: -0.0000f4: 
360: -0.000112: 
361: -0.000169: 
362: 
0.000062: 


363: -0.000132: 
364: 
0.000127: 
365: -0.000235: 
366: 
0.000109: 
367: -0.000064: 
361: 
0.000157: 


369: -0.000121: 
364: 
0.סס0027: 
361:-0.000109: 
36C: -0.000004: 
36D: -0.000294: 
3611 0.000231: 
36P: -0.000030: 
370: 
0.000065: 
J71: -0.000268: 
3721 0.000114: 
373: -0. OOOOSO: 
314: 
0.00008'/: 
375: -0.000210: 
376: 
0.000048: 
377: 
0.000111: 
378: -0.000073: 
379: -0.000186: 
37A: 0.000135: 
371: -0.סס0020: 
37C: 0.סס00201 


, 
,* 
I 
I 
* I 
*1 
1* 
I 
1* 
* I 


*'I 
I 
, 
* 
,* 
* 
* 
I 
,* 
*'I 
I 
, 
* 


* I 
* I 
'* 


I 
I 
*1 
* I 
* 
, 
1* 
* I 
I * 
I 
I * 
*1 
, * 
* I 
* 
* I 
* 


1* 
I 
I * 


*'1* 
* 
I,* 
t * 
*1. , 


t * 
* 
* 
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, 


intel.. 
AP-406 


;no: -0.000156: 
371: -0.000127: 
37F: 
0.U00509: 
380: -0.000181: 
381: -0.000301: 
382: 
0.0002U: 
383: -0.000066: 
384: 
0.000016: 
38~: -0.000098: 
386: 
0.000121: 
381: -0.000090: 
388: -0.000012: 
389: -0.000226: 
38A: 0.000018: 
381: -0.000107: 
38C: -0.000009: 
380: -0.000202: 
38£: 
0.000292: 
38F: -0.000294, 
390: 
0.0002'18: 
391: -0.000~77.: 
392: 
0.00037~: 
393: -0.000192: 
394: 
0.00026~: 
39~: -0.000245: 
396: -0.000019: 
391: 
0.000076: 
398: 
0.000104: 
399: -0.000252: 
39A: 0.000148: 
39B: -0.00007~: 
39C: 0.000243: 
39D: -0.000288: 
391: 
0.000147: 
39F: -0.000093: 
340: 
0.0001~1: 
3AI: -0.000219: 
342: 
0.סס0014: 
3A3: -0.000066: 
344: 
0.000245: 
3AS: -0.000)01: 
3A6: -0.000114: 
3A1: 0.000038: 
3A8: 0.000041: 
349: -0.000286: 
3M: 
0.000150: 
3A.: -0.000039: 
3AC: 0.000052: 
3AD:-0.000019: 
3A1: 0.000003: 
3AP: 0.000036: 
310: -0.000067: 
311: -0.000262: 
312: 
0.000178: 
3B3: -0.000095, 
314: 
0.000242: 
315: -0.000344: 
316: 
0.000216: 
317: 
0.0סס004: 
JB8: -0.000152: 


, I 
, I 
I 
t 
I 
I 
I 
tl 
t 


t I 
It 
tl 
tl 
t 
I 
t 


It 
I t 
I 
I t 
tl 
I 
II t 
'II t 


t 
I 
It 
tl 
I 
t I 


t I 
It 
It 
I 
I * 
tl 
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tl 
t 


1* 
'I 
I 
I 
t 
*1 
I 
I 
I 
t 
t 


t I 
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intel~ 
AP-406 


389: 
-0.000106: 
* I 


31A. 
0.000)87. 
I , 


381. 
-0.000069: 
'I 
31e. 
0.00007~. 
1* 
310. 
-0.000028. 
, 


311. 
0.000122. 
I' 
38': 
0.000178. 
I , 


3CO. 
0.000735. 
I 


3C1. -0.000359. 
I 
3C2. 
0.000248. 
I 
3C3. 
-0.000005. 


3C.: 
0.000318. 
I 


3C5. 
-0.00027'. 
I 
3C6: 
0.000139: 
I' 
3C7: -O.OOOIIl, 
, I 


3C8. 
0.000254. 
I 
3C9. 
-0.000100, 
' I 
lC.: 
0.000127. 
I' 


.!CB: -0.000228. 
, I 
3CC. 
0.000093. 
I' 


3CD: -0.0001l5. 
, I 


3C1. -0.000060. 
'I 


3CF: -0.000000. 
, 


300. 
0.000148, 
I' 


3D). 
-0.000171. 
, I 


302: 
0.00004~: 
I' 
303: 
-0.000176. 
, I 
3D•• 
0.000126. 
I' 


lD5. 
-0.000131: 
, I 


306: 
0.000109. 
I' 
307. 
-O.OOOU~. 
, I 


308. 
0.000288: 
I 


309: 
-0.000253. 
I 
3DA. 
0.000159. 
I' 
3DB: -0.000U5: 
, I 


3OC. 
0.000059. 
I' 
lOO: -0.סס0085.'I 
30£: 
0.000078. 
I' 


3DF. 
0.000103: 
I' 
3Ell. -0.00015~: 
, I 


311: 
-0.000228. 
, I 
31Z. 
0.000003. 


313. 
0.000006. 


3£•• 
0.000234: 
I 
315. 
-0.000211: 
, I 
316: 
0.000168. 
I , 


3£7. 
-0.0000'3. 
'I 
318. 
-0.000183. 
, I 
319. 
-O.OOOOOS: 
, 


3b. 
0.000162: 
I' 
311. 
-0.000070. 
'I 
31e: 
0.000098: 
I' 
3D. 
-0.000208: 
, I 
311: 
0.0000%: 
I' 
31F. 
0.000049. 
I' 
3PO. -0.000230: 
I 
3FI: 
-0.000091. 
'I 
3F2. 
0.000029: 
, 


3P3: 
-0.000054. 
'I 
3F•• 
0.000067. 
I' 
3F5. 
-0.0001%. 
, I 
3'6: 
0.000126. 
I' 
3f7. 
-0.0סס002., 


3F8. 
0.סס0031., 


3P9. 
-0.000276. 
I 
3FA. 
0.סס0056. 
I' 
3••• 
0.000087. 
I' 
3FC. 
0.סס0073: 
I' 
3FD. -0.000237. 
I 
3,.. 
0.000118. 
I' 


3". 
0.000000. 
, 


270365-A3 
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• 


intel· 
AP-406 


DJ Array. SI = 4130 


Vl1n= 
,..1' 
-0.0020 
• 0 - 
0.0020 
I 
I 
I 
0: 
0.001074: 
I 
1: 
0.001175: 
I 
2: 
0.001175: 
I 
3: 
0.001175: 
4: 
0.001275: 
5: 
0.001075: 
6: 
0.001075: 


7: 
0.001275: 
8: 
0.001275: 
9: 
0.001175: 


A: 
0.001075: 
I: 
0.001075: 
C: 
0.001275: 


D: 
0.001075: 
E: 
0.001075: 
F: 
0.001175: 
10: 
0.001275: 
11: 
0.001175: 
12: 
0.001175: 
13: 
0.001075: 
14: 
0.001175: 
IS: 
0.001175: 
16: 
0.001115: 
11: 
0.001175: 
18: 
0.001175: 


19: 
0.001075: 
lA: 
0.001075: 
I' 


IB: 
0.001275: 
I 
IC: 
0.001275: 
I 
10: 
0.001175: 
I 
11: 
0.001,175: 
I 
IF: 
0.001275: 
I 
20: 
0.001275: 
I 
21: 
0.001175: 
I 
22: 
0.001175: 
I 
23: 
0.001275: 
I 
24: 
0.001275: 
I 
25: 
0.001175: 


26: 
0.001275: 
27: 
0.001275: 
28: 
0.001175: 
29: 
0.001375: 
21: 
0.001275: 
21: 
0.001175: 
• 
2C: 
0.001175: 
• 
28: 
0.001175: 
.- 


21: 
0.001375: 
2': 
0.001075: 
30: 
0.001175: 
31: 
0.001075: 
32: 
0.001075: 
33: 
0.000975: 
34: 
0.001275: 


270365-51 


Repeatablllty 
Error, SN = 4130 


5-266 


intel· 
AP-406 


j~: 
0.001175: 


36: 
0.OOI07~: 
31: 
0.0012·1~: 


38: 
0.00107~: 
39: 
0.001275: 


3A: 
0.001275: 
31: 
0.001175: 
3C: 
0.001175: 


3D: 
0.001175: 


3E: 
0.001115: 


3f: 
0.001375: 
.0: 
0.001275: 


U: 
0.001275: 
f2: 
O.OOlO'l~: 
.3: 
0.00107~: 


U: 
0.001275: 
.5: 
0.001175: 
46: 
0.001175: 


.7: 
0.001075: 
f8: 
0.001175: 


.9: 
0.001175: 


U: 
0.001175: 
f8: 
0.00127~1 
.c: 
0.001375: 
.0: 
0.00107~: 


n: 
0.001375: 


IF: 
0.001075: 


~: 
0.0011,15: 


51: 
0.001175: 


52: 
0.001175: 


53: 
0.000915: 


M: 
0.000915: 
55: 
0.001075: 


56: 
0.001175: 


57: 
0.001275: 


58: 
0.00127~: 


59: 
0.001175: 


SA: 
0.001075: 
58: 
0.001075: 


!>C: 
0.001275: 
5D: 
0.001075: 


5£: 
0.001175: 
SF: 
0.001175: 
60: 
0.000975: 
61: 
0.001075: 
62: 
0.001015: 


63: 
0.001275: 
M: 
0.001275: 
65: 
0.001075: 


fib: 
0.001l7~: 


67: 
0.001375: 


68: 
0.001075: 


69: 
0.00107~: 


bA: 
0.001075: 


6B: 
0.001175: 


bC: 
0.001175: 


60: 
0.001175: 


6£: 
0.001175: 
6F: 
0.001075: 
70: 
0.001075: 
270365-52 
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• 


intel.. 
AP-406 


270365-53 


11: 
0.001375: 
72: 
0.001175: 
73: 
0.001115: 
74: 
0.001175: 
75: 
0.001175: 
76: 
0.001175: 
77: 
U.OOI275: 
78: 
0.00H75: 
79: 
0.001275: 
7.: 
U.001375: 
7.: 
0.001375: 
7C: 
0.001375: 
7D: 0.001375: 
71: 
0.001175: 
7F: 
0.001075: 
80: 
0.001275: 
81: 
0.001175: 


82: 
0.00127~: 
83: 
0.001275: 
a4: 
0.001075: 
85: 
0.001175: 
86: 
0.001175: 
87: 
0.001275: 
88: 
0.001075: 
89: 
0.001075: 
8.: 
0.001075: 
88: 
0.001075: 
8C: 
0.001075: 
8D: 0.001175: 
81: 
0.001075: 
8F: 
0.001175: 
90: 
0.001175: 
91: 
0.001175: 
92: 
0.001275: 
93: 
0.001175: 
94: 
0.001075: 
95: 
0.001175: 
96: 
0.001275: 
9": 
0.001075: 


'18: 0.001175: 
9'1: 0.001175: 
9A: 0.0017.75: 
91: 
0.001175: 
9<:: 0.001175: 
9D: 0.0012"/5: 
9£: 
0.001275: 
9F: 
0.001175: 
40: 
0.001075: 
AI: 
0.001175: 
42: 
0.001075: 
A3: 0.001275: 
44: 
0.001075: 
AS: 0.001175: 
io6: 
0.001275: 
A7: 0.001375: 
A8: 0.001375: 
49: 
0.001075: 
AA: 0.001175: 
48: 
0.001075: 
AC: 0.0010751 


••• 


Repeatablllty 
Error, SN = 4130 (Continued) 
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intel· 
AP-406 


40, 
0.001075: 
AE: 0.001175: 
AF: 0.00107~: 
ID: 
0.001075: 
11: 
0.001175: 
12: 
0.00Il75: 
83, 
0.001275: 
B4: 0.000975: 
85: 
0.001175: 
86: 
0.00107S: 
87: 
0.001175: 
88: 
0.001275: 
89: 
0.00127~: 
lA: 
0.001175: 
B8: 0.001175: 
BC: 0.001075: 
BD: 0.001175: 
BE: 0.001l7~: 
IF: 
0.001175: 
co: 
0.001275: 
Cl: 
0.001275: 
C2: 0.001075: 
C3: 0.000975: 
Cf: 
0.001175: 
CS: 0.001175: 
CIt: 0.001175: 
C7: 0.001275: 
C8: 
0.001115: 
C9: 0.001175: 
CA: 0.001075: 
CB: 0.001375: 
CC: 0.001215: 
CO: 0.001275: 
CE: O.001l7~: 
CF: 0.001275: 
00: 
0.001175: 
01: 
0.001075: 
02: 
0.001275: 
03: 
0.001275: 
04: 
0.001175: 
OS: 0.001175: 
D6: 0.001015: 
07: 
0.001275: 
08: 
0.001175: 
09: 
0.001275: 
OA: 0.001175: 
OB: 0.001175: 
DC: 0.001275: 
00: 
0.001275: 
DE: 0.001275: 
OF: 0.001275: 
EO: 0.001175: 
El: 
0.000975: 
£2: 
0.001275: 
£3: 
0.001175: 
14: 
0.001175: 
E5: 
0.001075: 
lib: 
0.001175: 
17: 
0.001175: 
18: 
0.001175: 
270365-54 


Repeatablllty 
Error, SN = 4130 (Continued) 


5·269 


•• 


intel.. 
Ap·406 


270365-55 


B~: 0.OOI37S: 


EA: 
0.OO1l7S: 
D: 
0.001175: 
£C: 
0.00107S: 


0: 
0.DOI37S: 
U: 
0.001375: 
EF: 
0.001275: 
FO: 0.001175: 
FI: 
0.001l7S: 
F2: 
0.001l7S: 


F3: 
0.001275: 
F4: 
0.001l7~: 
FS: 
0.001275: 
F6. 
0.00107~. 
F7. 
0.001375. 
F8: 
0.001075: 


F9: 
0.001375: 
FA: 0.001275: 
FB: 0.001175: 
FC: 0.00127S: 


PD: 
0.001275: 
PI: 
0.001Z75: 
Ff: 
0.001275. 


JOO: 
0.001075: 
101: 0.001175: 
102: 
0.001275: 
103: 0.001075: 
104: 0.001075: 
105: 
0.00U75: 
106: 0.001175: 
107: 0.001175: 
108: 0.00127~: 
109: 0.001375: 
lOA: 0.001275: 
10R: 0.00107S: 
lOC: 0.001075: 
100: 0.001175: 
10£: 0.OOU75: 
lOP: 
0.001275: 
110: o.ooms: 
Ill: 
0.001075: 
112: 
0.001075: 
113: 0.001175: 
IIf: 
0.001175: 
us. 
0.00ll7S: 
116: 
0.001175: 
11": 
0.001375: 
118: 
0.001275: 
119: 0.001275: 
11A: 0.OO1l7~: 
liB: 
0.001175: 


lie: 
0.001l7S: 
110: 
0.001l7S: 
HE: 
0.001175: 
llP: 
0.001175: 
120: 0.001275: 
121: 0.001175: 
122: 0.001l75: 
123: 0.001175: 
124: 
0.001l7S: 


.. 


Repeatablllty 
Error, SN = 4130 (Continued) 


5-270 


infel.. 
AP-406 


IZS: O.OOIl7~: 
121>: 0.00117S: 
121: 0.001275: 
128: 0.00107~: 
129: 0.001175: 
12A: 0.001275: 
12B: 0.001175: 
12C: 0.001175: 
128: 
0.001275: 


12£: 0.001075: 
12F: 0.001275: 
130: 0.001175: 
m: 
0.001175: 


132: 0.001075: 
133: 0.001075: 
134: 0.001275: 
135: 0.001275: 
136: 0.001275: 
137: 0.001075: 
138: 0.001175: 
139: 0.001275: 
llA: 
0.001175: 


131: 0.001275: 
IX: 
0.001175: 
13D: 0.001175: 
131: 0.001275: 
13F: 0.001075: 
HO: 
0.001075: 


HI: 
0.001075: 


H2: 
0.001075: 
If3: 
0.001075: 


144: 
0.001175: 
IfS: 
0.001275: 
146: 0.001375: 
H7: 
0.001375: 


HB: 
0.001275: 
149: 0.001275: 
lU: 
0.001275: 


HI: 
0.001275: 


He: 
0.001375: 


UO: 
0.001375: 


HE: 
0.001175: 


HF: 
0.001175: 
150: 0.001175: 
151: 0.001275: 
152: 0.001375: 
153: 0.001275: 
154: 
0.001275: 
155: 
0.001175: 
1!J6: 
0.001175: 
157: 0.001275: 
158: 0.001175: 
159: 
0.0011'/5: 
15.\: 0.OO1l7S: 
15B: 0".001275: 
l5C: 
0.001175: 
ISD: 0.001375: 
lSE: 
0.00127S: 
15F: 0.001375: 


Jf>O: 
0.001375: 


270365-56 


Repeatablllty 
Error, SN = 4130 (Continued) 


5-271 


•• 


infel· 
AP-406 


161: 0.001275: 
16Z: 0.001115: 
163: 0.001175: 
164: 
0.001275: 
165: 0.001175: 
166: 0.001175: 
167: 
0.001375: 
168: 0.001375: 
169: 
0.0014751 
IbA: 0.001175: 
161: 
0.001075: 
16C: 0.001275: 
168: 0.001215: 
161: 
0.001175: 
16F: 0.001175: 
170: 0.001275: 
171: 0.001275: 
172. 
0.001175: 
1131 0.001115. 
1741 0.001275. 
175: 
0.001275: 
116: 
0.001Z75. 
177. 
0.001175: 
178: 
0.001275: 
119: 
0.001275: 
17.. 
0.001015: 
118: 0.001275. 
I1C: 0.001115: 
17D: 0.001275: 
11r.: 0.001075: 
17P: 0.001275: 
180: 0.001275: 
181: 
0.001375: 
182: 0.00137~: 
183: 0.001275: 
18t: 
0.001315: 
185: 0.001275: 
186: 0.001075: 
187: 
0.001075: 
188: 
U.001275: 
189: 
0.001115: 
IBA: 0.uuII75: 
18B: U.001275: 
ll1e: 0.001275: 
18D: 0.001215: 
181: 0.00U·/5: 
18F: 0.001215: 
19u: 
0.001115: 
191: 
U.001275: 
192: 
0.001175: 
193: 
U.001175: 
194: 
U.U010751 
195: 
U.001375: 
1'16: U.001275: 
197: 0.001115: 
198: 
0.0011'15: 
199: 0.U01375: 
19A: 0.001375: 
191: 
0.001215: 
191:: 
O.OOJl7S: 


,,,,,,, 


·1 


1 


1, 
I 
I 


1,, 


1 


1, 


1 
I 


1 
I 
I 


1 


1 
270365-57 


5-272 


Repeatablllty 
Error, SN = 4130 (Continued) 


intel· 
AP-406 


270365-58 


• 


19D: o.ooms: 
191: 0.00121S: 
19': 
0.00121S: 
lAO: 0.00121S: 
1Al: 0.001215: 
142: 0.001315: 
143: 0.OOH75: 
1•• : 
0.00Il7S: 
1A5: 0.001015: 
1A6: 0.0011'15: 
1A1: 0.001275: 
1A8: 0.001175: 
U9: 
0.001315: 
1": 
0.001275: 
UI: 
0.001275: 
lAC: 0.001175: 
UII: 
0.001175: 
1A1: 0.001115: 
IAF: 0.001115: 
110: 0.001075: 
IBI: 
0.001315: 
112: 0.000975: 
i13: 
0.001175: 
114: 0.001075: 
liS: 
0.001375: 
111>: 0.001375: 
117: 0.001175: 
118: 0.001175: 
119: 0.001375: 
IBA: 0.001175: 
11.: 
0.001.,5: 
lie: 
0.001115: 
liD: 
0.001275: 
Ill: 
O.001l7S: 
11': 
0.001175: 
lCO: 0.001l75: 
lCl: 
0.001175: 
1C2: 0.001175: 
IC3: 0.001275: 
IC.: 
0.001375: 
ICS: 0.001275: 
1C6: 0.001115: 
lC7: 
0.001175: 
IC8: 0.001375: 
lC9: 
0.001175: 
lCA: 0.001015: 
ICI: 
0.001075: 
lCC: 0.001275: 
lCD: 0.001375: 
ICE: 0.001215: 
IC': 
0.001075: 
lOO: 0.001115: 
IDI: 
0.001275: 
112: 0.001275: 
lD3: 0.001275: 
114: 0.001275: 
IDS: 0.001275: 
116: 0.001215: 
117: 
0.0011151 
IN, 
~.OOI21r.. 


t 
• 


Repeatablllty Error, SN = 4130 (Continued) 


5-273 


inlet 
AP-406 


270365-59 


109: 0.001215: 
lOA: 0.001215: 
lOB: 0.001115: 
1DC: 0.001115: 
100: 
0.001215: 
10£: 0.001115: 
UF: 
0.001315: 
1£0: 
0.001375: 
1£1: 0.001075: 
1£2: 0.00121~: 
1£3: 
0.001175: 


IE4: 
0.001175: 
1£5: 0.001275: 
116: 0.001175: 
1£7: 0.001215: 
1£8: 
0.001175: 


189: 
0.001175: 


lEA: 0.001175: 
1£8: 
0.001015: 
1BC: 0.001275: 
110: 0.,001215: 
IBI: 
0.001115: 


IIF: 
0.001275: 
IFO: 
0.001375: 
IF1: 
0.001015: 


1F2: 0.001175: 
1F3: 0.001574: 
1F4: 0.001275: 
IFS, 
0.001175: 
IF6, 
0.001175: 
In: 
0.001275: 


1F8: 0.001115: 
IF9: 
0.001115: 
IFA: 
U.001175: 


IF8: 
0.001215: 
IFC: 0.001175: 
1FD: 0.001115: 
lFE: 
0.001215: 
1FF: 0.001215: 
200: 
0.001275: 


201: 
0.001375: 
202: 
0.001375: 


203: 
0.001175: 


,204: 
0.00ll15: 
205: 
0.001215: 
206: 
0.001115: 
201: 
0.001375: 


208: 
0.001275: 
209: 
0.001175: 
20A: 0.001175: 
201: 
0.001275: 


20C: 0.001275: 
200: 
0.001275: 
201, 
0.001115: 


20F: 
0.001175: 


210: 
0.001175: 
211: 
0.001175: 


212: 
0.001015: 
213: 
0.001275: 
214: 
0.001115: 


Repeatablllty 
Error, 
SN = 4130 (Continued) 


5-274 


intel.. 
AP-406 


215: 
0.001275: 


216: 
0.00127~: 


217: 
0.001275: 
218: 
0.001275: 


219: 
0.001375: 


21A: 0.001175: 
2lB: 
0.001275, 


21C: 0.001275, 
210: 
0.001275, 


2IE: 
0.001175: 


21F: 
0.001175: 


220: 
0.001375: 
221: 
0.001215, 


222: 
0.001315: 


223: 
0.001375: 


224: 
0.001115: 
225: 
0.001375: 
226: 
0.001175: 


227: 
0.001315: 
228: 
0.001115: 


229: 
0.001275:' 


22A: 0.001175: 
228: 
0.001275: 
22C: 
0.001275: 


22D: 0.001175: 
22£: 
0.001175: 


22F: 
0.001075: 


230: 
0.001275: 


231: 
0.001175: 


232: 
0.001175: 


233: 
0.001275: 
234: 
0.001275: 
235: 
0.001375: 


236: 
0.001375: 


237: 
0.001275: 


238: 
0.001215: 


239: 
0.001175: 
234: 
0.001175: 


238: 
0.001175: 


23C: 0.001175: 
230: 
0.001315: 
l3£: 
0.001115, 


23F: 
0.001275: 


240: 
0.001275: 


241: 
0.001215: 
242: 
0.001275: 
243: 
0.001215: 
244: 
0.001215: 


245: 
0.001375: 
246: 
0.001075: 


247: 
0.001J15: 


. 248: 
0.001175: 


249: 
0.001315: 
24A: 0.001115: 
248: 
0.001215: 


24C: 
0.001015: 
24D: 0.001115: 
24£: 
0.001375: 
24F: 
0.001375: 
250: 
0.001275: 
270365-60 


Repeatabllity 
Error, 
SN = 4130 (Continued) 


5·275 


•• 


intel.. 
AP-406 


270365-61 


2M: 
0.001175: 
252: 
0.001275: 
253: 
0.001275: 
254: 
0.001175: 
255: 
0.001375: 
256: 
0.001275: 
257: 
0.001275: 
258: 
0.001275: 
259: 
0.001175: 
2SA: 0.001075: 
258: 
0.001175: 
25C: 0.001475: 
250: 
0.001275: 
25E: 0.001275: 
25F: 
0.001175: 
260: 
0.001275: 
261: 
0.001175: 
262: 
0.00ll75: 
263: 
0.001275: 
264: 
0.001275: 
265: 
0.001275: 
266: 
0.001175: 
267: 
0.001375: 
268: 
0.001275: 
269: 
0.001275: 
26A: 0.001175: 
268: 
0.001175: 
26C: 0.001375: 
268: 
0.001375: 
26£: 
0.001375: 
26F: 
0.001475: 
270: 
0.001175: 
271: 
0.001375: 
272: 
0.001115: 
273: 
0.001075: 
274: 
0.001275: 
275: 
0.001175: 
276: 
0.001275: 
7.77: 0.001375: 
278: 
0.001375: 
279: 
0.001375: 
27A: 0.001275: 
278: 
0.001275: 
21C: 0.001275: 
27D: 0.001175: 
27£: 
0.001075: 
27P: 0.001275: 
280: 
0.001275: 
281: 
0.001375: 
282: 
0.001275: 
283: 
0.001275: 
284: 
0.001275: 
285: 
0.001375: 
286: 
0.001275: 
287: 
0.001375: 
288: 
0.001175: 
289: 
0.001275: 
28A: 0.001175: 
281: 
0.001375: 
28C: 0.001175: 


Repeatablllty 
Error, SN = 4130 (Continued) 


5-276 


V.UVA.,J';.I: 


29B: 0.001375: 
29<:: 0.001275: 
29D: 0.001175: 
29B: 0.001375: 
29P: 
0.0011'15: 
lAO: 0.001175: 
lAl: 
0.001175: 
2A2: 0.001375: 
2A3: 0.001275: 
lAt: 
Q.001175: 
lA5: 
0.001175: 
lA6: 
0.001175: 
lA7: 
0.00Il75: 
lA8: 
0.001475: 
lA9: 
0.001275: 


lAA: 0.001175: 
lAB: 
0.00Il75: 


lAC: 0.001375: 
2AD: 0.0012751 
lAB: 0.001275: 
lAF: 
0.001175: 
llO: 
0.001175: 
281: 
0.001175: 
28l: 
0.001175: 
213: 
0.001275: 


2Bt: 
0.001175: 
l85: 
0.001275: 
286: 
0.001175: 
287: 
0.001275: 
l88: 
0.001275: 


289: 
0.001275: 


lBA: 0.00Il75: 
lB8: 
0.001375: 


lBC: 
0.00Il75: 
28D: 0.001375: 
211: 
0.001375: 
llF: 
0.001375: 
lCO: 0.001375: 
ZCI: 0.001375: 
lC2: 
0.001375: 
2C3: 0.001375: 
lCt: 
0.001375: 
2C5: 
0.00H75: 
2C6: 0.001275: 
2C7: 0.001375: 
ze8: 
0.001275: 


Repeatablllty 
Error, SN = 4130 (Continued) 


5-277 


270365-62 


• 


intel.. 
AP-406 


2e9: 
0.00137~: 
2eA: 0.001175: 
2e.: 
0.001275: 
zcc. 
0.001l7~: 
leD: 
0.00H75: 
2eE: 
0.001275: 
2eF: 
0.001175: 
2DO: 0.001175: 
201: 
0.001175: 
202: 
0.001275: 
2D3: 0.001375: 
284: 
0.001175: 
205: 
0.001175: 
206: 
0.001275, 


207: 
0.001375: 


208: 
0.001275: 
209: 
0.001275: 
20A: o.ooln~: 
20B: 0.00H75: 
2DC: 0.001375: 
200: 
0.001375: 
201: 
0.001375: 
20P: 
0.001375: 
2EO: 0.001175: 
2£1: 
0.001375: 
212: 
0.001275: 
2£3: 
0.001l7S: 
2£4: 
0.001175: 
2£~: 
0.001275: 
2£6: 
0.001275: 
2£7: 
0.001375: 
2E8: 0.001175: 
l£9: 
0.00Il75: 
2EA: 0.001275: 
2£8: 
0.001175: 
2Ee: 
0.001375: 
2EO: 0.001275: 
2££: 
0.001275: 
2EF: 0.001175: 
7.FO: 0.001275: 
2Fl: 
0.001375: 
2F2: 
0.001375, 
l13: 
0.00Il75: 


2F4: 
0.001275: 
215: 
0.001375: 


216: 
0.00H75. 
2F7. 
0.00J:j75: 
lF8: 
0.0013'15. 
lF9: 
0.00H75. 
2FA: 0.001275: 
2F8: 
0.001175, 
2Fe: 
0.00Il75: 
210: 
0.00Il75: 
2F£: 
0.001275. 
2FF: 0.001275: 
300: 
0.001075: 
301: 
0.001275: 
302. 
0.001375. 
303: 
0.001275: 
304: 
0.001175: 
270365-63 


Repeatabillty 
Error, SN = 4130 (Continued) 


5-278 


infel· 
AP-406 


:105: 0.OUI475: 


lOf>: 
0.001275: 
367: 
0.001375: 
308: 
0.001375: 
309: 
0.001275: 
JOA: 0.001275: 
lOB: 0.001375: 
:IOC: 0.001275: 
3OD: 0.001475: 
30£: 
0.001275: 


:lOP: 0.001375: 
310: 
0.001175: 
JIl: 
0.001175: 
312: 
0.001275: 
313: 
0.001275: 
314: 
0.001375: 
315: 
0.001275: 
316: 
0.001275: 
317: 
0.001275: 


318: 
0.001175: 
319: 
0.001375: 
31A: 0.001275: 
311: 
0.001075: 
31C: 0.001175: 
31D: 0.001375: 
31£: 
0.001375: 
31F: 0.001375: 
320: 
0.001375: 
321: 
0.001375: 
322: 
0.001375: 
323: 
0.001275: 
324: 0.001174: 
32S: 0.001575: 
326: 
0.001275: 
327: 
0.001475: 
328: 
0.001174: 
329: 
0.001375: 
32A: 0.001275: 
321: 
0.001275: 
32C: 0.0013'15: 
32D: 0.001375: 
32£: 
0.001375: 
32F: 0.0013751 
330: 
0.001174: 


331: 
0.001174: 
332: 
0.00U75: 
333: 
0.001275: 
334: 
0.001275: 


335: 
0.001575: 
336: 
0.001475: 
337: 
0.001114: 
338: 
0.00IZ·15: 
339: 
0.001275: 
33A: 0.001275: 
331: 
0.001275: 
33C: 0.001375: 
33D: 0.001375: 
331: 
0.001275: 
33F: 
0.001275: 
340: 
0.001174: 
270365-64 


Repeatablllty 
Error, SN = 4130 (Continued) 


5-279 


• 


intel. 
AP-406 


341: 
0.001315: 
342: 
0.001375: 
343: 
0.001375: 


34.: 
0.001174: 


345: 
0.001215: 


346: 
0.00111.: 


341: 
0.001575: 
348: 
0.001375: 


349: 
0.001275, 


34A: o.oolm: 
348: 
0.001275: 
3ft: 
0.001275: 


34D: 0.001275: 
34£: 
0.001275: 


34': 
0.001215: 
350: 
0.001375: 
351: 
0.001315: 
352: 
0.001375: 


353: 
0.001375: 
354: 
0.001215: 


355: 
0.001375: 
356: 
0.001315: 
351: 
0.001375: 
358: 
0.0010,.: 


359: 
0.001215: 


3~: 
0.001014: 


351: 
0.001375: 


3!iC: 0.001375: 
35D: 0.001315: 
351: 
0.001275: 


35': 
0.001375: 
360: 
0.001174: 
361: 
0.001375: 
362: 
0.001275: 


363: 
0.001215: 
.164: 0.001215: 
365: 
0.001315: 


366: 
0.001375: 


361: 
0.001315: 
368: 
0.001215: 


369: 
0.001114: 
36A: 0.001275: 
368: 
0.001375: 


36C: 0.00137~: 
36D: 0.001275: 
36£: 
0.001275: 


36F: 
0.00lf75: 
370: 
0.001375: 


371: 
0.00127~: 
372: 
0.001375: 
373: 
0.001315: 


374: 
0.001275: 
375: 
0.001275: 


376: 
0.001275: 


311: 
0.001275: 


378: 
0.001275: 


379: 
0.001515: 


3": 
O.00lf75: 


311: 
0.001315: 
31C: 
0.001215: 
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"" .. 
v.vu.&! It: 
3aA: 
O.00121~: 


3aJ: 
0.00121~: 
38C: 
0.001215: 


3aD: 
0.001215: 


3aE: 
0.001215: 
3aF: 
0.001215: 


390: 
0:001275: 
391: 
0.OO1l1f: 


3'12: 
0.001375: 
393: 
0.001375: 
3'14: 
0.0013'15: 


395: 
0.001375: 
396: 
0.00107.: 
397: 
0.001215: 


398: 
0.001375: 


3'19: 
0.001375: 


39A: 
0.001215: 


39B: 
0.001375: 


39C: 
0.001215: 


39D: 
0.001215: 
39B: 
0.001475: 
39F: 
0.001375: 


JAO: 0.001275: 
3Al: 
0.001275: 


3A2: 
0.001275: 


JA3: 
0.001215: 
JA4: 
0.001315: 


JAS: 
0.001275: 


JA6: 
0.001l7f: 
JA7: 
0.000914: 


3A8: 
0.001475: 


3A9: 
0.001315: 
3AA: 0.001275: 
3AB: 0.001475: 
3AC: 0.001275: 
3AD: 0.001315: 
JAI: 
0.001375: 


3AF: 0.001375: 
310: 
0.0014'15: 
3Bl: 
0.001174: 
312: 
0.0011": 


383: 
0.001275: 
384: 
0.001215: 
385: 
0.001275: 
316: 
0.001215: 
387: 
0.001315: 
3IB: 
0.001375: 
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JB9: 
0.00127~: 


314: 
0.00127~: 


JIB: 
0.00lf7~. 


31e: 
0.00127~: 
310: 
0.00137~: 


31£: 
0.00117.: 


31F: 
0.00127~: 


lCO: 0.00127~: 
XI: 
0.0011,.: 
X2: 
0.00117.: 
:!C3: 0.001.75: 
X.: 
0.001275: 


:!CS: 0.00127~: 
31:&: 0.001375: 
3C7: 0.00117.: 
n: 
0.001275: 
3C9: 0.00127~: 
Xl: 
0.00117.: 


n: 
0.001375: 
n: 
0.00137~: 
XI: 
0.001375: 


3CE: 0.001275: 
lCF: 
0.001275. 


300: 
0.OOlf75: 
311: 
0.001875: 
3D2: 0.001375: 
3D3: 0.001375: 
3Dt: 
0.001375: 
3D5: 0.001375: 
386: 
0.001375: 
3D7: 0.001375: 
3D8: 0.001375: 
3D'!: 0.001275: 
31A: 0.00117.: 
30B: 0.001415: 
3OC: 0.OOlf75: 
300: 
0.001375: 
JO£: 0.001275: 
3DF: 0.001375: 
310: 
0.001171: 


JII: 
0.001575: 
312: 
0.00]375: 
3£3: 
0.001275: 
3EI: 
0.001275: 
l1l5: 
0.001375: 
JEb: 
0.001175: 


3£7: 
0.001275: 


3Ee: 
0.001275: 
J£~: 
0.001575: 
3EA: 0.001575: 
3£1: 
0.001275: 
JEe: 
0.001275: 
3EP: 0.001375: 
31B: 0.00117.: 
JEF: 
0.OOlf75: 
3FO: 0.001275: 
3FI: 
0.001375: 
3F2: 
0.00117.: 
3F3: 
0.001475: 


3F.: 
O.OOlf75: 
~5: 
0.001171: 
3F6: 
0.001275. 
3": 
0.001275: 


3": 
0.0012'!S: 
3": 
0.001275: 
lFA: 
0.00117•• 
m: 
0.001275: 
3IC: 
0.001275. 
:lfD: 
0.001275: 
lFI. 
0.001375: 
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1.0 INTRODUCTION 
The 80C196KB microcontroller is a highly integrated 
and high performance member of the MCS(8)-96family. 
The 
part 
is available 
in 
ROM 
(83C196KB) 
and 
EPROM (87C196KB) versions. A block diagram of the 
80C196KB is shown in Figure 2. The availability of a 
variety of on board peripherals such as timer/counters, 
A/D, 
PWM, Serial Port and High Speed Input and 
Output capture/compare 
timer subsystem provides for 
a flexible architecture for control applications at a rea- 
sonable cost. 


Distributed control of servo motors has a wide range of 
applications including industrial control, factory auto- 
mation and robotics. The tasks involved in controlling a 
servo motor include position and velocity measure- 
ment, implementation of control algorithms, detection 
of overrun and stress conditions, and communication 
back to a central controller. The 80CI96KB high per- 
formance microcontroller provides a low cost solution 
for handling these required control tasks. 


COMMUNICATION 
SOfTWARE fOR 
DISTRIBUTED 
CONTROL 


CURRENT 
SENSING 
fOR OVERRUN 
CONDITIONS 


270701-1 


Figure 1. Control 
Tasks for Distributed 
Control 
of a Servo Motor 


VREF 
ANGND 


CONTROL 
SIGNALS 


PORT 3 


ADDR/ 
DATA 
BUS 


A/D 
PORT 0 
HSI 
HSO 
270701-2 


Figure 2. 80C196KB 
Block Diagram 
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This 
application 
note describes 
several 
different 
meth- 
ods for motor 
control 
using the on board 
peripherals 
of 
the 80C196KB. 
Hardware 
and Software 
techniques 
are 
addressed 
to generate 
PWMs 
for driving 
motors 
and to 
measure 
position 
from 
the output 
of precision 
optical 
encoders. 


A Proportional, 
Integral 
and 
Differential 
(PID) 
algo- 
rithm 
controls 
both the position 
and velocity 
of the mo- 
tor. The PID 
algorithm 
employs 
proportional, 
integral 
and differential 
feedback 
to control 
the system 
charac- 
teristics 
of the motor. 
The motor 
can be moved 
either 


manually 
or under 
the control 
of a velocity 
profile. The 
mode used to position 
the motor 
is determined 
by com- 
mands 
received 
from a master 
controller. 


Communication 
to the 
master 
controller 
was 
imple- 
mented 
using the onboard 
serial port of the 80C196KB. 


The 
application 
of distributed 
control 
to position 
and 
program 
a six axis robot arm using six separate 
motors 


will be described. 
Each 
80C196KB 
motor 
controller 
acts 
as a slave under 
control 
of the master. 
An 
IBM 
PCTM was selected 
as the master 
controller 
for the ro- 
bot. Turbo 
Prologf 
was used to develop 
the human 
interface. 
A robot 
programming 
language 
and control 
screen 
was produced 
to program 
movements 
of each 
individual 
motor. 


The motor 
control 
hardware, 
taking 
full advantage 
of 
the peripheral 
features 
of the 
80C196KB, 
will be dis- 
cussed 
first. The control 
software 
will be discussed 
lat- 
er. 


2.0 
HARDWARE 


The hardware 
tasks 
required 
to control 
a servo motor 
under 
the command 
of a centralized 
controller 
include 
the following: 


I) Feedback 
of the motor 
position 
and direction. 


2) Control 
of the motor 
speed and direction. 


3) Detection 
of motor 
overrun 
conditions. 


4) Communication 
from/to 
a master 
controller. 


Two different 
hardware 
interface 
examples 
for control- 


ling a servo motor 
are shown 
in Figures 
3 and 4. The 
first example 
controls 
one motor 
using 
TIMER2 
and 
the dedicated 
PWM 
unit on the 80CI96KB 
and would 
best fit a high performance, 
high resolution 
application. 


Example 
number 
2 uses the HSI 
(High 
Speed 
Inputs) 
and the HSO (High 
Speed Outputs) 
to control 
two mo- 
tors. The second 
method 
can control 
up to four motors 


by trading 
off some performance 
and resolution. 


This section 
deals with the hardware 
and software 
re- 


quirements 
of acquiring 
position 
feedback 
from 
incre- 
mental 
shaft 
encoders 
and generating 
outputs 
to drive 
DC servo 
motors. 
A current 
limiting 
circuit 
which 
is 


useful in determining 
when the motor 
has stalled 
is also 


presented. 
Current 
monitoring 
can 
also 
control 
the 
torque 
to prevent 
the motor 
from 
crushing 
an object. 


The closed loop digital 
control 
algorithms 
are .discussed 
in the software 
section. 


2.1 Optical Encoders 


Optical 
encoders 
can be used to measure 
the position 
of 
rotating 
equipment. 
They 
provide 
a cost effective 
solu- 
tion for digital 
position 
and velocity 
feedback 
to a mi- 
crocontroller. 
Encoders 
produce 
two pulse trains 
which 
give an incremental 
position 
count. 
Velocity 
and accel- 
5 


eration 'may be calculated 
by measuring 
the number 
of 
counts 
in a given 
sample 
period. 
Or, in a slow speed 


system, 
velocity 
and acceleration 
can be measured 
di- 
rectly 
from 
the time between 
edges of the pulse 
train. 


Acceleration 
and velocity 
calculations 
are discussed 
in 
detail in the software 
section. 


T2CLKl--------fl5«~iR~~~~1 
T2UPIONt----t~~J'"'-""=-"'1 
"'ll~6 
••• 
AID 
BUS 


ACHO r--;::::;;;::;--;:;L.~:=I 
P2.7 


PWM 
8 
373 
DATA1-,.._" 


::?C64 
80C196KB 


DC SERVO MOTOR 
270701-3 


Figure 3. Block Diagram of Motor Control 
Hardware 
using PWM and TIMER2 
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80C196KB 


HSI.O 
pO.Ol----' 
1 
~NCi~il~PH~A~S~E~A~ 
HS1.l to 
ENCODER PHASE B 
PO.lr----L,!;L20G~I~CJ~=~ 
•• 
I-ItI!l ~6'-4A/D 
BUS 


ACHOI-;::=::;-"';::JL-~ 
P2.7 
HSO.O 


ACHlt--;:::;::;-~~ 
~ 
P2.6 
HSO.l 


270701-4 


Figure 4. Block Diagram of Motor Control 
Hardware 
using HSO and HSI 


Pulse trains from an encoder can vary from two pulses 
per revolution for low cost applications, to over 5000 
pulses per revolution for high resolution requirements. 
Figure 5 shows an eight line encoder along with the 
associated waveforms. A small amount of external logic 
and a few discrete components decode a position count 
and a direction indication from phase A and phase B. 


External logic for encoders is shown in Figure 6. Figure 
7 shows a timing diagram of the circuit. Bold type de- 
notes the input and desired output 
waveforms. The 
phases from an encoder are mechanically produced 
electrical signals. When the motor rotates slowly, the 
phases inherently exhibit slow rise and fall times. The 
four Schmitt triggers in the circuit protect against oscil- 
lation in the digital circuit due to these long rise and 
fall times. 


Inside track generates 
Phase A and outside 
track generates 
Phase 
B 
270701-5 


CLOCKWISE 


PHASEA~ 


PHASE BSl5'L 


COUNTERCLOCKWISE 


PHASE ASl5'L 


PHASEB~ 


Figure 5. Eight Line Encoder 
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0 
U3 


CL 


.:I: 
~ 
- 
0 
U3 


BSHOT 
CL 


.:I:- 
0 
DIRECTION 
U4 
Q 
U1 = 74HC14 
U2 = 74HC86 
CL 


U3 = U4 = 74HC74 
270701-6 


Figure 6. External 
Logic for Encoders 


CLOCKWISE 
COUNTERCLOCKWISE 


PHASE A 


u 
u 
u 
u 
u 
ASHOT 


BSHOT 


PHASE Bl 
.... 


CUP/ON 


COUNT 


UP/ON 


270701-7 


Figure 7. Timing Diagram 
for Logic Circuit 


A simple one-shot is constructed with an RC circuit 
and an XOR gate to generate a pulse on each edge of 
each phase. ASHOT clocks phase B and BSHOT clocks 
phase A. This technique of digital filtering insures re- 
petitive edges on a single phase without an edge on the 
other phase are not passed on to the processor. Repeti- 
tive edges occur when the motor changes direction. 


Further logic obtains a direction or UP/DN 
bit. Note 
the first edge after a direction change is lost. A lost 
edge does not affect the count since the first transition 
is lost in both directions. Since an edge is lost in each 
direction, the circuit has an absolute resolution of one 
edge. 
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2.2 
Interfacing 
to TIMER2 


COUNT 
indicates 
an 
incremental 
position 
count 
on 
both 
its 
rising 
and 
falling 
edge. 
TIMER2 
on 
the 
BOC196KB 
is a 
16 bit 
externally 
clocked 
up/down 
counter 
clocked 
on the 
rising 
and 
falling 
edge 
of its 
input 
signal. 
A one or zero on port pin 2.6 determi?es 
whether 
TIMER2 
counts 
up or down. 
By interfacing 
an optical 
encoder 
to TIMER2 
as shown 
in ~igure 
B, 
an up/down 
counter 
is realized. 
No s.oftware lJ~terv~n- 
tion 
is required 
to keep track 
of posmon 
or ?Irectton 
changes 
with the 
16 bit TIMER2. 
The C~U 
IS free to 
concentrate 
on executing 
the control 
algonthm. 


PHASE 
A- 
COUNT 
T2CLK 
DECODE 
CIRCUIT 
DIRECTION 
- 
P2.6 
PHASE 
B 


80C196KB 


270701-8 


Figure 8. TIMER2 
and Encoder 
Interface 
Circuitry 


For 
designs 
requiring 
greater 
resolution, 
a 32-bi~ up! 
down 
counter 
may 
be realized 
with 
the 
same 
circuit 
and minimal 
software 
overhead. 
TIMER2 
can cause an 
interrupt 
on an overflow 
condition. 
However, 
an over- 
flow interrupt 
is not the safest way to implement 
a 32- 
bit 
up/down 
counter. 
Repetitive 
overflow 
interrupts 
could 
happen 
when 
the motor 
oscillates 
about 
a posi- 
tion where 
the LSW 
(Least 
Significant 
Word) 
is zero, 
or TIMER2 
keeps overflowing 
and underflowing. 
For 
this method, 
the total software 
overhead 
required 
for a 
32-bit 
up/down 
counter 
is dependent 
on th~ position 
and 
set point 
of the motor 
and 
would 
be difficult 
to 
predict. 


A much 
better 
way 
to implement 
a 32-bit 
up/down 
counter 
is shown 
in Figure 
9. TIMER2 
is only read at 
the beginning 
of the control 
algorithm, 
or once a sam- 
ple time. This does not present 
an acc~racy 
problem 
for 
a digital control 
algorithm. 
TIMER2 
IS read Into a tem- 
porary 
register. 
The temporary 
value is then subtracted 
from TIMER2, 
rather 
than clearing 
TIMER2, 
ensurin.g 
no counts 
will be missed. 
The IS-bit temporary 
value IS 
sign extended 
to form a two's 
complement 
32-bit value 
and added 
to the old 32-bit position 
value to form the 
current 
position 
value. 
This 
32-bit 
up/down 
count.er 
provides 
the accuracy 
needed 
for a control 
loop whil.e 
keeping 
software 
overhead 
constant 
under 
all condi- 
tions. 


A Pittman motor with a HewJett Packard HEDS - 5310 
512 line incremental 
shaft 
encoder 
was interfaced 
to 
TIMER2. 
Even 
at a maximum 
shaft 
rotation 
of 6000 


CONTROL 
ALGORITHM 


270701-9 


Figure 9. Control 
Algorithm 
for TIMER2 


RPM, 
the edges 
are only 
clocked 
into 
TIMER2 
at a 
period 
of about 
5,...s. 


(6000 
R/M)' 
(1/60 
M/SEC)' 
(512 LINE)' 
(4 EDGES/LINE) 
~ 


204,800 
edges 
per second 


TIMER2 
has a minimum 
transition 
period 
of once 
a 
state time, 
or 167 ns 
@ 12 Mhz, 
in the fast increment 
mode. 
Obviously, 
much 
higher 
resolutions 
and 
speeds 
may be obtained. 


2.3 
InterfaCing to the HSI 


The 
HSI 
can 
interface 
more 
than 
one 
motor 
to the 
BOC196KB. COUNT 
is input 
into an HSI pin which 
is 
configured 
to recognize 
events 
on both 
the rising 
and 
falling 
edge of its input 
signal. 
UP /DN 
is input 
to a 
port pin to determine 
direction. 
Up to four motors 
can 
be interfaced 
to the 
BOC196KB 
using 
the 
four 
input 
pins of the HSI. The disadvantage 
of using 
the HSI is 
an ISR 
(Interrupt 
Service 
Routine) 
must 
be executed 
on each edge. Considerable 
software 
overhead 
could oc- 
cur if edges are clocked 
into the HSI faster 
than 
about 
one every 
150,...s. 


Two 
Pittman 
motors 
with 
2 line encoders 
were inter- 
faced to the HSI to generate 
two 32-bit up/down 
coun- 
ters as an example. 
With both motors 
turning 
at a max- 
imum 
velocity 
of 6000 RPM, 
an edge will occur 
every 
625,...s. The ISR in Figure 
10 processes 
the edges from 
the encoders 
and updates 
the position 
values 
and exe- 
cutes 
in about 
15,...s @ 
12 MHZ 
on the 
BOC196KB. 


This still allows 97.6% 
(l 
- 
15/1250) 
of the total pro- 
cessing time to implement 
control 
algorithms 
and other 
I/O 
functions. 
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;;;;;;;;;;;;;;i;;;;;;;;;;;i;;;;;;;;;;;;;;;;;;;;;;;;;;iill;;;;;;; 
HSI INTERRUPT SERVICE ROUTINE 
"", 
; i ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; i i ; ; ; ; ; ; ; ; ; ; i ; ; ; ; ; ; ; ; ; ; ; i ; ; ; i ; 
hsi data 
int: 
- 
pushf 
orb 
jbc 
more 
in fifo: 
- 
-andb 
ios1_bak,101111111b 
mot 
4 cnt: 
- - 
jbc 
jbs 
sub 
subc 
br 
mot 4 up: 
- - 
add 
mot_4-9os,11 
addc 
mot_4-90s+2,10 
mot 5 cnt: 
- - 
jbc 
jbs 
sub 
subc 
br 
mot 
5 up: 
- - 
add 
mot 5-9os,11 
addc 
mot~S--9os+2,10 
test 
again: 
- 
ld 
nop 
nop 
nop 
nop 
orb 
jbs 
no data: 
- 
popf 
ret 


ios1 bak,ios1 
ios1=bak,7,no_data 


hsi status,O,mot 
5 cnt 
portI,O,mot 
4 up - - 
mot 4-9os,11- 
mot:,4-9os+2, la 
mot_5_cnt 


hsi status,4,test 
again 
portI,l,mot 
5 up 
- 
mot 5-9os,11- 
mot:'S--90s+2,10 
test_again 


ios1 bak,ios1 
ios1=bak,7,more_in_fifo 


;test for any data received 


/ 


;test for count of motor 4 
;test for up/dn bit 
;decrement motor 4 position 


;increment motor 4 position 


;decrement motor 
5 position 


;increment motor 
5 position 


;read hsi time to step fifo 
;wait 8 state times 
for 
;holdinq reqister to be loaded 


;make sure fifo is flushed 
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Figure 10. HSllnterrupt 
Service Routine 


The HSI 
approach 
does add flexibility. 
Since the HSI 
records 
a TIMER 
I value with each transition. 
velocity 
and acceleration 
can be calculated 
on every edge. 


2.4 
Driving a DC Servo Motor 


Figure 
11 shows the circuit 
used to drive the motors. 
A 
digital 
output 
from the 80C196KB 
is converted 
into an 
analog 
signal 
capable 
of driving 
a DC 
servo 
motor. 
POWER 
is a PWM 
output 
from 
the 
80C196KB. 
DI- 
RECTION 
is a port 
bit which 
qualifies 
the + 15 or 
-15 
supply. 
A signal 
diagram 
is shown 
in Figure 
12. 


Isolation 
between 
the motor 
power supply and the digi- 
tal supply 
is provided 
by the two optical 
isolators 
pre- 
venting 
any 
inductive 
glitches 
caused 
by 
the 
motor 
turning 
on and otT from etTecting the digital circuit. 
The 
optical 
isolators 
in turn 
drive 
the two VFE"fS. Size of 


the VFE"fS was determined 
by the current 
specifications 
of the 
motors. 
Heat 
sinks 
were 
used 
to protect 
the 
VFE"fS. The VFE"fS are protected 
from voltage spikes by 
the MOV. 
(Metal 
Oxide 
Varistor), 
a type of transient 
absorber. 


2.5 
Using the Dedicated 
PWM Output 


The 
PWM 
output 
unit 
on the 
80C196KB 
is an 8 bit 
counter 
which 
increments 
every state time. The output 
is driven 
high when the counter 
equals 
zero and driven 
low when the counter 
matches 
the value in the PWM_ 
CONTROL 
register. 
Typical 
PWM 
waveforms 
are giv- 
en in Figure 
13. A prescaler 
can allow the PWM 
coun- 
ter to increment 
every two state times. 
With 
a 12 Mhz 
crystal. 
the PWM 
has a fixed output 
frequency 
of 23.6 
Khz, 
or 11.8 Khz 
with the prescaler 
enabled. 
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Figure 11. Motor Drive Circuitry 
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---1 
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Figure 12. Motor Drive Waveforms 


Duty 
Cycle 
0% 


PWM 
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00 
Output Waveform 


25% 
64 


50% 
128 


90% 
230 


99.6% 
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Figure 13. PWM Output 
Waveforms 
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The PWM unit along with pin 2.7 was used to drive 
one motor at a fixed output frequency of 23.6 Khz. By 
driving the motor at this frequency, motor whine in the 
audible range was eliminated. Note that a 00 value in 
the PWM register applies full power to the motor; the 
desired 8 bit output value must be inverted before it is 
loaded into the PWM_CONTROL 
register to obtain 
the correct output. 


2.6 
Using the HSO to Generate 
PWMs 


The HSO (High Speed Outputs) of the 80C196KB can 
generate up to four PWMs. The HSO triggers events at 
specified times based on TIMER 1 or TIMER2. For the 
specific purpose of generating PWMs, the event is driv- 
ing an output pin high or low. HSO commands are 
loaded onto the CAM, (Content Addressable Memory), 
which specify the time and event to take place. The 
CAM is eight positions deep. The HSO triggers the 
event on a successful compare with the associated tim- 
er. 


The 8OCl96KB can optionally lock commands onto 
the CAM. This feature is very useful for generating 
PWMs using TIMER2 
as the time base. Figure 
14 
shows an example of two PWM outputs using locked 
commands in the CAM. TIMER2 is clocked externally 
at a frequency which determines the resolution of the 
PWMs. TIMER2 can be clocked at a maximum fre- 
quency of once every eight state times (1.33/Ls @ 12 
Mhz) when used with the HSO. The RESET TIMER2 


@ T4 command specifies the output frequency of the 
PWMs. By changing the external TIMER2 clock fre- 
quency and the value of T4, the HSO can generate a 
wide range of PWMs. 


TO and T1 specify when the output pins will be driven 
low. By varying TOand T 1, the duty cycle of the output 
waveforms are changed. Both pins are driven high by 
the same command at the same time TIMER2 is reset. 
Since there are still four positions open in the CAM, 
two more PWMs could be generated and one position 
would still be left open in the CAM. 


For this ap-note, two Pittman motors were controlled 
using the HSO along with port pins 2.6 and 2.7. It was 
desired to keep the output frequency the same as the 
output frequency of the on-board ·PWM.To accomplish 
this, TIMER2 was clocked every 8 state times and reset 
when it reached 31 counts. This makes the output fre- 
quency 23.6 Khz 
@ 12 Mhz with 5 bits of resolution. 
CLKOUT was externally divided by 16 and input into 
TIMER2. Since TIMER2 counts on both the positive 
and negative edge of its input signal, a square wave 
with a 16 state period clocks TIMER2 every 8 state 
times. 


The ISR used to load commands onto the CAM is 
shown in Figure 15. When the control algorithm deter- 
mines an output has changed, a RESET TIMER2 com- 
mand gets loaded onto the CAM to generate an inter- 
rupt. The interrupt vectors to this routine and updates 
the CAM. To clear a locked entry from the CAM, the 
entire CAM must be flushed by setting IOC2.7. Care 
must be taken to reload all of the commands. This in- 
cludes any commands not locked on the CAM. 


7 


6 


5 


4 


3 


2 


RESETTIMER2 
\11T4 


SET HSO.O & 1 HIGH 
@T4 


SET HSO.1 
LOW @ T1 


SET HSO.O LOW @ TO 
o 


HSOCAM 


TIIoIER2 


HSO.1 
LJ 
LJ 
HSO.O 
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Figure 14. Two PWMs Using HSO Locked 
Entries 
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Idb 
add 
Id 
ldb 
popf 
ret 


timer2 
reset: 
-ldb 
IOC2,'11000000b 
ld 
hso command,tllOOlllOb 
Id 
hso=time,t31 
nop 
nop 
ldb 
Id 
hso command,tlllOOllOb 
hso=time,.3l 


cmpb 
mot_4-power,t3l 
je 
check 
4 
Idb 
hso command,tllOOOOOOb 
ldbze 
hso_time,mot_4-power 
check 
4: 


cmpb 
je 
Idb 
Idbze 


mot_S-power,131 
sanity 
check 
hso 
command,'llOOOOOlb 
hso=time,mot_4-power 


sanity 
check: 
-cmp 
TlHER2"32 
jnh 
sane 
clr 
TlHER2 
sane: 


;clear the CAM 
;load reset 
timer2 
command 


;this command 
will 
set both 
;hso lines 
for the PWM 


;load mot_4-power 
value 
;if power 
is lfh, 
do not 
load 
;this 
command, 
it will 
cancel 
;with the set command 


;load mot_S-power 
value 
;if power 
is lfh, 
do not 
load 
;this 
command, 
it will 
cancel 
;with 
set command 


;sanity 
check to make 
sure 
;TlMER2 
is not 
greater 
than 
3: 


hso 
command,.39h 
;reload 
software 
timer 
1 
swtI-P8riod_bak,lswtl_dly-period 
hso_time,swtl-period_bak 
port2,port2_bak 
;load 
direction 
bits 
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Figure 15. HSO Interrupt Service Routine 


There is the potential for commands to be missed when 
they are flushed and reloaded on the CAM. For exam- 
ple, an RSO command is loaded on the CAM to clear 
RSO pin 3 when TIMER2 
= 23 and the CAM is 
flushed when TIMER2 = 22. A new RSO command is 
then loaded onto the CAM to clear RSO.3 when TIM- 
ER2 = 21. This command will not execute until TIM- 
ER2 is cleared and counts back up to 21. Missed com- 
mands are difficult to avoid without excessive software 
overhead. Software must take missed commands into 
account and minimize the effects on the application. 


The ISR in Figure 15, insures if an output edge is 
missed for one period of TIMER2, the RSO pin will 
remain high. A logical one applies no power to the mo- 
tor. Also, at the end of the routine a sanity check makes 
sure TIMER2 is not greater than 31. 


2.7 Current Limiting 


When a motor is stalled, or excessively loaded, it will 
draw a lot of current. Current limiting can be used to 
keep the motor from damaging itself, or anything in its 
path. Several options exist to the user on what to do 
about a high current condition. Less power could be 
applied, or the motor could shut off entirely. This sec- 
tion only explains how to recognize a high current con- 
dition in a DC servo motor, not what to do about it. 


Figure 16 shows a way to convert the current from the 
motor 
into 
a voltage 
which 
can be read 
by the 
8OCl96KB onboard AID converter. Again, an opto- 
isolator keeps the motor and digital power supplies sep- 
arate. When enough current flows through the opto- 
isolator, the AID 
input voltage will drop down to 
about.7 volts. The current to the opto-isolator is varied 
by changing the values of the two resistors, RI and R2 
which split the current flow. By changing RI and R2, 
this circuit can be adjusted to work properly with dif- 
ferent motors and load conditions. 
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Figure 16. Current 
Sensing Circuitry 


Motor startup current must be considered when testing 
for a high current condition. When a motor is started, it 
will draw a great deal of current. This current surge can 
last for a few milliseconds. Software must decide if the 
motor is drawing excessive current because it is stalled, 
or just starting. The section of code in Figure 17 exe- 


cutes during the control algorithm. The current must 
be above ad~imit 
for 30 sample times before software 
recognizes a high current condition. Of course, these 
values must be adjusted up or down depending on the 
motor and load conditions. 


;do a current 
limit 
check 


jbs 
cmpb 
jh 
incb 
cmpb 


, 


ad command,3,motor 
around 
ad" result 
hi, ad limit 
current 
OK 
- 
ad count" 
ad::::count,t30 


;if AID 
still running, skip 


;want to do 30h AID 
conversicr.s 
;before acting because 
of mo(~= 
;startup 
current 


jne 
current_maybe_ok 


;here is where the user inserts his code on what to do 
;about 
a high 
current 
condition 


current_ok: 
clrb 
ad_count 
current_maybe_ok: 
ldb 
ad_command,t0000100lb 
;start 
another 
aid conversion 


motor 
around: 
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Figure 17. Current 
Sensing Software 
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I 
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I 
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.• 
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I 
.---------_ .. 
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3.0 SOFTWARE 


Figure 18. Software 
Block Diagram 


A block diagram of the software is shown in Figure 18. 
The software consists of a main program for hardware 
and software initialization of the 8OCl96KB peripher- 
als and programming 
of control tasks. The control 


tasks include tracking the motor position and direction, 
control of the motor speed and direction, detection of 
overrun conditions and communication to the master 
controller. 
After 
initialization 
is 
complete, 
the 
8OCl96KB enters idle mode to preserve power while 
not performing control tasks. Interrupt service routines 
for the serial port, HSI, HSO and software timer per- 
form the various control tasks. 


The communication protocol to the main controller is 
implemented in the serial receive and transmit routines. 
Commands from the master controller move the motor 
in one of two modes, manual or automatic, depending 
on the command. The commands are listed in Figure 
28. 


Manual mode moves the motor clockwise or counter- 
clockwise with a preset maximum control voltage ap- 
plied. Manual mode commands include MOTOR UP, 
MOTOR OOWN and STOP. The MOTOR UP and 
MOTOR OOWN commands send the motor into man- 
ual mode. The motor continues to run in the desired 
direction until a STOP command is issued from the 
master controller. The STOP command loads the desti- 
nation position with the current position and enters au- 
tomatic mode. 


Automatic mode positions the motor using either a p0- 
sition or velocity PlO algorithm. The position PlO al- 
gorithm is applied after reception of the STOP com- 
mand or when the desired position is reached. The des- 
tination position can be changed by a POSITION com- 
mand from the master controller. 


The maximum motor velocity and the destination posi- 
tion are contained in the POSITION command. If the 
maximum velocity is zero, a position PlO is applied to 
move the motor to the destination position. A non zero 
maximum velocity will position the motor using a ve- 
locity PlO algorithm. Position and velocity input to the 
algorithms are calculated based on position input from 
the encoder. 


Position information for the PlO algorithms can be 
provided by using the High Speed Inputs or TIMER2. 
The HSI interrupt routine processes the direction and 
position information incoming from the encoder to pro- 
vide current motor position. Alternatively, TIMER2 
directly measures the position when used as an up/ 
down counter. Velocity information can be calculated 
using the position information given a constant sam- 
pling rate. The position and velocity information are 
used by the PlO control algorithms. 


The control algorithm uses a software timer interrupt 
to generate the sampling rate of the control software. 
The main portion of the software timer routine calcu- 
lates the current position and velocity, senses the motor 
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current for overrun conditions, calls the PID control 
algorithm and generates the PWM control voltage to 
the motor. 


The speed of the motor can be controlled using the 
PWM or the HSO. If the HSO is used, the HSO inter- 
rupt routine generates a PWM output to control the 
voltage applied to the motor. Otherwise, the PWM unit 
controls the voltage applied to the motor. 


Each of the major software routines is covered in detail 
in this section. 


3.1 
Main Initialization 
Routine 


The main initialization routine executes immediately 
following reset to initialize the 80C196KB peripherals 
and enable the interrupt driven control tasks. A flow 
chart for the main initialization routine is shown in 
Figure 19. The constants and variables for the control 
algorithms and software routines are loaded into regis- 
ter space for fast execution. 


Next, the various peripherals are programmed to han- 
dle the control tasks. The PWM for voltage control of 
the servo motor is initialized. TIMER2 is programmed 
as an up/down 
counter 
with T2CLK 
as the clock 
source. The serial port is set to 19.2 Kbaud and pro- 
grammed for mode 2 to receive incoming commands. 
An AID conversion is started to check for initial stress 
conditions. Before the motor can be accurately posi- 
tioned, an initial reference point must be established. 


In order to find the reference point, an I/O port is 
connected to a limit switch. The motor is driven in a 
preset direction until the limit switch is activated. The 
initial position is then loaded and position PID control 
is applied to keep the motor stable. Position commands 
from the master controller can now precisely position 
the motor from the established reference point. 


Finally, the software timer, timer overflow, receive and 
transmit 
interrupt 
routines are enabled and the idle 
mode is entered to conserve power. The routines will 
execute as each individual interrupt 
control task re- 
quires servicing. Discussion of the control tasks of each 
software routine is contained in the following sections. 


3.2 Software 
Timer Interrupt 
Routine 


The software timer interrupt service routine executes 
every 500 ,...S and determines the sampling rate of the 
PID control algorithm. Figure 20 shows the flow chart . 
for the software timer interrupt routine. The routine 
determines the operating mode, calculates the current 
velocity and position and tests for overrun of preset 
boundary conditions and stress conditions. 
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Figure 19. Motor Initialization 
Routine 
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Figure 20. Software 
Timer Interrupt 
Routine 


An AID conversion compares the motor current to test 
for a stress condition against a preset limit. Thirty con- 
versions are done to average the motor current to pre- 
vent a false trigger due to a large current surge when 
the motor starts up. If the preset limit indicating a 
stress condition is exceeded, the motor is stopped. 


The motor is also stopped if the current position ex- 
ceeds the preset boundary limits. In the case of the 
robot, the movement of joints are limited to prevent 
positions which may cause stress conditions or damage 
the robot. The positioning of the robot is dependent on 
the mode of operation. 
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A manual flag is tested to determine if the automatic or 
manual mode should position the motor. The manual 
mode moves the motor either up or down with a preset 
maximum motor control voltage until a STOP com- 
mand is issued. The automatic mode positions the mo- 
tor using either the position PlO for accurate position- 
ing or the velocity PlO for long positioning. 


The software timer interrupt 
routine calculates and 
stores the current position and velocity of the motor for 
use by the appropriate PlO algorithm. The current ve- 
locity is calculated given the sampling rate, the current 
position and the previous position. The calculated ve- 
locity 
and 
position 
information 
is 
stored 
in 
the 
8OCl96KB register space for use by the PlO algorithm 
software. 


Recall that either a position PlO or a velocity PlO 
control algorithm will be executed depending on the 
maximum velocity value passed by the master control- 
ler. If the value is zero, a position PlO is employed, 
otherwise, the velocity profile is employed. The velocity 
profile PlO is ideal for large maneuvers while the posi- 
tion PlO is better for shorter movements or maintain- 
ing the current position. The generated output from the 
control algorithm is then loaded into the PWM control 
register and a return is executed. 


3.3 
PlO Control Algorithm 


The algorithm used to control the angular position and 
velocity of the motor is a common PlO algorithm. The 
algorithm uses proportional, 
integral and differential 
feedback to control the output to a motor. The PlO 
algorithm controls the important system characteristics 
of the motor: settling time, steady state error, and sys- 
tem stability. Each term in the control algorithm affects 
each system characteristic differently. A block diagram 
of the PlO algorithm is illustrated in Figure 21. 
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Figure 21. Block Diagram 
of PlO Algorithm 


The PlO algorithm consists of three terms: a propor- 
tional term, integral term and differential term. The 
proportional term drives the motor with an output di- 
rectly proportional to the error between the desired and 


measured position. The integral term consists of the 
integral of the position errors multiplied by an integral 
constant. The differential term is the change in error 
multiplied by a differential constant. The sum of the 
terms is then scaled to provide a control voltage to the 
motor. The system characteristics 
of the motor are 
tuned by the selection of appropriate constants. 


The settling time, steady state error and system stability 
are impacted by the amount of proportional gain select- 
ed. To accurately control a small change in motor posi- 
tion, a large gain is desired. Faster system response is 
attained by selecting a large gain but at the cost of 
greater overshoot and longer settling time. The effect of 
varying loads on the motor makes proportional control 
in itself inadequate because of system instability and 
large steady state error. 


Application of integral feedback drives the steady state 
error to zero by increasing the output in response to a 
steady state error. The integral term increases as the 
sum of the steady state error increases causing the error 
to eventually be driven to zero. The integral term, al- 
though driving the steady state error to zero, can cause 
overshoot and ringing if it is too large. This has the 
undesirable affect of poorer system response. Applying 
PI control works very well, however a faster system 
response can be acheived by applying a PlO algorithm. 


System response can be improved by adding a differen- 
tial term. Addition of this term improves the response 
time by providing a output proportional to the rate of 
change in error. When the motor has a large change in 
error, the term produces a large output to the motor. 
Therefore, the system responds faster to disturbances in 
the system. Most of the system instability is caused by 
too high of a differential constant. The size of the pro- 
portional, integral and differential constants provide 
tradeoffs to the desired system characteristics. 


Selection of the three gain constants is critical in pro- 
viding fast system response with good system charac- 
teristics. A slightly modified PlO algorithm controls 
the motor which improves both the system response 
and the system stability. Two modifications were made 
to improve the control algorithm. First, the size of the 
integral term was clamped to prevent instability caused 
by an extremely large integral term which could occur 
after a long time with large errors. Second, the integral 
term was cleared when the error changed sign to fur- 
ther improve the system stability. The PlO control al- 
gorithm is written in PL/M-96 for ease of development. 


3.4 
Position PlO Software 


The software flow chart for the PlO algorithm is shown 
in Figure 22. Upon entering the routine, the position 
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YES 
SET IolOTOR DIRECTION CLOCKWISE 


YES 
SET IolOTOR DIRECTION COUNTER 
CLOCKWISE 


NO 


YES 


YES 
SUIol_INTEGRAL = IolACINTEGRAL 


YES 


OUTPUT = (POLERRoKp 
+ SUIol_INTEGRAL °KI+ DIFF_ERR ° Kd) 


SCALER 


YES 


NO 


OUTPUT = LlIolIT 


SET DIRECTION 
COUNTER 
CLOCKWISE 


YES 
OUTPUT = LIIolIT 
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Figure 22. Position 
PlO Algorithm 
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error is checked for a minimum value before applying 
the position PlO algorithm. If the minimum position 
error is exceeded, the maximum PWM output is ap- 
plied to move the motor as rapidly as possible. 


Current position error is added to the integral sum. 
Position error and integral sum are tested to clear the 
integral sum if they are opposite in sign. This improves 
the system stability by preventing the integral term 
from applying a correction opposite to the desired out- 
put. 


If the integral sum is greater than the maximum sum 
allowed, the integral sum is clamped. This prevents the 
integral sum from becoming too large if the error is 
large for several samples. Differential error is then cal- 
culated from the current and previous position errors. 


Output for the PlO algorithm is calculated from the 
proportional, integral and differential terms multiplied 
by their individual gain constants. The output is then 
scaled and tested for the preset PWM output limit. If 
the limit is exceeded, the output to the PWM is set to 
the maximum value. The appropriate motor direction is 
set depending on the sign of the output. The final out- 
put to the PWM control is ready and the software re- 
turns. 


3.5 Velocity 
Profile 


Positioning of a servo motor using only a position PlO 
algorithm wastes power and gives poor system perform- 
ance when moving between two positions. A velocity 
profile provides a smooth transition between two angu- 
lar positions and improves the energy consumption of 
the motor. Three different velocity profiles which can 
be applied are trapezoidal, triangular and parabolic. 


The parabolic profile is the most power efficient and 
provides smooth acceleration and deceleration at the 
end points. However, a large amount of processor time 
is needed to calculate the profile in real time. The trian- 
gular profile provides ease of calculation versus the par- 
abolic but generates a rough transition at the peak of 
the profile. A trapezoidal profile provides energy effi- 
ciency, ease of calculation and relatively smooth accel- 
eration and deceleration throughout 
the velocity pro- 


file. For these reasons, the trapezoidal profile was se- 
lected. 


A trapezoidal profile consists of an acceleration period, 
run period and deceleration period. The variables AC- 
CEL_TIME, 
RUN_TIME 
and END_TIME 
repre- 
sent the periods. Figure 23 shows the trapezoidaJ pro- 
file. Acceleration and deceleration rates for the motor 
are fixed according 
to the optimum 
values found 
through testing. The master controller sends a position 
command 
containing 
the 
maximum 
velocity 
(MAX_ VELOCITy) 
and the desired end position 
(DES_POSITION). 
The DES.J'OSITION 
is equal 
to the integral of the velocity profile (i.e., the final posi- 
tion can be determined by integrating the velocity over 
the 
period 
of 
the 
profile. 
Therefore, 
the 
ACCEL_TIME, 
RUN_TIME 
and 
END_TIME 
can be calculated 
based on the DES_POSITION, 
ACCELERATION, 
DECELERATION 
and 
M~ 
VELOCITY. 


The destination position should be reached if the veloci- 
ty profile was ideally tracked. 
However, a certain 
amount of position error can be expected as the motor 
travels from one point to another. This error is elimi- 
nated by applying the position PlO at the end of the 
velocity profile. This modified control algorithm has 
both good motor performance and accurate angular po- 
sitioning. 
• 


~-----------------------------END_TIME---------------------------~ 


I----ACCELTIME 
--~-""'-------RUN_TlME----------t 


ACCELERATION 
VELOCITY 
RUN 
DECELERATION 


MAXIMUM 
VELOCITY 


TIME 
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Figure 23. Trapezoldal 
Velocity 
Profile 
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The trapezoidal velocity profile is calculated when a 
position command with a nonzero maximum velocityis 
passed from the master controller. The master passes 
the desired end position'and the maximum velocity of 
the motor. A reasonable acceleration (deceleration) rate 
was found through experimentation to be I position 
count/sampling 
rate 
(500 
fLs). ACCEL_TIME, 


RUN_TIME 
and END_TIME 
can be easily calcu- 


lated given the relative acceleration rate of one, the end 
position and the maximum velocity. 


The acceleration and deceleration time is equal to the 
maximum velocity since the acceleration/deceleration 
rate is one. RUN_TIME 
is the difference between the 
desired position and current position minus the dis- 
tance covered during the acceleration and deceleration 
times. END_TIME 
is the RUN_TIME 
added to two 
times the ACCEL_TIME. 
With the velocity profile 
calculated, the velocity PID algorithm will be applied 
until the END_TIME 
is reached. 


The velocity profile software generates the appropriate 
velocity depending on the current time. Figure 24 


shows the velocity profile generation software. The 
TIME variable is incremented every software timer in- 
terrupt at the sampling rate if it is less then the end 
time (END_TIME) 
of the profile. Three different ve- 
locities are calculated during the profile. DES_ VE- 
LOCITY equals the ACCELERATION multiplied by 
the TIME until the ACCEL_TIME 
is reached. The 
DES_VELOCITY 
equals the maxiumum velocity un- 


til 
the 
RUN_TIME 
is 
exceeded. 
Once 
the 
RUN_TIME 
is exceeded, the velocity is equal to the 
ACCELERATION (same as deceleration rate) multi- 
plied by the TIME-CURR_TIME. 
When the end of 
the profile is reached (which is approximately the de- 
sired end position), the time equals the END_TIME 
and the position PID controls the motor. If the maxi- 
mum velocity passed by the master controller is zero, 
the CURRENT_TIME 
is set to the END_TIME 
and the position PID controls the motor. 


The velocity control algorithm employs the PID algo- 
rithm. The algorithm is similar to the position algo- 
rithm used to control the position. The velocity control 
algorithm is shown in Figure 25. 


~:.----tDES_VELOCITY = ACCELERATION· 
CURR_ TIt.4E 


DES_VELOCITY = ACCELERATION· 
(TIt.4E-CURR_ TIt.4E) 


270701-25 


Figure 24. Velocity 
Profile Generation 
Software 
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VELOCITY ALGORITHIA 


STORE VELOCITY ERRORS 


VEL_ERR = DES_ VELOCITY-VELOCITY 


DIFF_ERR = (VEL_ERR-VEL_ERR3 
+ 3°VEL_ERR1-3°VELERR2) 
SCALER 


OUTPUT = PREY_OUTPUT + «VEL 
ERR-VEL 
ERR1 )OVKp + (VEL 
ERR+ VEL 
ERR1)OVKi + DIFF 
ERROVKd» 


SCALER 
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Figure 25. Velocity 
Control 
Algorithm 


3.7 
Fast Execution of Control 
Algorithms 


The high speed arithmetic operations capability, avail- 
ability of three operand instructions and large register 
space of the 80C196KB provide for fast execution of 
control algorithms. The 80C196KB running at 12Mhz 
can execute a 16 X 16 Multiply in 2.3 fLs and 32/16 
divide in 4.0 us. Three operand instructions operate on 
two variables without modification and store the result 
in the third variable. This eliminates the need for exe- 
'cuting load and store operations as required by accu- 
mulator bound architectures. The large register space 
can store all of the constants and variables for the con- 
trol algorithm without the use of load and store opera- 
tions. In addition, procedures do not need to pass pa- 
rameters or store results since they can permanently 
reside in register space. 


A summary of the execution times for the main soft- 
ware routines is shown in Figure 26. 


Execution 
Time 


Software 
Timer Interrupt 
Routine 
40 fLs 


PlO Control Algorithms: 
Velocity 
PlO (PL/M-96/ 
ASM-96) 
300 fLs/30 
fLs 
Position PlO (PL/M-96/ 
ASM-96) 
240 fLS/40 
fLs 


Velocity 
Profile Generation 
71 fLs 


HSI Interrupt 
Processing 
22 fLs 


HSO Generate 
PWM Routine 
16 fLs 


Receive 
Interrupt 
and Command 
26 fLs 
Processing 


Transmit 
Interrupt 
Routine 
11 fLs 


Figure 26. Execution 
Times for 
Main Software 
Routines 
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The HSI, HSO, Receive and Transmit Interrupt rou- 
tines take a minimal amount of time. A majority of the 
processing time is in executing the Software Timer in- 
terrupt routine and either the Velocity PlO or Position 
PlO control algorithms. 


PlO Control Algorithms take a considerable amount of 
time since they are written in a high leve1language and 
execute a number of thirty-two bit arithmetic opera- 


tions. Thirty-two bit accuracy is not required since the 
maximum position required to accurately track the mo- 
tor is about twenty four bits. To optimize the control 
algorithm for the accuracy required, the routines can be 
written in assembly. A sample Position PlO algorithm 
is shown in Figure 27. The routine executes in about 30 
/ksby optimizing the control algorithm and minimizing 
the number of 32-bit operations. 


VPID: 
store velocity errors 


EXIT: 


ld vel_err3,vel_err2 
ld vel_err2,vel_errl 
ld vel_errl,vel_err 
sub vel_err,des_velocity,velocity 
calculate velocity error 


sub temp,vel_errl,vel_err2 
calculate differential error term 
mul temp,#3 
diff_err=(vel_err-vel_err3+3*vel_errl-3*vel_err2) 
sub temp,vel_err3 
add temp,vel_err 


Output=prev_output + «vel_err-vel_errl)*VKp+(Vel_err+Vel_errl)*Vki 
+ diff_err*Vkd))/ 
;scaler 


OUTPUT: 
mul temp,Vkd 
add temp2,vel_err,vel_errl 
mul temp2,Vki 
add temp,temp2 
sub temp2,vel_err,vel_errl 
mul temp2,Vkp 
add temp,temp2 
div temp,scaler 
add output,prev_output,temp 
ld prev_output,output 
div Out_scaler 
jbc Out+3,7,forward 
neg Out+2 
ldb p2,#07fh 
sjmp scaleout 
ldb p2,#OFFh 


REVERSE: 


FORWARD: 


SCALEOUT: 
cmp Out,#Offh 
jgt exit 
ld Out,#Offh 
ldb pwm,Out 
ret 


calculate differential term 


calculate integral term 


calculate proportional term 


scale output 


Scale 32 bit output to get 16 bit result 
test output for direction 
negate output 
set direction down(p2.0=O) 


set direction up(P2.0=1) 


scale output for maximum pwm value 
if Out > maximum pwm output 
then clamp output to max pwm value 


Figure 27. Position and Velocity 
PlO Assembly 
Routine 
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PID: 
add sum_into pos_err 
sum position errors 
div sum_int.decay 
limit eftect ot old position errors 
sub ditt_err. pos_err 
ditferential error = 
(pos_err - pos_errll/2 
div dift_err. #2 
Out = Kp*pos_err + Ki*interr + Kd*ditterr 
OUTPUT: 
mul Out pos_err. Kp 
Calculate proportional term 
mul temp. Ki interr 
Calculate integral term 
add Out. temp 
add integral term to Output 
addc Out+2. temp+2 
32 bit add to maintain tull 32 bit accuracy 
div Out. scaler 
Scale output 
jbc Out+3.7.torward 
test output for direction 
REVERSE: 
neg Out+2 
negate output 
ldb p2.#07th 
set direction down (P2.7=Ol 
sjmp scaleout 
FORWARD: 
ldb Port2.#Otth 
set direction up(P2.7=ll 
SCALEOUT: cmp Out.#Ofth 
scale output for maximum pwm value 
jgtexit 
it Out> 
maximum pwm output 
ld Out.#Otfh 
then limit output to maximum value 
EXIT: 
ldb pwm. Out 
load pwm with Output value 
ret 


4.0 Distributed Control 


Figure 27. P081tlon and Velocity PlO Assembly Routine (Continued) 


Distributed control of servo motors requires the passing 
of commands and data from a master to a slave. The 
master passes commands to report position. start and 
stop the motor. or position the motor to an exact loca- 
tion using a position PlD or velocity profile. The slave 
needs to report current position and acknowledge in- 
coming commands from the master. This protocol re- 
quires addressing of slaves and the distinction between 
incoming commands and transmission of data. The 
8OCl96KB serial port provides a multiprocessor com- 
munication mode for implementing the protocol. 


The 8OCl96KB provides a ninth bit in Mode 2 and 
Mode 3 that can assist communication between multi- 
ple processors. If the received ninth bit is zero in mode 


2. the serial port interrupt will not occur. Each motor is 
initially programmed for this mode to distinguish re- 
ceiving a command versus a data byte. With the ninth 
bit set, indicating a command byte has been received, 
all the slaves interrupt and process the incoming byte. 
The address of the motor being controlled is embedded 
in the command byte. All processors will process the 
command byte if the motor address matches. 


A motor receiving a poll command from the master 5 
controller will enter mode 3. The polled motor then 
receives the data bytes which are sent with the ninth bit 
cleared. Therefore, only the processor receiving data 
will interrupt for serial reception while the other proc- 
essors await another command byte with the ninth bit 
set. A list of available commands and the format for 
each is shown in Figure 28. 
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Command 
Table 


Command 
Code 
Operation 


Position 
01 
Position motor using either 


, 
position 
PlO or Velocity 
profile. 


Poll 
05 
Polls motor for current 
position. 


Motor Up 
08 
Enters manual mode 
turning motor clockwise. 


MotorOown 
09 
Enters manual mode 
,turning motor counter 
clockwise. 


Stop 
10 
Exits manual mode setting 
the desired position to the 
current position. 


Position 
Command 


Command 
Position 
Maximum 
Velocity 


01 
4 bytes 
2 bytes 


Poll Command 
I Command 
I Position 
I 
I 
05 
I 
4 bytes 
I 


Figure 
28. Master 
Commands 
and Format 


4.1 Receive Interrupt Service Routine 


Communication between the 8OCl96KB and the main 
controller is handled by the serial port routine. Figure 
29 shows the flow for the receive interrupt service rou- 
tine. Upon reception of a byte from the main controller, 
a receive interrupt will occur. The RI bit is tested to 
ensure a byte has been received. If a byte has not been 
received, an error is generated and a return from the 
routine is executed, After a valid reception, the ninth 
bit is tested to determine if the incoming byte is a com- 
mand byte or incoming data sent after reception of a 
POSITION command. 


If the byte is a command byte, the motor address is 
checked by each slave for its own address. The com- 
mand byte is then echoed back to the master controller 
by the appropriate slave, The routine is exited if the 


command byte is not for the motor. Since each motor 
has a unique address, only the motor receiving the com- 
mand will respond. Reception of a POSITION 
com- 


mand will switch the serial port to mode 3, 


Desired position and maximum velocity is sent by the 
master to each slave by a POSITION command, Re- 
ceived data for the position command is stored in a 
buffer. 
After 
all 
data 
has 
been 
received, 


MAX_ VELOCITY and DES_POSITION 
is loaded 
with the values stored in the butTerand the serial port is 
switched back to mode 2. 


Each command is then checked and appropriate action 
taken depending on the received command. Commands 
include POSITION, 
POLL, UP MOTOR, 
MOTOR 
DOWN and STOP. The commands are summarized in 
Figure 28. 


4.2 Manual Positioning 


The receive routine will check for one of three manual 
commands: MOTOR UP, DOWN MOTOR or STOP, 
A manual flag is used by the software determine if the 
motor should be positioned using either a position or 
velocity PlO algorithm or by manual control. The mo- 
tor up and motor down commands set the manual flag 
which will cause the PWM control to be loaded with a 
constant value during the software interrupt routine, 
The direction port bit is set to the appropriate value 
depending on whether the command is up or down. 
The motor will continue to move up or down until a 
STOP command is issued by the master controller or 
the motor's preset limits are reached. 


A stop command will reset the manual flag and set the 
controller in automatic mode which employs the PlO 
algorithm. The destination position gets loaded with 
the current position and a return from the receive inter- 
rupt is executed. The manual position mode is used by 
the master controller to position the motor under key- 
board or switch control. This is instead to precise posi- 
tion control of the motor by sending a position com- 
mand. 


4.3 Motor Positioning 


Either position control or a velocity profile can be used 
to position each motor, The maximum velocity infor- 
mation stored in the POSITION command determines 
the type of method employed, If the maximum velocity 
value is nonzero, the velocity PlO algorithm will be 
applied to position the motor. If the maximum velocity 
is zero, position control using the PlO algorithm will 
be used, This provides for two alternative methods for 
positioning the motor. 
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Once a POSITION command is received. the processor 
enters serial mode 3 to receive the incoming position 
and maximum velocity information. The four bytes of 
position data and two bytes of maximum velocity are 
retrieved from a six byte storage buffer. A receive count 
keeps track of the number of incoming bytes until aJl 
bytes of the six byte frame have been received. If a 
frame or overrun error occurs. the motor will shut off 
and a OFFH will be transmitted 
back to the master 
controJler to indicate an error condition has occurred. 
Otherwise. an 88 is returned to indicate the valid trans- 
mission of position and maximum velocity. The manual 
flag will be turned off and the appropriate PlO algo- 
rithm will be applied on the next software interrupt. 


AP-428 


4.4 
Master Polling of Position 


The master controJler can poll each motor controJler 
for position with a poll command. After reception of 
the poJl command. a transmit buffer is loaded with four 
bytes of position information. Each byte is then trans- 
mitted using the transmit interrupt routine. 


The flowchart for the routine is shown in Figure 30. 
The routine simply tests the TI flag and continues to 
transmit a byte from the buffer until the transmit count 
goes to zero. After the count goes to zero. the transmis- 
sion is complete and processing continues. 


STORAGE(RECV _CNT) = RECEIVE BYTE 


DELPOS 
= STORAGE(O) 


270701-29 


Figure 29. Serial Port Receive 
Interrupt 
Routine 
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270701-30 


PROGRAM SERIAL PORT 
FOR MODE 3 TO 
RECEIVE INCOMING 
POSITION AND TIME DATA 


NO 
RECEIVE COUNT = 7 


Figure 29. Serial Port Receive 
Interrupt 
Routine 
(Continued) 
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RETURN 


RETURN 


270701-31 


Figure 30. Serial Transmit 
Routine 


5.0 DISTRIBUTED CONTROL OF A 
SIX AXIS ROBOT 


A six axis robot demonstration system was built using 
distributed control of its six motors. The robot is a 
RHINO 
XR-ITM 
prototype 
robot 
designed 
by 


SANDHU 
Machine Design Inc. Robot motors were 


replaced with similar models with high resolution en- 
coders. The robot allows movement along six joints: 
base, shoulder, elbow, wrist, hand and fingers. Each 
joint is connected to a motor. The system used an IBM 
PC acting as a master controller. 


The software used to develop the human interface was 
Turbo Prolog and the Turbo Prolog Toolbox. The hu- 
man interface allowed for the programming and move- 
ment of the robot by individually controlling each joint 
motor. The IBM PC controlled each axis of the robot 
by passing commands serially. 


The IBM PC provides a flexible master controller for 
positioning the robot. There are a large number of soft- 
ware languages for developing the control algorithms 
and human interface of the master controller. Turbo 
Prolog was selected for its low cost and ease of imple- 
mentation. The control screen and robot programming 
language were rapidly developed using the Turbo Pro- 
log. The software and hardware implementation easily 
provide for programming 
and controlling 
the robot 


through a variety of repetitive tasks. A robot using this 
control system could easily perform assembly or manu- 
facturing tasks as shown in Figure 31. 


5.1 Hardware Interface 


The hardware interface to the robot is shown in Figure 
32. Each major joint, elbow wrist, base and shoulder 
were controlled 
with a single 8OC196KB using the 


PWM and TIMER2 as an up/down counter. The hand 
and finger motors used the HSI to track position and 
the HSO to generate PWM motor control voltages. 
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Figure 31. Automated 
Assembly 
using Distributed 
Control 
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Switches on the robot were fed into 80Cl96KB I/O 
ports to provide a reference position when each motor 
starts up. Current sensing for each motor was fed back 
to the analog channels to provide an indication of any 
overrun or stress conditions. Limits were set for each 
motor to prevent the robot joints from entering posi- 
tions where obstacles or mechanical limitations were 
reached. 


Each motor was given a unique programming address 
for communication back to the master controller. The 
master controller sent commands with the address of 
whichever joint motor needed to be positioned or 
polled. The master 80Cl96KB communicated through 
a UART to the IBM-PC. 


5.2 
Human Interface 


To control the robot, the human interface provided a 
variety of programming options. 


The software features included: 


Manual control via the keyboard 
Editing robot command files 
A Motor Control Command language 
Table Display of motor position and status 
Manual Programming mode 
Table Positioning mode 


The software front end developed only the basic fea- 
tures of robotic control to demonstrate the distributed 
control of servo motors. 


5.3 Control Screen for the Robot 


The screen for the control of the robot is shown in 
Figure 33. The screen displays a table of the position 
and status of each motor, shows the function keys used 
to execute commands or enter different modes and dis- 
plays the keyboard keys for moving each robot joint up 
or down. The software has various modes for position- 
ing and programming the robot. 


5.4 
Programmed 
Modes 


The software provides for movement of the robot 
through table entry, execution of include command 
filesor manually using the keyboard. The robot is posi- 
tioned manually by entering the function key for manu- 
al mode and then pressing the predefined key for each 
joint motor to move up or down. As each key is re- 
leased, a STOP command is issued to each motor. The 
motors are then polled and the current position updat- 
ed in the table. 


The table function allows for direct entry of the desired 
position and maximum velocity to position the motor 
when the table function key (Fl) is pressed. After the 


Functions 
F1 - Table 
F2 - Send 
F3 - Manual 
F4 - Program 


F5- 
Edit 
F6 - 
Include 
F7- 
Home 
F8 - DOS 
F9- 
F10 - 
Exit 


Motor 
Position 
Maxval 
Status 


Base 
12345 
0 
STOPPED 


Shoulder 
13457 
0 
STOPPED 


Elbow 
00282 
0 
STOPPED 


Wrist 
00383 
0 
STOPPED 


Hand 
11228 
0 
STOPPED 


Fingers 
18484 
0 
STOPPED 


Manual Keys 


Claw 
Close 
Open 


Base 


Left 
Right 
1 
2 


Shoulder 
Up 
Down 


3 
4 


Elbow 
Wrist 
Up 
Down 
Up 
Down 
5 
6 
7 
8 


Hand 
Left 
Right 
9 
0 


Figure 33. Robot Control 
Screen 
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6.0 CONCLUSION 
key is pressed, individual positioning commands are 
sent to each motor. With maximum velocity set to zero, 
the motor is positioned using a position PlO. A non- 
zero maximum velocity would position the motor using 
a velocity profile. The final method of positioning al- 
lowed for the sending of commands (MOTOR 
UP, 
MOTOR 
DOWN, 
STOP, POSITION 
or POLL) to 


each joint in the robot from an include file. 


The include mode function key (F6) executes com- 
mands stored in a file. The command file can be entered 
using an external editor or using the on board editor, 
Turbo Prolog. A sample command file is shown in Fig- 
ure 34. The command file allows for programming of 
the robot through a sequence of programmed tasks. 
The task of programming the robot is eased by a manu- 
al program mode. 


The manual program mode generates a command file 
while manually positioning the robot. After pressing 
the program key (F4), the program mode is entered and 
the robot is moved by pressing the appropriate motion 
key for each joint motor. When the robot stops, the 
position of the robot is polled and translated into a 
position command and stored in a file. As the pro- 
grammed task is executed, each position of the robot 
and the time delay between joint movements is record- 
ed. When the task is complete, the file contains all the 
stored position commands necessary to execute the pro- 
grammed task. The file can be edited with by entering 
the edit mode (FS) to fine tune the programmed task or 
execute the command file directly. The manual pro- 
gram, command file execution and editing modes allow 
for a variety of robotic tasks to be developed and tested 
easily. 


Use of an 8OC196KB in distributed control of servo 
motors has been demonstrated with the effective utili- 
zation of the onboard peripherals and high speed math 


, 
capability of the 8OC196KB.The high performance and 
integration of the 8OC196KB minimized the hardware 
interface. The task of controlling the motor resided in 
the 8OC196KB with the control algorithm residing in 
the master. With this approach, the centralized control- 
ler can be adapted to the performance requirements of 
the system. 


Although not implemented, a learn mode could be add- 
ed to the robot to provide programming using AI tech- 
niques. The IBM PC and Turbo Prolog software pro- 
vided the demonstration vehicle for testing the control 
of the robot using distributed control. Use of artificial 
intelligence programming to position the robot could be 
incorporated with the Turbo Prolog package. The ap- 
plication of a vision system or a more complex control 
algorithm could be realized without modification to the 
hardware controlling the robot. A more cost effective 
solution is obtained by replacing the IBM-PC with one 
8OC196KB or 8OCl86 acting as a master controller. 


Repetitive tasks programmed using the robot command 
language could be stored 
in tables in the master 


8OC196KB. The controller would send the stored com- 
mands to each motor and communicate, through a seri- 
al UART, to the rest of the manufacturing system. The 
master 8OC196KB controller would then report status 
or receive commands. The choice of controller depends 
on the needs of the system. Distributed control of servo 
motors using the 8OC196KB provides for maximum 
flexibility in the selection of the control algorithm with- 
out modification to the hardware control modules. 


pos(3,4000,lO) 
time (10) 
pos(l,lOOO,2) 
time (20) 
pos(O,14000,5) 


move elbow to position 4000 with maximum velooity 
ot 10 
delay 10 seoonds 
move shoulder to pOSition 
1000 with maximum velooity 
ot 2 
delay 20 seoonds 
move base to pOSition 
14000 with maximum velooity 
ot ~ 


Flgur. 34. Sampl. Robot Command FII. 
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1.0 
INTRODUCTION 


AP-466 


The MCS®-96 family members are all high perform- 
ance microcontrollers with a 16-bit CPU and at least 
230 bytes of on chip RAM. The Inte! MCS-96 family of 
16-bit embedded controllers easily handles high speed 
calculations and fast input/output 
(I/O) 
operations. 


Typical applications using the MCS-96 products in- 
clude closed-loop control and mid-range digital signal 
processing. Modems, motor control system, printers, 
engine control system, photocopiers, anti-lock brakes, 
air conditioner control systems, disk drives and medical 
instrumentation all use MCS-96 products. 


The 8OC196KB is a CHMOS member of the MCS-96 
family. All of the MCS-96 components share a common 
instruction set and architecture. However, the CHMOS 
components have enhancements to provide higher per- 


fonnance with lower power consumption. To further 
decrease power usage, idle and power-down modes are 
available on these devices. The 80C196KB contains a 
dedicated I/O subsystem and can perform 16-bit arith- 
metic instructions including multiply and divide opera- 
tions. 


This application note briefly describes the 80C196KB, 
and provides software examples using its key features. 
For further information on the 8OC196KB and its use 
consult the sources listed in the bibliography. Figure 
1-1 shows a block diagram ofthe 8OC196KB. Included 
in this application note are descriptions of the CPU and 
architecture, the interrupt structure and the peripher- 
als. These peripherals include a Pulse Width Modula- 
tion output, an AID Converter, a Serial Port and High 
Speed I/O Unit with two 16-bit timer/counters. 


VREF 
ANGNO 


;~u------------------· 
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I 
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272116-1 


Figure 1-1. 80C196KB 
Block Diagram 
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2.0 
THE CPU 


The major components of the 8OCl96KB CPU are the 
Register File and the Register/Arithmetic 
Logic Unit 
(RALU). The Register File contains 256 internal regis- 
ter locations (OOHthrough OFFH), all of which remain 
alive 
during 
power-down 
mode. 
Locations 
OOH 
through 17H are the I/O control registers or Special 
Function Registers (SFRs). Locations 18H and 19H 
contain the stack pointer, which can serve as general 
purpose RAM when not performing stack operations. 
The remaining 
230 bytes serve as general purpose 
RAM, accessible as bytes, words or double-words. 


Calculations performed by the 8OCl96KB take place in 
the RALU. The RALU shown in Figure 2-1 contains a 
17-bit ALU, the Program Status Word (pSW), the Pro- 
gram Counter (PC), a loop counter, and three tempo- 


rary registers. The RALU operates directly on the Reg- 
ister File, thus eliminating accumulator bottleneck and 
providing for direct control of I/O operations through 
the SFRs. 


The SFRs control all the 8OC196KB peripheral devices 
except Ports 3 and 4. Figure 2-2 shows the layout of 
these registers. 
Three 
SFR 
windows exist on the 


80C196KB. The value in the Window Select Register 
(WSR) determines the SFR window; WSR = 0 selects 
Window 0 and WSR = IS selects Window IS. Window 
o consists of 24 SFRs. Some of these registers serve one 
function when read and another function when written. 
'The read-only registers in Window 0 become write-only 
registers in Window IS; and the write-only registers in 
Window 0 become read-only registers in Window IS. 
Figure 2·3 contains descriptions of the SFRs. 


CPU 
..... 
N 
Register 
Fit. 


R~IIt.r 
RAil 


I 
I 
I 
StatuI SIgnals 
I 
_._-------_. 


CPU BUSES 


lI4emory Controller 


16 


272116-2 


FIgure 2-1. Block DIagram 
of the RegIster 
File, RALU, Interrupt 
Controller 
and Memory 
Controller 
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- 


19H 
19H 
19H 
19H 


STACK 
POINTER 
STACK 
POINTER 
STACK 
POINTER 
STACK 
POINTER 


18H 
18H 
18H 
18H 


17H 
'IOS2 
17H 
PWM 
CONTROL 
17H 
PWM_CONTROL 
17H 
'IOS2 


16H 
10Sl 
16H 
10Cl 
16H 
10Cl 
16H 
10Sl 


ISH 
10SO 
ISH 
lOCO 
ISH 
lOCO 
- 
ISH 
10SO 


14H 
'WSR 
14H 
'WSR 
14H 
'WSR 
14H 
'WSR 


13H 
'INT_MASKl 
13H 
'INT 
MASKl 
13H 
'INT_MASKl 
13H 
'INT 
MASKl 


12H 
'INT_PENDl 
12H 
'INT_PENDl 
12H 
'INT 
PENDl 
12H 
'INT 
PENDl 


llH 
'SP_STAT 
llH 
'SP 
CON 
llH 
'SP_CON 
llH 
'SP 
STAT 


10H 
PORT2 
10H 
PORT2 
10H 
RESERVED" 
10H 
RESERVED" 


OFH 
PORTl 
OFH 
PORTl 
OFH 
RESERVED" 
OFH 
RESERVED" 


OEH 
PORTa 
OEH 
BAUD 
RATE 
OEH 
RESERVED" 
OEH 
RESERVED" 


ODH 
TIMER2(HI) 
ODH 
TIMER2(HI) 
ODH 
T2CAPTURE(HI) 
ODH 
T2CAPTURE(HI) 


OCH 
TIMER2(LO) 
OCH 
TIMER2(LO) 
OCH 
T2CAPTURE(LO) 
OCH 
T2CAPTURE(LO) 


OBH 
TIMER1(HI) 
OBH 
'IOC2 
OBH 
'IOC2 
OBH 
TIMER1(HI) 


OAH 
TIMER1(LO) 
OAH 
WATCHDOG 
OAH 
WATCHDOG 
OAH 
TIMER1(LO) 


09H 
INT_PEND 
09H 
INT_PEND 
09H 
INT_PEND 
09H 
INT 
PEND 


08H 
INT_MASK 
08H 
INT_MASK 
08H 
INT_MASK 
08H 
INT 
MASK 


07H 
SBUF(RX) 
07H 
SBUF(TX) 
07H 
SBUF(TX) 
07H 
SBUF(RX) 


06H 
HSLSTATUS 
06H 
HSO 
COMMAND 
06H 
HSO 
COMMAND 
06H 
HSI 
STATUS 


OSH 
HSI_TIME(HI) 
OSH 
HSO_TIME(HI) 
OSH 
HSO_TIME(HI) 
OSH 
HSI 
TIME(HI) 


04H 
HSI_ 
TIME(LO) 
04H 
HSO_ 
TIME(LO) 
04H 
HSO_ 
TIME(LO) 
04H 
HSI 
TIME(LO) 


03H 
AD 
RESULT(HI) 
03H 
HSI 
MODE 
03H 
HSI 
MODE 
03H 
AD 
RESULT(HI) 


02H 
AD_RESUL 
T(LO) 
02H 
AD_COMMAND 
02H 
AD 
COMMAND 
02H 
AD 
RESULT(LO) 


01H 
ZERO_REG(HI) 
01H 
ZERO_REG(HI) 
01H 
ZERO_REG(HI) 
01H 
ZERO_REG(HI) 


OOH 
ZERO 
REG(LO) 
OOH 
ZERO 
REG(LO) 
OOH 
ZERO 
REG(LO) 
OOH 
ZERO 
REG(LO) 


WHEN READ 
WHEN WRITTEN 
WHEN READ 
WHEN WRITTEN 
WSR = 0 
WSR = 15 


NOTES: 
, 


'New 
or changed 
register 
function 
from 8096BH 


•• Reserved 
registers 
should 
not be written 
or read 


Figure 2-2. Special Function Registers 
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Reglater 
Description 


ZERO_REG 
Zero Register - Always reads as a zero, useful for a base when indexing and as a constant for 
calculations and compares. 


AD_RESULT 
AID Result Hi/Low - Low and high order results of the AID converter 


AD_COMMAND 
AID Command Register - Controls the AID 


HSI_MODE 
HSI Mode Register - Sets the mode of the High Speed Input unit. 


HSI_TIME 
HSI Time Hi/Lo - Contains the time at which the High Speed Input unit was triggered. 


HSO_TIME 
HSO Time Hi/Lo - Sets the time or count for the High Speed Output to execute the command 
in the Command Register. 


HSO_COMMAND 
HSO Command Register - Determines what will happen at the time loaded into the HSO Time 
registers. 


HSI_STATUS 
HSI Status Registers - Indicates which HSI pins were detected at the time in the HSI Time 
registers and the current state of the pins. In Window 15 - Writes to pin detected bits, but not 
current state bits. 


SBUF(TX) 
Transmit buffer for the serial port, holds contents to be outputted. Last written value Is 
readable in Window 15. 


SBUF(RX) 
Receive buffer for the serial port, holds the byte just received by the serial port. Writable In 
Window 15. 


INT_MASK 
Interrupt Mask Register - Enables or disables the individual interrupts. 


INT_PEND 
Interrupt Pending Register - Indicates that an interrupt signal has occurred on one of the 
sources and has not been serviced. (also INT_PENDING) 


WATCHDOG 
Watchdog Timer Register - Written periodically to hold off automatic reset every 64K state 
times. Returns upper byte of WDT counter in Window 15. 


TIMER1 
Timer 1 Hi/Lo - Timer1 high and low bytes. 


TIMER2 
Timer 2 Hi/Lo - Timer2 high and low bytes. 


10PORTO 
Port 0 Register - Levels on pins of Port O.Reserved in Window 15. 


BAUD_RATE 
Register which determines the baud rate, this register is loaded sequentiaiiy. Reserved in 
Window 15. 


IOPORT1 
Port 1 Register - Used to read or write to Port 1. Reserved in Window 15 


IOPORT2 
Port 2 Register - Used to read or write to Port 2. Reserved in Window 15 


SP_STAT 
Serial Port Status - Indicates the status of the serial port. 


SP_CON 
Serial Port Control - Used to set the mode of the serial port. 


10SO 
1/0 Status Register 0 - Contains information on the HSO status. Writes to HSO pins in 
Window 15. 


IOS1 
1/0 Status Register 1 - Contains information on the status of the timers and of the HSI. 


lOCO 
1/0 Control Register 0 - Controls alternate functions of HSI pins, Timer 2 reset sources and 
Timer 2 clock sources. 


IOC1 
1/0 Control Register 1 - Controls alternate functions of Port 2 pins, timer Interrupts and HSI 
interrupts. 


PWM_CONTROL 
Pulse Width Modulation Control Register - Sets the duration of the PWM pulse. 


INT_PEND1 
Interrupt Pending register for the 8 new Interrupt vectors (also INT_PENDING1) 


INT_MASK1 
Interrupt Mask register for the 8 new interrupt vectors 


IOC2 
1/0 Control Register 2 - Controls new 8OC196KB features 


IOS2 
1/0 Status Register 2 - Contains information on HSO events 


WSR 
Window Select Register - Selects register window 


Figure 2-3. Special 
Function 
Register 
Descriptions 
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3.0 
THE ARCHITECTURE 
A three operand instruction has the form: 


The 80C196KB supports 106instructions. This instruc- 
tion set includes bit operations, byte operations, word 
operations, double-word operations (unsigned 32-bit) 
long operations (signed 32-bit), flag manipulations as 
well as jump and call instructions. All the standard log- 
ical and arithmetic instructions function as both byte 
and word operations. The Jump Bit Set and Jump Bit 
Clear instructions can operate on any of the SFRs or 
bytes in the register file. These fast bit manipulations 
allow for rapid I/O functions. 


Byte 
and 
word 
operations 
make-up 
most 
of the 
8OCl96KB instruction set. The assembly language for 
the 80Cl96KB (ASM-96) uses a "B" suffix on a mne- 
monic for a byte operation, otherwise the mnemonic 
refers to a word operation. One, two or three operand 
forms exist for many of the instructions. 


A one operand instruction has the form: 


NOTValuel 
;Valuel = l' s complement (Valuel) 


A two operand instruction has the form: 


ADDValue2, 
Valuel 
;Value2 = Value2 + Valuel 


MULValue3, 
Value2, 
Valuel 
;Value3 = Value2 * Value!. 


Long and double-word operations include shifts, nor- 
malize, multiply and divide. The divide instruction 
functions as a 32-bit by 16-bit divide that generates a 
l6-bit quotient and 16-bit remainder. The word multi- 
ply operates as a l6-bit by 16-bit multiply with a 32-bit 
result. Both operations can function in either the signed 
or unsigned mode. The direct unsigned modes of these 
instructions take only 3.0 JLs (at 16 MHz) for divide 
and 1.75 JLs (at 16 MHz) for multiply. The normalize 
instruction and sticky bit flag provide hardware sup- 
port for the software floating point package (FP AL- 
96). 


3.1 Addressing 
Modes 


The 80C196KB instruction set supports the following 
addressing 
modes: 
register-direct, 
indirect, 
indirect 
with 
auto-increment, 
immediate, 
short-indexed 
and 
long-indexed. These modes increase the flexibility and 
overall execution speed of the 8OC196KB. Each in- 
struction uses at least one of the addressing modes. 
These modes and formats are shown in Figure 3-1. 


Mnem 
Oest or Src1 
Mnem 
Oest, Src1 
Mnem 
Oest, Src1, Src2 


Mnem 
#Src1 
Mnem 
Oest, #Src1 
Mnem 
Oest, Src1, # Src2 


Mnem 
[addr] 
Mnem 
[addr] + 
Mnem 
Oest, [addr] 
Mnem 
Oest, [addr] + 
Mnem 
Oest, Src1, Iaddrl 
Mnem 
Oest, Src1, [addr] + 


Mnem 
Oest,offs[addr] 
Mnem 
Oest, Src1, offs[addr] 


;One Operand 
Oirect 
;Two Operand 
Oirect 
;Three Operand 
Oirect 


;One Operand 
Immediate 


;Two Operand 
Immediate 
;Three Operand 
Immediate 


;One Operand 
Indirect 
;One Operand 
Indirect Auto-Increment 
;Two Operand 
Indirect 
;Two Operand 
Indirect Auto-Increment 
;Three Operand 
Indirect 
;Three Operand 
Indirect Auto-Increment 


;Two Operand 
Indexed (Short or Long) 
;Three Operand 
Indexed (Short or Long) 


Where: 
Mnem = Instruction 
Mnemonic 
Oest = Oestination 
Register 
Src1, Src2 = Source Registers 
addr = Word register used in computing 
the address of an operand 
offs = Offset used in computing 
the address 
of an operand 


Figure 3-1. Instruction 
Format 
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The register-direct and immediate addressing modes 
execute faster than the other addressing modes. The 
register-direct addressing mode provides access to the 
addresses in the register file and the SFRs. The indexed 
modes provide for direct access to the remainder of the 
64K address space. Immediate addressing uses the data 
following the opcode as the operand. 


Both of the indirect addressing modes use the value in a 
word register as the address of the operand. The indi- 
rect auto-increment mode increments a word address 
by one after a byte operation and two after a word 
operation. This addressing mode provides easy access 
into look-up tables. 


The long-indexed addressing mode provides direct ac- 
cess to any of the locations in the 64K address space. 


This mode forms the address of the operand by adding 
a 16-bit 2's complement value to the contents of a word 
register. Indexing with the zero register allows "direct" 
addressing to any location. The short-indexed address- 
ing mode forms the address of the operand by adding 
an 8-bit 2's complement value to the contents of a word 
register. 


The multiple addressing modes of the 80C196KB make 
it easy to program in assembly language and provide an 
excellent interface to high level languages. The instruc- 
tions accepted by the assembler consist of mnemonics 
followed by either addresses or data. Table 3-1 lists the 
mnemonics and their functions. The MCS-96 Macro 
Assembler Users Guide, listed in the bibliography, con- 
tains additional information on 8OC196KB assembly 
language. 
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Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 
Z 
N 
C 
V 
VT 
ST 


ADD/ADDB 
2 
D+-D+A 
", 
", 
", 
", 
t 
- 


ADD/ADDB 
3 
D+-B+A 
", 
", 
", 
", 
t 
- 


ADDC/ADDCB 
2 
D+-D+A+C 
-1- 
", 
", 
", 
r 
- 


SUB/SUBB 
2 
D+-D-A 
", 
", 
", 
", 
r 
- 


SUB/SUBB 
3 
D+-B-A 
", 
", 
", 
", 
r 
- 


SUBC/SUBCB 
2 
D+-D-A+C-1 
-1- 
", 
", 
", 
t 
- 


CMP/CMPB 
2 
D-A 
", 
", 
", 
", 
r 
- 


MULlMULU 
2 
D,D + 2 +- 
D x A 
- 
- 
- 
- 
- 
- 
2 


MULlMULU 
3 
D,D + 2 +- 
B x A 
- 
- 
- 
- 
- 
- 
2 


MULB/MULUB 
2 
D,D + 1 +- 
D x A 
- 
- 
- 
- 
- 
- 
3 


MULB/MULUB 
3 
D,D + 1 +- 
B x A 
- 
- 
- 
- 
- 
- 
3 


DIVU 
2 
D +- (D,D+ 2) /A,D + 2 +- 
remainder - 
- 
- 
", 
t 
- 
2 


DIVUB 
2 
D +- (D,D+ 1)/A,D + 1 +- 
remainder - 
- 
- 
", 
t 
- 
3 


DIV 
2 
D +- (D,D+ 2) / A,D + 2 +- 
remainder - 
- 
- 
", 
r 
- 


DIVB 
2 
D +-(D,D+ 
1)/A,D+ 
1 +- 
remainder - 
- 
- 
", 
t 
- 


AND/ANDB 
2 
D +- 
DANDA 
( 
", 
", 
0 
0 
- 
- 


AND/ANDB 
3 
D +- 
BANDA 
", 
", 
0 
0 
- 
- 


OR/ORB 
2 
D +- 
DOR A 
", 
", 
0 
0 
- 
- 


XOR/XORB 
2 
D +- 
D (ecxl. or)A 
", 
", 
0 
0 
- 
- 


LD/LDB 
2 
D+-A 
- 
- 
- 
- 
- 
- 


ST/STB 
2 
A+-D 
- 
- 
- 
- 
- 
- 


LDBSE 
2 
D +- 
A; D + 1 +- 
SIGN(A) 
- 
- 
- 
- 
- 
- 
3,4 


LDBZE 
2 
D +- 
A; D + 1 +-0 
- 
- 
- 
- - 
- 
3,4 


PUSH 
1 
SP +- 
SP - 2; (SP) +- 
A 
- 
- 
- 
- 
- 
- 


POP 
1 
A +- 
(SP);SP + 2 
- 
- 
- 
- 
- 
- 


PUSHF 
0 
SP +- 
SP - 2; (SP) +- 
PSW; 
0 
0 
0 
0 
0 
0 
PSW +- 
OOOOH; 
I+-O 


POPF 
0 
PSW +- 
(SP);SP +- 
SP + 2; I+-", 
", 
", 
", 
", 
", 
", 


SJMP 
1 
PC +- 
PC + 11-bitoffset 
- 
- 
- 
- 
- 
- 
5 


LJMP 
1 
PC +- 
PC + 16-bitoffset 
- 
- 
- 
- 
- 
- 
5 


BR[indirect] 
1 
PC+- 
(A) 
- 
- - 
- 
- 
- 


SCALL 
1 
SP +- 
SP - 2; 
- 
- 
- 
- 
- 
- 
5 
(SP) +- 
PC;PC +- 
PC + 11-bitoffset 


LCALL 
1 
SP +- 
SP - 2; (SP) +- 
PC; 
- 
- 
- 
- 
- 
- 
5 
PC - 
PC + 16-bitoffset 


Table 3-1. Instruction 
Summary 
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Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 
Z 
N 
C 
V 
VT 
ST 


RET 
0 
PC +- 
(SP); SP +- 
SP + 2 
- 
- 
- 
- 
- 
- 


J (conditional) 
1 
PC +- 
PC + a-bit offset (if taken) 
- 
- 
- 
- 
- 
- 
5 


JC 
1 
Jump if C = 1 
- 
- 
- 
- 
- 
- 
5 


JNC 
1 
Jump ifC = 0 
- 
- 
- 
- 
- 
- 
5 


JE 
1 
Jump if Z = 1 
- 
- 
- 
- 
- 
- 
5 


JNE 
1 
Jump ifZ = 0 
- 
- 
- 
- 
- 
- 
5 


JGE 
1 
Jump if N = 0 
- 
- 
- 
- 
- 
- 
5 


JLT 
1 
Jump if N = 1 
- 
- 
- 
- 
- 
- 
5 


JGT 
1 
Jump if N = 0 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JLE 
1 
Jump if N = 1 or Z = 1 
- 
- 
- 
- 
- 
- 
5 


JH 
1 
Jump if C = 1 and Z = 0 
- 
- 
- 
- 
- 
- 
5 


JNH 
1 
Jump if C = 0 or Z = 1 
- 
- 
- 
- 
- 
- 
5 


JV 
1 
Jump if V = 1 
- 
- 
- 
- 
- 
- 
5 


JNV 
1 
Jump if V = 0 
- 
- 
- 
- 
- 
- 
5 


JVT 
1 
Jump if VT = 1; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JNVT 
1 
Jump if VT = 0; Clear VT 
- 
- 
- 
- 
0 
- 
5 


JST 
1 
Jump ifST = 1 
- 
- 
- 
- 
- 
- 
5 


JNST 
1 
JumpifST 
= 0 
- 
- 
- 
- 
- 
- 
5 


JBS 
3 
Jump If Specified 
Bit = 1 
- 
- 
- 
- 
- 
- 
5,6 


JBC 
3 
Jump if Specified 
Bit = 0 
- - 
- 
- 
- 
- 
5,6 


DJNZI 
1 
D +- 
D - 
1; 
- 
- 
- 
- 
- 
- 
5 
DJNZW 
If D*-O 
then PC +- 
PC + a-bit offset 
10 


DEC/DECB 
1 
D+-D-1 
~ ~ ~ ~ r 
- 


NEG/NEGB 
1 
D+-O-D 
~ ~ ~ ~ r 
- 


INCIINCB 
1 
D+-D+1 
~ ~ ~ ~ r 
- 


EXT 
1 
D +- 
D; D + 2 +- 
Sign (D) 
~ ~ 
0 
0 
- 
- 
2 


EXTB 
1 
D +- 
D; D + 
1 +- 
Sign (D) 
~ ~ 
0 
0 
- 
- 
3 


NOTINOTB 
1 
D +- 
Logical Not (D) 
~ ~ 
0 
0 
- 
- 


CLR/CLRB 
1 
D+-O 
1 
0 
0 
0 
- 
- 


SHL/SHLB/SHLL 
2 
C +- 
msb - - - - - Isb +- 
0 
~ ~ ~ ~ r 
- 
7 


SHRISHRB/SHRL 
2 
o -+ msb - - - - - Isb -+ C 
~ ~ ~ 
0 
- 
~ 
7 


SHRAlSHRAB/SHRAL 
2 
msb -+ msb - - - - - Isb -+ C 
~ ~ ~ 
0 
- 
~ 
7 


SETC 
0 
C+-1 
- 
- 
1 
- 
- 
- 


CLRC 
0 
C+-O 
- 
- 
0 
- 
- 
- 


Table 3-1. Instruction 
Summary 
(Continued) 
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Table 
3-1. Instruction 
Summary 
(Continued) 


Mnemonic 
Operands 
Operation 
(Note 
1) 
Flags 
Notes 
Z 
N 
C 
V 
VT 
ST 


CLRVT 
0 
VT +- 0 
- 
- 
- 
- 
0 
- 


RST 
0 
PC +- 2080H 
0 
0 
0 
0 
0 
0 
8 


01 
0 
Disable All Interrupts 
(I +- 0) 
- 
- 
- 
- 
- 
- 


El 
0 
Enable All Interrupts 
(I +- 1) 
- 
- 
- 
- 
- 
- 


NOP 
0 
PC +- PC + 1 
- 
- 
- 
- 
- 
- 


SKIP 
0 
PC +- PC + 2 
- 
- 
- 
- 
- 
- 


NORML 
2 
Left shift till msb = 
1; 0 +- shift count 
'" 
'" 
0 
- 
- 
- 
7 


TRAP 
0 
SP +- SP - 
2; 
- 
- 
- 
- 
- 
- 
9 
(SP) +- PC; PC +- (2010H) 


PUSHA 
1 
SP +- SP-2; (SP) +- PSW; 
0 
0 
0 
0 
0 
0 
PSW +- OOOOH;SP +- SP-2; 
(SP) +- IMASK1/WSR; 
IMASK1 +- OOH 


POPA 
1 
IMASK1/WSR 
+- (SP); SP +- SP + 2 
'" 
'" 
'" 
'" 
'" 
'" 
PSW +- (SP); SP +- SP + 2 


IDLPD 
1 
IDLE MODE IF KEY = 1; 
- 
- - 
- 
- 
- 


POWERDOWN 
MODE IF KEY = 2; 
CHIP RESET OTHERWISE 
. 


CMPL 
2 
D-A 
'" 
'" 
'" 
'" 
r 
- 


BMOV 
2 
[PTR_HI] 
+ +- [PTR_LOW) 
+ ; 
- 
- 
- 
- 
- 
- 


UNTILCOUNT=O 


NOTES: 
1. If the mnemonic ends in "B" a byte operation is performed. otherwise a word operation is done. Operands D. B and A 
must conform to the alignment rules for the required operand type. D and B are locations in the Register File; A can be 
located anywhere in memory. 
2. D.D + 2 are consecutive·WORDS in memory; D is DOUBLE-WORD aligned. 
3. D.D + 1 are consecutive BYTES in memory; D is WORD aligned. 
4. Changes a byte to word. 
5. Offset is a 2's complement number. 
6. Specified bit is one of the 2048 bits in the register file. 
7. The "L" (Long) suffix indicates double-word operation. 
8. Initiates a Reset by pulling RESET low. Software should re-initialize all the necessary registers with code starting at 
2080H. 
9. The assembler will not accept this mnemonic. 
10. The DJNZW instruction is not guaranteed to work. See Functional Deviations section. 


Flag Settings. 
The modification 
to the flag setting is 
shown 
for each instruction. 
A checkmark 
("') 
means 
that the flag is set or cleared as appropriate. 
A hyphen 
(-) means that the flag is not modified. 
A one or zero 
(1) or (0) indicates 
that 
the flag will be in that state 


after the instruction. 
An up arrow (i) indicates 
that 
the instruction 
may set the flag if it is appropriate 
but 
will not clear the flag. A down arrow 
(J,) 
indicates 
that the flag can be cleared but not set by the instruc- 
tion. 
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3.2 
Program Status Word 
PSW contains status flags and the low byte contains an 
interrupt mask register. The PSW high byte is shown in 
Figure 3-2. Table 3-2 contains descriptions of the status 
flags. 


The Program Status Word (pSW) is a collection of 
Boolean flags which contain information concerning 
the state of the user's program. The high byte of the 


Table 3-2. Status Flag Descriptions 


Flag 
Name 
Function 


ST 
Sticky Bit 
Indicates 
whether 
any 1's were lost due to a right shift operation; 
primarily 
used 
for floating-point 
routines. 


I 
Interrupt 
Enable 
Master control 
for 80C196KB 
interrupts 


C 
Carry Flag 
Set if there is a carry (or no borrow), and otherwise 
cleared, 
as a result of an 
ADD or SUB instruction. 


VT 
Overflow 
Trap Flag 
Set whenever 
overflow 
flag is set; cleared only by a CLRVT, JVT or JNVT 
instruction. 


V 
Overflow 
Flag 
Set if result is out of range for signed arithmetic 
operation. 


N 
Negative 
Flag 
Holds the algebraically 
correct 
sign as the result of an operation. 


Z 
Zero Flag 
Set if the result of an operation 
is zero. 


PSW: ~-+--4-~~~--+-~--~~ 


Figure 3-2. The Program 
Status Word Register 
(High Byte) 
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4.0 
INTERRUPTS 
in Table 4-1. The four registers that control the inter- 
rupt 
system 
are: 
INT_PEND, 
INT_PENDl, 
INT_MASK, 
INT_MASK1. 
The Program 
Status 
Word (PSW) contains a global disable bit, I, which is 
set 
or 
cleared 
using 
the 
El 
or 
DI 
instructions. 
Figure 4-2 shows a block diagram of the interrupt 
structure. 


There are 28 different interrupt sources available on the 
8OC196KB.The 28 sources vector through 18 locations 
or interrupt vectors. The vector names and their sourc- 
es are shown in Figure 4-1, and their locations are listed 


SOURCES 
VECTORS 


NON - MASKABLE INTERRUPT -----------------------------------NMI 


TIMER 2 CAPTURE -------------------- 
TIMER 2 CAPTURE 


-4TH FIFO ENTRY -------------------- 
HSI FIF04 


UNIMPLEMENTED OPCODE 
-------------------UNIt.lPLEMENTED 
OPCODE 


TRAP INSTRUCTION ------------------- 
SOFTWARE TRAP 


EXTlNT (P2.2) 
----------------~------------- 
EXTINT1 
~IOC1.1 
(" 
0) 
PORT0.7 -----------.1 - 
EXTINT 


TI FLAG---------"<lI\~--------TI FLAG (NEW) 
/'l-~-------- 
SERIAL PORT 
RI FLAG 
c::;;..; 
RI FLAG (NEW) 


SWTO - 3 ------------_----- 
••••• SOFTWARE TIMER 
RESET TIMER 2 -----..,...------ 
START AID 
---------------- 


HSI.O PIN -------------------- 
HSI.O PIN 


HSO PINS 0 - 5 
------------------- 
HIGH SPEED OUTPUT 


HSI FlFO IS FULL 
-----------_-------- 
HSI FlFO FULL (NEW) 
~IOC1.7 
(" 
1) 
---------_1 ...--------- HSI DATA AVAILABLE 
HSI HOLDING REGISTER LOADED 


AID 
CONVERSION COt.lPLETE 
-------------------------- 
AID 
CONVERSION COt.lPLETE 


---------...,---------- 
Tlt.lER 2 OVERFLOW(NEW) 
L.:.-j' IOC1.3 
(" 
1) 
----------'a-9•... 
,.j ----....1--------- 
TIMER OVERFLOW 


IOC1.2 (= 1) 


TIMER 2 OVERFLOW 


TIMER 1 OVERFLOW 
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Figure 4-1. 80C196KB Interrupt Sources 
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Table 
4-1. 80C196KB 
Interrupt 
Vector 
Locations 


Number 
Vector 
Name 
Vector 
Priority 
Location 


INT15 
NMI 
203EH 
15 


INT14 
HSI FIFa 
Full 
203CH 
14 


INT13 
EXTINTl 
203AH 
13 


INT12 
TIMER2 
Overflow 
2038H 
12 


INTll 
TIMER2 
Capture 
2036H 
11 


INT10 
4th Entry into HSI FIFa 
2034H 
10 


INT09 
RI 
2032H 
9 


INT08 
TI 
2030H 
8 


SPECIAL 
Unimplemented 
Opcode 
2012H 
N/A 


SPECIAL 
Trap 
2010H 
N/A 


INTO? 
EXTINT 
200EH 
? 


INT06 
Serial Port 
200CH 
6 


INT05 
Software 
Timer 
200AH 
5 


INT04 
HSI.OPin 
2008H 
4 


INT03 
High Speed Outputs 
2006H 
3 


INT02 
HSI Data Available 
2004H 
2 


INTOl 
AID 
Conversion 
Complete 
2002H 
1 


INTOO 
Timer Overflow 
2000H 
0 


NOTE: 
Priority 
15 = highest, 
priority 
0 = lowest 


Three 
special 
interrupts 
are 
available 
on 
the 
80C196KB: 
the 
external 
Non-Maskable 
Interrupt 
(NMI), TRAP and Unimplemented Opcode. The exter- 
nal NMI pin generates an unmaskable interrupt for im- 
plementation of critical interrupt routines. The TRAP 
instruction is useful for developing custom software de- 
buggers or generating software interrupts. The Unim- 
plemented 
Opcode Interrupt 
generates an interrupt 
upon execution of unimplemented opcodes. This pro- 
vides software recovery from random execution during 
hardware or software failures. 


INTERRUPT SOURCES 


80C196KB 


28 Sources 
18 Vector. 


VECTOR 
STATUS 
272116-4 


Figure 
4·2. 80C196KB 
Interrupt 
Structure 
Block 
Diagram 


When the hardware detects one of the sixteen inter- 
rupts 
it sets the corresponding 
bit in one of two 
interrupt 
pending 
registers 
(INT_PEND 
and 
INT_PENDI). 
Individual interrupts 
are enabled or 
disabled by setting or clearing bits in the mask registers 
(INT_MASK 
and INT_MASKl). 
A one in any bit 
position 
will 
enable 
the 
corresponding 
interrupt 
source anda zero will disable it. The interrupt mask and 
pending registers are shown in Figure 4-3. 


12H 
INT_PEND1: 
13H 
INT_MASK1: 


7 
6 
5 
4 
3 
2 
1 
0 


NMI 
FIFO 
EXT 
T2 
T2 
HSI4 
RI 
TI 
FULL 
INT1 
OVF 
CAP 


09H 
INT_PEND: 
08H 
INT_MASK: 


7 
6 
5 
4 
3 
2 
1 
0 


EXT 
SER 
SOFT 
HSI.O 
HSO 
HSI 
AID 
TIMER 
INT 
PORT TIMER 
PIN 
PIN 
DATA 
DONE 
OVF 


Figure 
4·3. Interrupt 
Mask and Pending 
Registers 
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The priority encoder looks at all the interrupts that are 
both pending and enabled, and selects the one with the 
highest priority. The priorities are shown in Table 4-1 
(15 is highest, 0 is lowest). When the interrupt control- 
ler decides to process an interrupt, it executes a "call" 
to an Interrupt Service Routine (ISR). The address of 
the ISR is contained in the corresponding interrupt vec- 
tor location. The interrupt controller clears the associ- 
ated pending bit then pushes the return address onto 
the stack. The ISR should use the PUSHA instruction 
to 
save 
the 
PSW, 
INT_MASK, 
INT_MASKI 


and WSR on the stack. The PUSHA instruction also 
clears the PSW and interrupt mask registers, disabling 
all interrupts. The ISR software must then implement 
the interrupt priority structure desired for that routine 
by enabling only the desired interrupts. At the end of 
the ISR, the POPA 
instruction 
restores the PSW, 
INT_MASK, 
INT_MASKI 
and WSR to their origi- 
nal states and restores the original priority structure. In 
most cases an Interrupt Service Routine will have the 
basic structure shown below. 


INT_VECTOR: 
PUSHA 


LDB INT_MASK. 
#xxxxxxxxB 
LDB INT_MASK1.#xxxxxxxxB 
El 


POPA 
RET 
;Restore 


5.0 
TIMERS/COUNTERS 


The 8OCl96KB has two !6-bit timers, Timer! 
and 
Timer2, shown in Figure 5-1. Timer! is readable in 
Window 0 and writab!e in Window l5 while Timer2 is 
readable and writable in Window O. The 8OCl96KB 
also includes separate, dedicated timers for the baud 
rate generator and watchdog timer. The watchdog tim- 
er is an internal timer that can be used to reset the 
system if the software fails to operate properly. 


; Save the PSW. 
INT_MASK. 
;INT_MASK1. and WSR 
;Set-up New Interrupt 
;Priorities 
;Enable Interrupts 
Again 


;Service the Interrupt 


The Timerl 
value is incremented by the 8OCl96KB 
internal clock every 8 state times. (A state time is 2 
oscillator periods, or 0.167 J.Ls with a 12 MHz crystal.) 
, 


Timer! generates a Timer Overflow Interrupt (INTOO) 
when crossing the OFFFFH/OOOOH boundary. 
I/O 
Control Register! 
(lOCI) controls the Timer! over- 5 


flow interrupt. As shown in Figure 5-2, setting IOCI.2 
enables Timer! overflow to INTOO.The status of Tim- 
er! Overflow Interrupt is read in I/O Status Register! 
(lOS!) shown in Figure 5-3. 


[~r:J.--,;,...-----;:--P2.7 
II 


DOWN!UP 
I 0--- 
P2.6 
I 
I 
IOC2.1 (= 0) 


1+---- 
T2CLK 


H----HSI.l 


L- 
T2RST 
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Figure 5-1. Timer Block Diagram 
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HSI 
HOLDING 
REGISTER 
DATA 
AVAILABLE 


IOC1(16H) 
10~1 (16H) 


SELECT 
PWM / 
SELECT 
P2.5 
SOFTWARE 
TlWER 
0 
EXPIRED 


EXTERNAL 
INTERRUPT 
ACH7 
/ 
EXTINT 
SOFTWARE 
TlWER 
1 EXPIRED 


TIMER 
1 OVERFLOW 
INTERRUPT 
ENABLE 
/ 
DISABLE 
SOFTWARE 
TIWER 
2 
EXPIRED 


TIMER 
2 OVERFLOW 
INTERRUPT 
ENABLE 
/ 
DISABLE 
SOFTWARE 
TIWER 3 EXPIRED 


HSO.4 
OUTPUT 
ENABLE 
/ 
DISABLE 
TlWER 
2 
HAS 
OVERFLOW 


SELECT 
TXD / 
SELECT 
P2.0 
TIMER 
1 HAS 
OVERFLOW 


HSO.5 
OUTPUT 
ENABLE 
/ 
DISABLE 
HSI 
FlFO 
IS 
FULL 


7 
HSI 
INTERRUPT 


FlFO 
FU LL / 
'"'H"'OL:-:D"'I 
N"'G"-::'RE"'G"'IS"'T"'E=R 
-;-L""O""AD""E""D 
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Figure 5-2. 1/0 Control Register 1(IOC1) 
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IOC2(OBH) 


ENABLE 
FAST 
INCREMENT 
OF T2 


ENABLE 
T2 
AS 
UP/DOWN 
COUNTER 


ENABLE 
+2 
PRESCALER 
ON 
PWM 


X (SET 
TO iI) 


A/D 
CLOCK 
PRESCALER 
DISABLE 


T2 
ALTERNATE 
INTERRUPT 
@ 8000H 


6 
ENABLE 
LOCKED 
CAM 
ENTRIES 


7 
CLEAR 
ENTIRE 
CAM 


Figure 5-4. 1/0 Control Register 2 (IOC2) 


I/O Control Register I (lOCI) and I/O Control Regis- 
ter 2 (IOC2) shown in Figure 5-4 determine the func- 
tion of Tirner2. Timer2 is driven by an external clock. 
Bit 7 of lOCO controls whether the T2CLK pin or the 
HSI.I pin function as the Timer2 clock input. Timer2 
increments or decrements on every positive and nega- 
tive transition. Bit 0 of IOC2 determines the maximum 
rate at which Timer2 can receive these transitions. 
When IOC2.0 = I the maximum transition speed is 
once per state time, and when IOC2.0 = 0 the maxi- 
mum transition speed is once every 8 state times (Fast 
Increment Mode). Setting bit I of IOC2 enables Timer2 


Non: 
READING 
10S 1 CLEARS 
BITS 
0-5. 


272116-7 


Figure 5·3. 1/0 Status Register 1(1051) 


IOCO.S 
272116-9 


Figure 5·5.Tlmer2 Clock and Reset Options 


to function as an up/down counter. The T2UPDN pin 
determines the direction of Timer2 as an up/down 
counter; when T2UPDN 
= I Timer2 counts down and 
when T2UPDN 
= 0 Timer2 counts up. There are two 
possible external Timer2 reset sources. IOCO.3 enables 
the external reset function 
and IOCO.5 determines 


whether the T2RST pin or the HSI.O pin will act as the 
reset source (Figure 6-4). It is also possible to reset 
Timer2 internally using the High Speed Output Unit or 
by clearing the Timer2 SFR. Figure 5·5 shows the Tim- 
er2 clock and reset options and Table 5-1 lists the Tim- 
er2 control bits. 
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Table 5-1 Tlmer2 
Control 
Bits 


Bit = 1 
Bit = 0 


IOCO.1 
Reset Timer2 each write 
No action 


IOCO.3 
Enable external reset 
Disable 


IOCO.5 
HSI,Ois ext. reset source 
T2RST is reset source 


IOCO.7 
HSI,1 is T2 clock source 
T2CLK is clock source 


IOC1.3 
Enable Timer2 overflow into 
Disable overflow interrupt 


IOC2.0 
Enable fast increment 
Disable fast increment 


IOC2.1 
Enable downcount feature 
Disable downcount 


P2.6 
Count down if IOC2.1 = 1 
Count up 


IOC2.5 
Interrupt on 7FFFH/8000H 
Interrupt on OFFFFH/OOOOH 


P2.7 
Capture Timer2 into 
T2CAPTURE on rising 
edge 


Timer2 can generate three interrupts: The Timer Over- 
flow Interrupt 
(INTOO), The Timer2 Overflow Inter- 
rupt 
(INTl2), 
and 
The Timer2 
Capture 
Interrupt 
(INTlI). 
lOCI 
determines 
whether Timer! 
and/or 
Timer2 will generate INTOO.Timer2 generates an over- 
flow interrupt 
when crossing 
the OFFFFH/OOOOH 


boundary or the 7FFFH/SOOOH boundary as deter- 
mined 
by 
IOC2.5. 
A 
Timer2 
overflow 
interrupts 
through INTOOif 10C1.3 and INT~ASK.O 
are set. 


Alternatively, 
Timer2 
interrupts 
through 
INTl2 
if 
INT_MASK1.3 
is set. Bit 4 of I/O Status Register I 


(IOSI.4), shown in Figure 5-3, indicates that status of 
Timer2 Overflow Interrupt. 


6.0 
HIGH SPEED INPUT UNIT 


The High Speed Input Unit (HSI) can record times of 
external 
events with an S state 
time (1.33 
,...S at 


12 MHz) resolution. It can capture the value of Timer! 
when an event takes place on one of the four HSI lines 
(HSI.O through HSI.3). The four types of events that 
can trigger a capture are: rising edges only, falling edg- 
es only, rising or falling edges, or every eighth rising 
edge. As shown in Figure 6-2, the four input lines are 
independently configurable via the HSI_MODE 
regis- 


ter. This register determines the capture modes of the 
four inputs. A block diagram of the HSI unit is shown 
in Figure 6-1. 


HSI Trigger 
Options 


FlFO 


INTERRUPT l 


a: 


CONTROL 
LOGIC 
4 


4 
7x20 
BIT 


flfO 


~ 
HITOLO 


-----.r- 
LO TO HI 


~OR~ 
I 
I 
JUUlJlJl1lJL11. 


EVERY 
EIGHTH 
POSITIVE 


TRANSITION 
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Figure 6-1. High Speed 
Input Unit 
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I7 
6 I 5 
4 I 3 
2 I 1 I 0 I 
L HSI.O 
MODE 


HSI.l 
MODE 


HSI.2 
MODE 


HSI.3 
MODE 


WHERE EACH 2 - BIT MODE CONTROL 
FIELD 
DEFINES 
ONE OF 4 POSSIBLE 
IolODES: 


00 
8 POSITIVE 
TRANSITIONS 
01 
EACH POSITIVE 
TRANSITION 
10 
EACH NEGATIVE 
TRANSITION 
11 
EVERY TRANSITION 
(POSITIVE 
AND NEGATIVE) 
272116-12 


Figure 6-2. High Speed Input Mode Register 
(HSI_MODE) 


The HSI unit stores the Timer! value and 4 status bits 
in a 7 x 20 level FIFO and holding register. It is possi- 
ble to store 8 entries, 7 in the FIFO and I in the hold- 
ing register. The HSI unit will not store events occur- 
ring after the FIFO is full. The HSI holding register 
contains the earliest entry placed in the FIFO. Reading 
the holding register unloads one level.ofthe FIFO. The 
HSI unit then places the next entry into the holding 
register. 


The contents of the HSI holding register are obtained 
by first reading the HSI_ST ATUS register and then 
the HSI_TIME 
register. The HSI_TIME 
register re- 
turns the event time tag. The HSI_ST ATUS register 
returns a status and an input bit for each of the four 
HSI lines (see Figure 6-3). The status bit indicates 


HSLSTATUS 
(06H) 


r 7 
6 I 5 
4 I 3 
2 I 1 I 0 I 
LIHSI.O 
STATUS 


HSl.l 
STATUS 


HSI.2 
STATUS 


HSI.3 
STATUS 


WHERE FOR EACH 2 - BIT STATUS 
FIELD THE LOWER 
BIT INDICATES 
WHETHER OR NOT AN EVENT HAS 
OCCURED ON THIS 
PIN AND THE UPPER BIT INDICATES 
THE CURRENT 
STATUS 
OF THE PIN. 


HSI_STATUS 
IS CLEARED 
WHEN READ. 
272116-13 


NOTE: 
HSI_ST 
ATUS is cleared 
when 
read. 


Figure 6-3. High Speed Input Status Register 
(HSLSTATUS) 


which line(s) caused the event and the input bit indi- 
cates the current input level of the line, not the level 
when the event occurred. Reading the HSI_TIME 
register unloads one level of the FIFO. 


To start the HSI use the following steps: 1) Flush the 
FIFO, 2) Enable the HSI interrupts, 3) Initialize and 
enable the HSI pins. The followingsection of code will 
flush the FIFO: 


FLUSH: 
LD ZERO_REG, 
HSLTIME 
;Unload one level of 
the FIFO 


SKIP ZERO_REG 
;Wait 4 state times 


SKIP ZERO_REG 
;Wait 4 state times 


JBS IOS1, 7, FLUSH 
;Check whether 
FIFD 
is empty 


I/O Control Register 0 (lOCO), shown in Figure 6-4, 
can individually enable or disable the four HSI lines 
(HSI.Othrough HSI.3). Disabling an input line discon- 
nects it from the FIFO, changing its function from an 
HSI line to a general purpose input line. However, the 
corresponding HSI_ST ATUS input bits indicate the 
current state of the line regardless of whether the line 
functions as an HSI input line or as a general purpose 
input line. 


HSI.O 
INPUT 
ENABLE / 
DISABLE 


TlIolER 2 RESET EACH WRITE 


HSI. 1 INPUT 
ENABLE / 
DISABLE 


TIIolER 2 EXTERNAL 
RESET ENABLE / 
DISABLE 


HSI.2 
INPUT 
ENABLE / 
DISABLE 


TIIolER 2 RESET SOURCE HSI.O / 
T2RST 


HSI.3 
INPUT 
ENABLE / 
DISABLE 


TIIolER 2 CLOCK SOURCE HSI.l 
/ 
T2CLK 
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lOCO(15H) 


Figure 6-4. I/O Control Register 0 (lOCO) 
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The HSI unit can generate three interrupts: The HSI 
Data Available Interrupt (INT02). the HSI_FIFO_4 
Interrupt (INTIO) and the HSI FIFO FULL Interrupt 
(INTl4). 
Bit 7 of I/O Control Register 1 (lOCI) con- 
trols the INT02 source. If IOCl.7 
= 0 loading the 
holding register will cause INT02; otherwise if IOCl.7 
= 1 loading the sixth entry into the FIFO (not includ- 
ing the holding 
register) 
will cause INT02. 
After 
INT02 occurs bits 6 and 7 of I/O Status Register 1 
(IOSI) indicate which source caused the interrupt. The 
sources for INTIO and INTI4 
are independent 
of 
lOCI. Loading the fourth entry into the FIFO causes 
INTlO and loading the sixth entry into the FIFO caus- 
es INTl4. Note if IOCl.7 is set, loading the sixth entry 
into the FIFO will cause both INT02 and INTl4. 


7.0 
HIGH SPEED OUTPUT UNIT 


The HSO unit can trigger events at specified times 
based on Timer! 
or Timer2. These programmable 
events include: starting an AID conversion, resetting 
Timer2, generating up to four software time delays and 
setting or clearing one or more of the 6 output lines 
(HSO.O through HSO.5). The HSO unit stores pending 
events and their specified times in a CAM (Content 
Addressable Memory) file. Figure 7-1 shows a block 
diagram of the HSO unit. 
. 


The CAM file is the main component of the HSO. This 
file stores up to eight commands. Each CAM register is 


24 bits wide. Sixteen bits specify the action time. and 8 
bits specify the nature of the action and whether Tim- 
er! 
or Timer2 is the reference. Timer2 
transitions 
should not occur faster than once every 8 state times 
when it is used as a reference for the HSO. Commands 
for the HSO first enter the HSO holding register. They 
then enter the CAM when an empty CAM register is 
available. Commands must be in the CAM to execute; 
commands in the holding register will not execute. It 
takes one state time to compare each CAM location, so 
8 state times (1.33 ,""S with a 12 MHz clock) are neces- 
sary for a complete CAM search. The HSO unit trig- 
gers the specified event when it finds a time match. 


Writing to the HSO_COMMAND 
register and the 
HSO_TIME 
register loads the HSO holding register. 
When the next opening in the CAM file is available the 
contents of the HSO holding register move into it. The 
HSO_COMMAND 
register shown in Figure 7-2 spec- 
ifies the event type, whether an interrupt is to occur, 
and the reference timer. The I/O 
Status Register 0 
(IOSO)bits 6 and 7 indicate the status of the HSO unit. 
If IOSO.6 equals 0, the holding register is empty and at 
least one CAM register is empty. If IOSO.7 equals 0, 
the holding register is empty. The holding register must 
be empty before writing the action time to the HSO_ 
TIME registers. If the holding register is not empty, 
writing to the HSO will overwrite the current holding 
register value. Always write the command byte first• 
followed by the time word. 
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Figure 7-1. High Speed Output 
Block Diagram 
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HSO_COMMAND 
(06H) 


7 
6 
5 
4 
3 
I 
2 
I 
1 
I 
0 


CAM 
TMR2/ 
SET/ 
INT/ 
CHANNEL 
LOCK 
TMR1 
CLEAR 
INT 
HSO_ 
COMMAND 


CAM Lock 
- 
Locks event in CAM if this is enabled 
by IOC2.6 (ENLLOCK) 


TMR/TMR1 
- 
Events 
Based on Timer2/Based 
on Timer1 
if 0 


SET/CLEAR 
- 
Set HSO pin/Clear 
HSO pin if 0 


INT /INT 
- 
Cause interrupt/No 
interrupt 
if 0 


CHANNEL: 
0-5: 
HSO pins 0-5 
separately 


(in Hex) 
6: 
HSO pins 0 and 1 together 


7: 
HSO pins 2 and 3 together 


8-B: 
Software 
Timers 0-3 


C-D: 
Unflagged 
Events 
(Do not use for future 
compatibility) 


E: 
Reset Timer2 


F: 
Start A to 0 Conversion 


Figure 7·2. High Speed Output Command 
Register 
(HSO_Command) 


An entry placed in the CAM remains there until its 
execution unless a chip reset occurs or the CAM clear 
bit (IOC2.7) is set. It is possible to cancel an external 
pending event by writing the opposite event with the 
same time tag to the CAM. However, both events re- 
main in the CAM until their time tag is matched or the 
CAM is cleared. Setting bit 2 of IOC2 enables the 
CAM locking function. Setting the CAM lock bit 
(HSO_COMMAND.7) 
locks the command in the 
CAM; a locked CAM entry will execute whenever its 
time tag matches the referencetime. Locked entries are 
useful in applications requiring periodic or repetitive 
events to occur. The HSO unit can generate multiple 
PWM's by locking CAM entries and using Timer2 as a 
reference. (See Software Example 4) 


NOTE: 
1051 is cleared 
when 
read. 


IOS1 (16H) 


SOFTWARE TII.4ER 0 EXPIRED 


SOFTWARE TII.4ER 1 EXPIRED 


SOFTWARE T1I.4ER2 EXPIRED 


SOFTWARE TII.4ER 3 EXPIRED 


TII.4ER 2 HAS OVERFLOW 


TII.4ER 1 HAS OVERFLOW 


HSI FIFO IS FULL 


HSI HOLDING REGISTER DATA AVAILABLE 
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Figure 7-3. 1/0 Status Register 
1 (IOS1) 


The HSO unit can generate two interrupts (providing 
HSO_COMMAND.4 
is set): The High Speed Output 
interrupt (INT03) and The Software Timer interrupt 
(INT05). The High SpeedOutput interrupt occurs as a 
result of changes on one or more of the six output pins. 
The other HSO commands, triggering the A/D Con- 
verter, resetting Timer2 and setting a Software Timer 
Flag, generate INT05. The I/O Status Registers 10SI 
and IOS2, shown in Figure 7-3 and Figure 7-4 indicate 
which event(s) caused a HSO interrupt. 


NOTE: 
1052 is cleared 
when 
read. 


IOS2 (17H) 
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HSO.O 


HSO.1 
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T2RESET 


START A/D 


272116-17 


Figure 7-4. 1/0 Status Register 
2 (IOS2) 


The HSO unit can generate interrupts at preset times 
via four "Software Timers". Software Timer Flags are 
set in the I/O Status Register I (IOSI) at the prepro- 
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grammed times. If the interrupt bit in the HSO com- 
mand register is set, a Software Timer Interrupt 
will 
also occur at the designated time. The interrupt service 
routine can then examine IOSI to determine which 
software timer expired and caused the interrupt. The 
most common use of the software timers is to trigger 
interrupt routines that must occur at regular intervals. 


8.0 
PULSE WIDTH MODULATION 
OUTPUT 


The Pulse Width Modulator of the 8OCl96KB, when 
used with external hardware, can provide useful signals 
for a variety of applications. The PWM output can per- 
form digital to analog conversions and drive several 
types of motors which require a PWM waveform for 
more efficient operation. A block diagram of the PWM 
circuit is shown in Figure 8-1. Three registers control 
the PWM: I/O Control Register I (lOCI), I/O Control 
Register 
2 
(IOC2) 
and 
the 
PWM 
Register 
(PWM_CONTROL). 
The PWM output shares a pin 
with Port 2; setting IOCI.O selects the PWM function 
rather then the standard port function. 


The PWM output waveform is a variable duty cycle 
pulse that repeats every 256 state times (42.75 fLs 
@ 
12 MHz) or 512 state times (85.5 fLs @ 12 MHz) if the 
prescaler bit (IOC2.2) is set. The PWM frequencies for 
different clock speeds are shown in Table 8-1. Writing a 
value between 0 and 255 to the PWM_CONTROL 
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register will change the duty cycle. The PWM unit has 
an 8-bit counter that is incremented every state time or 
every other state time if the prescaler bit is set. When 


STATE TlWE CLOCK 
r(XTAL 1)/2 


• 
Duty Cycle 
Programmable 
in 256 Steps 


Figure 8·1. PWM Block Diagram 


272116-16 


DUTY 
PWM CONTROL 
CYCLE 
REGISTER 
VALUE 


0% 
00 
HI 


LO 


10% 
25 
~~Jl 


50% 
128 
HI 


LO 


110% 
230 
HI .J 
LO 


".8% 
255 
HI 


LO 


OUTPUT 
WAVEFORM 


~ 
~n~ 
~n~ 
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Figure 8·2. Typical PWM Outputs 


5-335 


• 


intel.. 
AP-466 


the counter equals 0 the PWM output switches high; 
when the counter matches the value in the PWM_ 
CONTROL 
register the PWM output switches low; 
and when the counter 
overflows the PWM output 


switches high again. Typical output 
waveforms are 
shown 
in Figure 
8-2. Values written 
to 
PWM_ 
CONTROL are loaded into a holding register when the 
counter overflows. This is so the compare circuit will 
not recognize a new value until the counter has expired, 
thus preventing missed PWM edges. 


Table 8-1. PWM Frequencies 


XTAL1 = 
8MHz 
10MHz 
12MHz 


IOC2.2 = 0 
15.6 KHz 
19.6 KHz 
23.6 KHz 
IOC2.2 = 1 
7.8 KHz 
9.8 KHz 
11.8 KHz 


9.0 
ANALOG OUTPUTS 


Both the PWM output and the HSO unit can generate 
analog outputs. Either peripheral will generate a rec- 
tangular pulse train that varies in duty cycle and peri- 
od. Filtering the output will create a smooth analog 
signal. This filtering is typically done after the signal is 
buffered to make it swing over the desired analog out- 
put voltage range. A block diagram of the type of cir- 
cuit needed is shown in Figure 9-1. The filter can be a 
simple RC network or an active filter. Shown in Figure 
9-2 is a circuit used for low output currents, (less than 
100 /-LAor so). The PWM unit can generate these wave- 
forms if a fixed period on the order of 42.75 /-Lsor 
85.5 /-Ls(at 12 MHz) is acceptable. The HSO unit can 
generate waveforms with a period of up to 87.5 ms (us- 
ing Timer! at 12 MHz). 


8OC196KB 
BUFFER 
FILTER 
TO MAKE 
HIO 
OUTPUT 
(PASSIVE 
POWER 


OR 
SWING 
OR 
AMP 
r---- 


PWM 
RAIL 
ACnvE) 
(OPTIONAL) 
TO 
(OPTIONAL) 
RAIL 


ANALOG 
OUTPUT 


Figure 9-1. D/A Buffer Block Diagram 
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Figure 9-2. PWM to Analog Conversion 
Circuitry 
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10.0 
ANALOG TO DIGITAL 
CONVERTER 


To set-up an analog-to-digital conversion load the de- 
sired analog input channel into the lower three bits of 
the AD_COMMAND 
register. The GO bit, bit 4 of 
the AD_COMMAND 
register, controls 
when the 
conversion will start. If the GO bit is set the conversion 
will start immediately, otherwise the HSO unit will 
trigger the conversion. The AD_COMMAND 
register 
is shown in Figure 
10-2. The AID 
result registers 
(AD_RESULT(hi) 
and AD_RESULT(lo)), 
shown in 
Figure 10-3 and Figure 10-4 contain the IO-bit conver- 
sion result. The AD~SULT(hi) 
register contains 
the most significant 8 bits of the result. Bits 6 and 7 of 
the AD_RESULT(lo) 
register contain the remaining 
least significant bits (LSB's) of the result. Also, the low- 
er four bits of the AD_RESULT(lo) 
register contain 
the AID channel number and the AID status as shown 
in Figure 10-3.The AD_RESULT(lo) 
status bit, when 
set, indicates that an AID conversion is in progress. It 
takes 8 state times to set this bit after the start of an 
A/D conversion. 


The 8OCl96KB analog interface consists of a sample- 
and-hold, an 8 channel multiplexer, and a 100bit ana- 
log-to-digital converter. A block diagram of the AID 
converter is shown in Figure 10-1.Port 0, an input-only 
port, shares the analog inputs ACHO through ACH7. 
The AID Converter uses the successive approximation 
method to perform an AID conversion on one input at 
a time. Three SFRs control the AID Converter. The 
AD_COMMAND 
register controls 
which channel 
and when a conversion 
will start, 
and the AD_ 
RESULT (low and high) registers store the 100bitcon- 
version result. Bit 4 of the I/O 
Control Register 2 
(IOC2.4) controls the number of state times required 
for the conversion. 
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Figure 10-1. AID Converter 
Block Diagram 


5-337 


Figure 10-2. AID Command·Reglster 
(AD_COMMAND) 
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Figure 10-3. AID Result High Register 
(AD_RESUl 
T(HI» 


AID 
CHANNEL 
NUMBER 


STATUS: 


0= AID 
CURRENTLY 
IDLE 
1 = CONVERSION 
IN PROCESS 
RSV 
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AID 
RESULT: 


LEAST 
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Figure 10-4. AID Result low Register 
(AD_RESUl 
T(lO» 


11.0 
SERIAL 
PORT 


The Serial Port on the 80C196KBhas one synchronous 
(Mode 0) and three asynchronous modes (Modes 1-3). 
The asynchronous modes are full duplex, meaning they 
can transmit and receive data simultaneously. The re- 
ceiver on the 80C196KB is double butTeredso the re- 
ception of a second byte may begin before the first byte 
is read. The transmitter is also double butTeredand can 
generate continuous transmissions. 


In the asynchronous modes, the TxD pin is the serial 
port transmission line and the RxD pin is the serial 
port reception line. Data to and from the serial port is 
transferred through the Serial Port ButTers.The Trans- 
mit ButTerSBUF(TX) contains data for transmission, 
the Receive ButTerSBUF(RX) stores the received data. 


The Serial Port Control (SP_CON) 
register and the 
Serial Port Status (SP_ST AT) register control the seri- 
al port. Bit 5 of the I/O Control Register I (lOCI), 
shown in Figure 5-2 enables the TxD pin for serial port 
use. Writing to location IIH in Window 0 accesses the 
SP_CON 
register while reading it accesses the SP_ 
STAT register. The SP_CON 
register contains bits 
that: determine the Serial Mode (MI and M2), enable 
parity (PEN), enable the receiver (REN), and deter- 
mine the state and function of the 9th data bit when 
using Modes 2 and 3 (TB8). The SP_ST AT register 
contains flags that indicate: receive Overrun Error 
(OE), Framing Error (FE), Transmitter Empty (TXE), 
Transmit Interrupt (TI), Receive Interrupt (RI), Re- 
ceive Parity Error (RPE) and Receive Bit 8 (RB8). The 
SP_CON 
and SP_STAT registers are shown in Fig- 


ure 11-1. 
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11H 


TBB 
- 
Sets the ninth data bit for transmission. 
Cleared after each transmission. 
Not valid if parity is enabled. 


REN 
- 
Enables the receiver 
PEN 
- 
Enables the Parity function (even parity) 
M2, M1- 
Sets the mode. ModeO = 00, Mode1 = 01, Mode2 = 10, Mode 3 = 11 
X 
- 
Reserved 
bit. Must be written as O. 


7 
6 
5 
4 
3 
2 
1 
0 


AB8/ 
AI 
TI 
FE 
TXE 
OE 
X 
X 
APE 
11H 


RBB 
- 
Set if the 9th bit is high on reception 
(parity disabled) 
RPE 
- 
Set if parity is enabled and a parity error occurred 
RI 
- 
Set after the last data bit is sampled 
TI 
- 
Set at the beginning of the STOP bit transmission 
FE 
- 
Set if no STOP bit is found at the end of a reception 
TXE 
- 
Set if two bytes can be transmitted 
OE 
- 
Set if the receiver buffer is overwritten 
Reading SP_ST AT clears Bits 2, 4, 5, 6 and 7 


Figure 11-1. Serial Port Control and Status Registers (SP_CON and SP_STAT) 


The 
most 
common 
use of Mode 
0, the 
synchronous 
mode, is to expand 
the I/O 
capability 
of the 80C196KB 
using shift registers. 
In this mode the port outputs 
a set 
of 8 clock 
pulses 
on the TxD 
pin and either 
transmits 
or receives 
data synchronously 
on the RxD pin. Data is 
transferred 
8 bits at a time with the LSB first. 
A dia- 
gram of the relative 
timing 
of these signals is shown 
in 


Figure 
11-2. A'schematic 
of a typical 
circuit 
that 
uses 
shift registers 
is shown 
in Figure 
11-3. Since this circuit 
inverts 
the 
input 
data 
bits, 
software 
must 
re-invert 
them. 
The users software 
routine 
must control 
two pins 
(PX.x) 
to load data 
into the 74165 
and to enable 
the 
shift clock on the 74164. 


RXD(OUT) --{ 
DO I 
D1 I 
D2 
X 
D3 
X 
D4 
X 
D5 
X 
D6 
X 
D7 
}-- 


D4 
De 
D7 
D5 
D1 
D2 
D3 
DO 
RXD(IN) 


EXPANDED: 


RXD(Oun ---{=DO~=CC:~: 
=-=-=-J:.D~1=--=--=--=--:C(~: 
~D2C 


DO 
D1 


RXD(IN) ~',"""""----1Dt-- 
~ff-~-- 
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Figure 11-2. Mode 0 Timing 
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r-~-------------------------=~vcc==----------iPXX 
111< 


'OPEN 
COUECTOR 
272116-28 


DATA 
~-_---4~-----i RXO 


CLOCK 
~--+------1---~nw 


t>--=Er;.;;A.;:III;;:LE=-tPXX 


Figure 11-3. Typical Shift Register Circuit 


Mode 1 is the standard asynchronous mode used for 
normal serial communication. The data frame used in 
this mode is shown in Figure 11-4.It consists of 10bits: 
a start bit, 8 data bits (LSB first) and a stop bit. If 
parity is enabled (pEN = 1), an even parity bit is sent 
instead of the 8th data bit. Modes 2 and 3 are 9-bit 
modes commonly used for multi-processor communica- 
tions. The data frame used in these modes, shown in 
Figure 11-4,consists of 11bits: a start bit, nine data bits 
(LSB first) and a stop bit. Devices in Mode 2 will inter- 
rupt upon reception only if the 9th data bit is set. De- 
vices in Mode 3 will always interrupt upon reception. 
Mode 3 also allows transmission of 8 data bits plus an 
even parity bit. 


By making use of Modes 2 and 3 software can easily 
communicate between processors. Software sets the 9th 
data bit when sending an address or command for all 
the processors. In standby mode all the processors wait 
in Mode 2 for a byte with the 9th bit set. When they 
receive that byte, each processor determines if the next 
message is for them. The processor(s) that is to receive 
the message switches to Mode 3 and receives the infor- 
mation. Since the other processors remain in Mode 2, 
the software can send information with the 9th data bit 
cleared ensuring that only the previously addressed 
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processor(s) will receive the information. This scheme 
minimizes the overall CPU time required for the serial 
port. 


.A typical connection diagram for multiprocessor com- 
munication is shown in Figure 11-5.This type of com- 
munication can connect peripherals to a desk top com- 
puter, an axis controller of a multi-axis machine, or any 
other group of microcontrollers. 


The Serial Port sets the Transmit Interrupt (TI) and 
the Receive Interrupt (RI) flags in the SP_STA T reg- 
ister to indicate when operations are complete. TI is set 
when the last data bit is sent. RI is set when the last 
data bit is received (except in mode 2). In mode 2 the 
RI flag is set only when the 9th data bit of the reception 
is set. Reading the SP_ST AT register clears the TI 
and RI flags. In response to the RI and TI flags the 
Serial Port generates three possible interrupts: the 
Transmit Interrupt 
(INT08), the Receive Interrupt 
(INT09) and the Serial Port Interrupt (INT06). Both 
the RI and TI flags generate INT06, which exists for 
compatibility with the 8096BH.Software should enable 
INT06 and disable both INT08 and INT09 for 8096BH 
compatibility. For normal operation software should 
disable INT06 and enable both INT08 and INT09. 


STOP 


HIlTS 
OF DATA 


PROGRAMMABLE 
8TH BIT ----- 


11-BIT FRAME 


Figure 11-4. Serial Port Frames, Mode 1, 2 and 3 
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COORDINATE TRANSFORMS 
- 
DETERMINE VECTOR ENDPOINTS AND 
TRAVEL TIMES 
•••••__ 
...., 
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- 
PROVIDE USER INTERFACE 


{ 


-CONVERT 
VECTORS TO INDIVIDUAL 
AXIS COMMANDS 
- 
CONTROL THE SERIAL LINK 
- 
MONITOR ENTIRE SYSTEM FOR FAULTS 
...... 
--r-----' 
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Figure 11-5. Multiprocessor 
Communication 


The Baud Rate Register (BAUD~G) 
controls the 
baud rates for the serial modes. This is a byte wide 
register that is loaded sequentially with two bytes, and 
internally stores the value as a word. The least signifi- 
cant byte is loaded to the register followed by the most 
significant byte. The most significant bit of the baud 
value determines the clock source for the baud rate gen- 
erator. Setting this bit will select the XTALl pin as the 
clock, otherwise the T2CLK pin will function as the 
clock. To determine the baud value use the formulas 
shown in Figure 
11-6. The baud values for common 
baud rates when using XTALl as the clock source are 
shown in Table 11-1. In most cases a serial link will 
work with up to 5.0% difference between baud rates. 


Asynchronous Modes 1, 2 and 3: 


BAUD_REG 
= 
X~AL1 
-1 
OR 
Baud ate' 
16 
T2ClK 
Baud Rate' 8 


Synchronous Mode 0: 


BAUD_REG 
= 
XTAL1 
- 
10R 
Baud Rate' 2 
T2ClK 
Baud Rate 


B must only equal 0 in modes 1, 2 or 3, when using 
XTAL 1 as the clock source. Do not use B = 0 in 
mode O. 


Common baud rate values, using XTALl 
at 16 MHz, 


are shown below. 


Figure 11-6. Baud Rate Formulas 


Table 11-1. Common Baud Rate Values 


Baud 
Baud Register Value 
Rate 
Mode 0 
Others 


9600 
8340H 
8067H 
4800 
8682H 
80CFH 
2400 
8D04H 
81AOH 
1200 
9AOAH 
8340H 
300 
E82BH 
8D04H 
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To avoid repetitive declarations the examples use the 
"include" file (80CI96KB.lNC) 
shown in Listing 12-0. 


This file contains the definitions for the 8OC196KB 
Special Function Registers (SFRs). The software exam- 
ples were written for use on the 80C196KB evaluation 
board. 


12.0 
SOFTWARE EXAMPLES 


This section contains 7 software examples that use the 
major 80C196KB peripherals. The first example is a 
Table Look-Up and Interpolation 
program that uses 
many of the 80C196KB code features. The following 
programs demonstrate the use of: the HSI Unit, the 
HSO Unit, the PWM Output and the AID Converter. 


Listing 
12-0. 
Include File SOC196KB.INC 


;************************************************* 
80Cl96.INC 
- DEFINITION 
OF 
SYMBOLIC 
NAMES 
FOR 
THE 
1/0 
REGISTERS 
OF THE 
80Cl96KB 


;************************************************* 
80Cl96KB 
SFR's 


RO 
EQU 
OOH:WORD 
R 


AD COMMAND 
EQU 
02H:BYTE 
W 


AD-RESULT 
LO 
EQU 
02H:BYTE 
R 


AD-RESULT-HI 
EQU 
03H:BYTE 
R 


HSI 
MODE 
- 
EQU 
03H:BYTE 
W 


HSO-TIME 
EQU 
04H:WORD 
W 


HSI-TIME 
EQU 
04H:WORD 
R 
HSO-COMMAND 
EQU 
06H:BYTE 
W 
HSI-STATUS 
EQU 
06H:BYTE 
R 


SBUF 
EQU 
07H:BYTE 
R/w 


INT MASK 
EQU 
08H:BYTE 
R/W 


INT-PENDING 
EQU 
09H:BYTE 
R/W 
WATCHDOG 
EQU 
OAH:BYTE 
W 


TIMERl 
EQU 
OAH:WORD 
R 


IOC2 
EQU 
OBH:BYTE 
W 


TIMER2 
EQU 
OCH:WORD 
R 
BAUD 
RATE 
EQU 
OEH:BYTE 
W 


roPORTO 
EQU 
OEH:BYTE 
R 


IOPORTl 
EQU 
OFH:BYTE 
R/w 


IOPORT2 
EQU 
lOH:BYTE 
R/W 


SP CON 
EQU 
llH:BYTE 
W 


SP-STAT 
EQU 
llH:BYTE 
R 


1PENDl 
EQU 
l2H:BYTE 
R/w 
1MASKl 
EQU 
l3H:BYTE 
R/W 


WSR 
EQU 
14H:BYTE 
R/w 


lOCO 
EQU 
lSH:BYTE 
W 
roso 
EQU 
lSH:BYTE 
R 
IOC1 
EQU 
l6H:BYTE 
W 


1OS1 
EQU 
l6H:BYTE 
R 


1OS2 
EQU 
17H:BYTE 
R 


PWM_CONTROL 
EQU 
17H:BYTE 
W 


SP 
EQU 
18H:WORD 
R/W 
272116-32 
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Table 12-1. Table of Input and Output 
Values 
12.1 Example 1- Table Look-Up and 
Interpolation 


A good way to increase speed for many processing 
tasks is to use table look-up with interpolation. The 
program shown in Listing 12-1 uses 17 points at evenly 
spaced intervals to characterize a .function. Example 1 
stores the 17points as output values in a table of words. 
These values correspond to 17 input values (0, 200, 
400, ... 
3400): an input = 0 returns the first output 
word, an input = 200 returns the second output word, 
and so on. Listed in Table 12-1 are the corresponding 
input and output values. To compute the output value 
for any intermediate input value (i.e., 280) the pro- 
gram uses a linear approximation based on the nearest 
function values. Given below is a description of the in- 
terpolation process. 


The linear interpolation formula: 


Input Value 
Output 
Value 


000 
OOOOH 
200 
1900H 
400 
2EEOH 
600 
41AOH 
800 
5140H 
1000 
50COH 
1200 
6720H 
1400 
6060H 
1600 
7080H 
1800 
7080H 
2000 
6060H 
2200 
6720H 
2400 
50COH 
2600 
5140H 
2800 
41AOH 
3000 
2EEOH 
3200 
1900H 
3400 
OOOOH 


IN_ VAL 
= The intermediate input value. 


SCALE 
= The difference between the nearest table input values. 
IN_LOW 
= The nearest table input value that is lower than IN_ VAL. 


OUT_OIF 
= The difference between the nearest table output values. 


OUT_LOW 
= The lower table output value. 
OUT_HIGH 
= The higher table output value. 


For example, iflN_VAL 
= 680 (44H) then OUT_LOW 
= 41AOH, OUT_HIGH 
= 5140H, OUT~IF 
= 
OFAOH, SCALE = 200 (I4H), and INT_LOW 
= 600 (3CH) 


RESULT 
= 41AOH + OFAOH/14H 
• (44H 
- 
3CH) = 75COH 
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OUT_VALUES: SHL TAB PTR, 
'1 
iMultiple 
pointer 
by 
2 
LD OUT LOW, TABLE[TAB PTR] 
;Out 
low 
- 
low 
output 
value 
LD OUT-HIGH, 
(TABLE+2T!TAB 
PTR] 
lOut-high 
• 
hi 
output 
value 
SUB OUT_HIGH, OUT_LOW 
- 
;out:high 
.• out_hiqh-out_low 


;Calculate 
result 
using 
interpolation 
formula 
- 
;result 
.• out_low 
+ 
(out_high 
- 
out_low)\scale 
* 
(in_val 
- 
in_low) 


MAX IN 
VAL 
EOU 
340D 


SCALE 
- 
EOU MAX_IN_VAL/((($-TABLE)12)-l) 


RSEG 
AT 
30H 


RSV: 
DSW 


RSEG 
VALUE: 
DSL 
OUT 
LOW: 
DSW 


OUT-HIGH: 
DSW 


IN 
LOW: 
DSW 


RESULT: 
DSW 
TAB PTR: 
DSW 


IN_VAL: 
DSW 


CSEG 
AT 
2080H 


INIT: 
LD 
SP, 
tlOOH 
LD 
IN_VAL, 
.320D 


POINTER: 
LD TAB PTR, 
IN VAL 
DIVB 
TAB 
PTR, 
'SCALE 
AND TAB_PTR, 
.OOFFH 


MULB IN_LOW, TAB_PTR, 
'SCALE 


SUB IN_VAL, 
IN_VAL, 
IN_LOW 


; Reserved 
space 
in 
RISM 


LD VALUE, 
IN 
VAL 
MUL VALUE, OUT HIGH 
DIV VALUE, .SCALE 
AND VALUE, 
.OOOOFFFFH 
ADD RESULT, 
VALUE, 
OUT LOW 
BR $ 
- 


iTemporary 
value 
;Low 
table 
output 
value 
; High 
table 
output 
value 
i Low table 
input 
value 
; Interpolated 
output 
value 
:Pointer 
into 
output 
table 
:Actual 
input 
must 
be 
less 
;than 
max_in_val 


; Load 
stack 
pointer 


; Load 
actual 
value 
must 
be 
; less 
than 
max 
in 
va L 
; Table 
ptr-actual- 
value 
; Table 
ptr 
.• table 
ptr\scale 


/ 
rnt s ce rd remainder 


; Determine 
the 
lower 
table 
; input 
iIn_val 
.• in_low 
- 
in_val 


;Value 
.. 
(in 
val 
- 
in 
low) 
r va Lue 
* 
(out 
high-out 
low) 
;Value 
.• value 
\ 
scale- 
; Discard 
remainder 


;Result 
- 
value 
+ value 


i Last 
line 
must 
be 
end 
272116-33 


END 
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12.2. Example 2- 
Using the High 
Speed Input Unit 


A common use of the HSI Unit is to monitor a signal 
and measure the time between positive and negative 
transitions. Example 2 shown in Listing 12-2 uses the 
pins HSI.O and HSI.l to monitor a signal. HSI.O cap- 
tures negative transition times and HSI.l captures posi- 


tive transition times. The program then calculates and 
stores 
transition 
time 
differences 
in a time 
table 


(TIME_TABLE). 
The value of TABLE_SIZE 
deter- 


mines the size of TIME_TABLE. 
Once TIME_ 


TABLE contains the designated number of values the 
software disables the HSI pins. Note the program dis- 
cards the first transition time capture because the signal 
is input on the HSI pins before they are enabled. 
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:Reserved 
space 
1n RISM 


DSW 
DSW 
DSW 
DSW 
DSW 


CSEG 
AT 
2080H 


CSEG 
AT 
2004H 
DCW 
CAL_TIME 


Listing 12-2. 
Using The High Speed Input Unit - HSIA.A96 


$DEBUG 
ERRORPRINT 
NOS'tMBOLS 
; .•.** .•••• -*_ .. _.-.- 
****** 
••.• ** •• ** *.* * .•.••• **'* .•..•*** .•.••.•..•.•.•..•.••. 
1o 
.•• 
." ****** 
••.•. 
: 
HSIA.A96 
- 
Using 
The 
High 
Speed 
Input 
Unit 
; •• * •.•• ** •• _* •• ******.**** 
** .*.*** ••••••••• 
* ••••• 
* ••••••.• 
* ••. *** •.•.•.•_••• 
HSIA 
MODULE MAIN, STACKSIZE 
(20) 


SNOLIST 
INCLUDE 
(C: INTEL\INCLUDE\80C196. 
INC) 
SLIST 


RSEG 
AT 
30H 
RSV: 
DSW 


;H51.0 
and 
HSI.1 
monitor 
the 
s eme signal, 
HSI.O 
captures 
the 
time 
of 
:every 
positive 
transition 
and HSI.1 
captures 
the 
time 
of every 
negative 
;transition. 
Eventl 
and event2 
store 
the 
times 
of 
each 
consecutive 
;transition. 
TIME 
TABLE 
stores 
the 
times 
between 
each 
transition. 
The 
;size 
of 
TIME 
TABLE 
1s 
determined 
by 
TABLE SIZE. 
All 
time 
values 
are 
;based 
on Timerl. 
8 state 
times 
- 
I TimerT 
count 


DSEG 
TABLE 
SIZE 
EQU 
TIME_TABLE: 
DSW 


RSEG 
EVENT1 : 
EVENT2: 
TIME: 
PTR: 
SIZE: 


LD SP, 
1100H 


DI 
LDB 
INT 
MASK, 
,00000100B 
CLRB IMASKl 
CLRB lOCO 
LD8 
lOCI, 
110000000B 


CLR HSI 
TIME 


SKIP RO- 
SKIP 
RO 
JBS 1051, 
7, 
FLUSH 


LOB HSI_MODE, 
,00001001B 


LD PTR, 
'TIME TABLE 
CLR 
SIZE 
- 
LDB 
lOCO, 
,000001018 


J8C 
IOS1, 
7, 
WAITl 
CLR HSI TIME 
JBC ros'I, 
7, 
WAIT2 
LO EVENTl, HSI TIME 
El 
- 
BR S 


PUSHA 
LD EVENT2, 
HSI 
TIME 
SUB TIME, EVENT2, EVENT1 


ST 
TIME, 
[PTRJ 
+ 
LD EVENTl, 
EVENT2 
INC SIZE 
CMP SIZE, 
"TABLE SIZE 
BNE RETURN 
- 
CLR8 
lOCO 
paPA 
ROT 


; Size 
of 
time 
array 
; Array 
of 
event 
time 
; dif ferences 


;Transition 
time 
;Transition 
time 
;Time 
between 
events 
; Time array 
pointer 


;Address 
of 
HSI Data 
;Available 
; Interrupt 
Service 
Routine 


INIT: 


;Load 
the 
stack 
pointer, 
disable 
interrupts, 
unmask 
HSI Data 
Available 


i Interrupt, 
mask all 
other 
interrupts 
and 
disable 
HSI.O and 
HSI.1 


; Load stack 
pointer 
;Disable 
interrupts 
;Unmask 
HSI Data 
Available 
;MasK all 
other 
interrupts 
; Disable 
HSI. 0 and 
HSI.1 
; Select 
HSI Data 
Available 


F'LUSH: 


;F'lush 
the 
FIFa, 
enable 
HS1.0 
to 
capture 
positive 
transitions 
and 
HSr.1 
; to 
capture 
negative 
transitions 


; Unload 
one 
FIFa 
level 
;Wait 
<1 
state 
times 
;Wait 
<1 
state 
times 
; If 
FIFO is 
not 
empty 
goto 
: flush 
r Set 
HS1.0 
to 
collect 
r pos Lt Lve transitions 
and 
; HSI.1 
to 
collect 
negative 
;transitions 
; Initialize 
time 
table 
ptr 
; j nLt Ie Lf ae 
counter 
;Enable 
HSI.O and 
HSI.1 


WAIT1: 


;Save 
first 
valid 
transition 
time 
and 
enable 
interrupts 


;Wait 
for 
capture 
:Dump 1st 
capture 
- 
invalid 
;Wait 
for 
next 
capture 
r Save 
transition 
time 
; Enable 
interrupts 
;Wait 
here 
for 
interrupt 


; HSI Data 
Ave Ll eb Le Interrupt 
Service 
Routine 
- 
Calculates 
the 
time 
;between 
consecutive 
transitions, 
and 
stores 
the 
times 
in 
TIME_TABLE 


Disable 
interrupts 
Collect 
transition 
time 
ce LcuIe t e time 
between 
transitions 
Store 
in 
time 
table 


Increment 
storage 
counter 


If 
size 
and 
table 
size 
are 
not 
equal 
qot;o 
return 
Disable 
HSI. 0 and 
HSI.l 
Enable 
interrupts 
Return 
The 
last 
line 
must 
be 
end 
272116-34 


WAIT2: 


RETURN: 


END 
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negative transition times. HSI.O captures positive tran- 
sition times and HSI.I 
captures 
negative transition 
times. For every three consecutive transitions the soft- 
ware calculates the low time percentage. The program 
then generates a PWM output with a duty cycle equal 
to the low time percentage. Figure 12-1 shows various 
input signals and the resulting PWM outputs. 


12.3 
Example 3-Using 
the High 
Speed Input Unit and the Pulse 
Width Modulation 
Output 


As in the previous example. Example 3 shown in List- 
ing 12-3 monitors a signal and captures positive and 


iINPUT DUTY 
iINPUT DUTY 
: INPUT DUTY 
: INPUT DUTY 
i CYCLE 1 
: CYCLE 2 
!CYCLE 3 
!CYCLE. 


HSO.OH:~.~j !- 
-----LJr------j 
r1 
i; 
I 
I 
,••••• ---. 


I 
t 
I 
I 
I 
I 


~ 
~20" 
~75"~ 
~50"~ 
;.....-- 
67% ----.; 


iOUTPUT DUTY 
iCYCLE 
1 


: 
: 
PWM r------. 
r 


OUTPUT s-! 
~ 
. 
,. 
. 
,. 
~67"~ 
: 


iOUTPUT DUTY 
i 
iOUTPUT DUTY 
i 


: CYCLE 
2 
:: 
CYCLE 
:5 
: 
I 
I 
I 
I 
h 
~ r----, 
i-' 
s-! 
J...-.------... 
H 
~ 


I 
I 
I 
I 
I 
I 


-+! 
~20" 
: 
~7S"~ 
; 


: OUTPUT DUTY 
: 
r~'--.--r 
, 
. 
, 


~50"~ 
: 
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Figure 12-1. Example 
Input Signals and the Resulting 
PWM Outputs 
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J !Mt.!: 
TIME2: 
EVENT 1 : 
EVENT2 : 
EVENT3: 


USL 
DSW 
DSW 
DSW 
DSW 


CSEG 
AT 
2004H 
DCW 
CAL_TIME 


Low time 
Period 
Low transition 
time- 


High 
transition 
time 
Low transition 
time 


INIT: 


CSEG 
AT 
2080H 
;Load 
the 
stack. 
pointer 
•. disable 
interrupts, 
disable 
HS1.0 
and 
HS1.1 


;Address 
of 
HSI DATA 
;AVAILA8LE 
; Interrupt 
Service 
Routine 


LD SP, 
f100K 
DI 
LDB 
INT 
MASK, 
.00000100B 
CLRB IMASK1 
LDB 
lOCI, 
flOOOOOOlB 


CLRB 
lOCO 


;Load 
stack 
pointer 
; Disable 
interrupts 
;Unmask HSI DATAAVAILABLE 
;Mask all 
other 
interrupts 
;Bit 
0-1 
selects 
PWMoutput 
:Bit 
7-1 
selects 
HSI Data 
;Available 
Interrupt 
;Disable 
HSI. 0 and 
HSI.1 


FLUSH: 


;Flush 
the 
FIFO, 
set-up 
H5I.0 
to 
capture 
positive 
transitions 
and 
KSI.1 


;to 
capture 
negative 
transitions 
and -enab Le 
the 
HSI pins 


CLR HSI TIME 
SKIP 
RO- 
SKIP 
RO 
J8S 
IOSl, 
1, 
FLUSH 


LDB 
HSI_MODE, 
.000010018 


LDB 
lOCO, 
'00000101B 


;Unload 
one 
FIFO level 
:Wait 
4 state 
times 
;Wait 
4 
state 
times 
; If 
FIFO is 
not 
empty 
goto 
; flush 
;Set 
H51.0 
to 
collect 
;positive 
transitions 
and 
;HSI.1 
to 
collect 
negative 
;transitions 
r Eneb 
Le 
HS1.0 
and 
H51.1 


WAITl 
: 
DUMP: 
WAIT2: 


: Event 1 stores 
the 
time 
of 
the 
first 
valid 
negative 
transition. 
Event2 
: stores 
the 
next 
positive 
transition. 


WAIT3 : 


WAIT4 : 


END 
272116-36 


JBC 1051, 
7, 
WAIT1 
CLR 
HSI 
TIME 
JBC ros'I, 
7, 
WAIT2 
JBS 
HSI 
STATUS, 
0, 
DUMP 
LD EVENTl, 
HSI 
TIME 
JBC 
IOSl, 
1, 
WAIT3 
LD 
EVENT2, 
HSI 
TIME 
El 
- 
BR 
$ 
: HSI Data 
Available 
Interrupt 
Service 
Routine 
- 
calculates 
the 
low 
time 
;period, 
" low 
time 
and 
outputs 
a 
PWM. 
Low time 
is 
the 
difference 
:between 
every 
positive 
transition 
and 
the 
preceding 
negative 
transition 
:Period 
is 
the 
difference 
between 
every 
negative 
transition. 
:' 
low 
time 
- 
low 
time 
/ 
period. 
"low 
time 
is 
then 
used 
as 
the 
duty 
:cycle 
for 
a 
PWM 
output. 


PUSHA 
LD EVENT3, HSI TIME 
SUB TIME1, 
EVENT2, EVENT1 
SUB 
TIME2, 
EVENT3, 
EVENT 1 
LD EVENT I, 
EVENT 3 
JBC 1051, 
7, 
WAIT4 
LD EVENT2, 
HSI 
TIME 
MOL TIMEl, 
.256D 
DIV 
TIMEl, 
TIME2 
LDB 
PWM CONTROL, 
TIMEl 
PaPA 
- 
RET 


;Wait 
for 
first 
capture 
:Dump capture 
:Wait 
for 
next 
capture 
; If 
pos 
transition 
goto 
dump 
;Save 
neg 
transition 
time 
:Wait 
for 
next 
capture 
r Save 
time 
pos 
transition 
:Enable 
interrupts 


:Disables 
interrupts 
;Save 
neg 
transition 
time 
:Calculate 
low 
time 
;Calculate 
period 


;Wait 
for 
next 
capture 
r save 
pos 
transition 
time 
:Determine 
, 
of 
the 
signal 
: that 
is 
low, 
set-up 
pwm 
;with 
duty 
cycle 
of 
same' 
:Enable 
interrupts 
;Return 
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12.4 
Example 4-Using 
the High 
Speed Output Unit to Generate 
Multiple PWMs 


Since Timer2 is the reference timer, an external source 
must drive it. The three PWMs generated by this pro- 
gram are shown in Figure 12-2. It is possible to change 
the waveforms of these PWMs by simply changing the 
EQU statements at the beginning of the program. 
Example 4 shown in Listing 12-4 shows-the most com- 
mon way to generate multiple PWMs using the HSO 
Unit. This module uses pins HSO.O, HSO.l and HSO.2 
as the PWM outputs. The commands that set each 
PWM, clear each PWM and reset Timer2 are locked in 
the CAM. 


Lpwlo4o 


• 


~ 
r----l~ 
PWIo41 
LJ 
LpWIo42 


EXT REf 


,.-------, 
I 
,------T----~ 
1-_--_. 
01 
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Figure 12-2. Example 
PWMs 
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; HSO.0, 
HSO.1 and HSO.2 are 
the 
output 
pins 
for 
PWM0, 
PWM1 and PWM2 
;The 
values 
below 
are 
based 
on 
Timer2. 
(1 "'"1 Timer2 
count) 


;Reserved 
space 


Listing 
12-4. 
Using the High Speed Output Unit to Generate Multiple 
PWMs - HSOA.A96 


SDEBUG 
ERRORPRINT 
NOSYMBOLS 
; •• * '"_11 
'" ** 
1r"'''' 
'" **** 
**** 
*."'_ 
**"'''' .*'" *.'"** 
11 11 "' •. "' •••. 
'" 11:11 "'.* ** _"'__ ._ 
'If 'If * __ ** * _*'" * 
; 
HSOA.A96 - 
Using 
The 
High 
Speed 
Output 
Unit 
; '"11." '"'"********* 
•.• * •• * "'_'If 
'If __ * '"** '"** * * "'•.•. ** •.'"* '"** 
'If 'If 'If * '"* '"11 
'" 
'" * '"'"** "'•."'•.*"'_'If 
HSOA 
MODULE MAIN, STACKSIZE 
(20) 
SNOLIST 
INCLUDE 
(C: INTEL\ 
INCLUDE\BOCI96. 
INC) 
SLIST 


RSEG 
AT 
30H 
RSV: 
DSW 


P8RIOD 
EOU 
OAH 
; Per Led of 
the 
PWMs 
PWMO ST 
EOU 
2H 
: PWM0 set 
time 
PWMO-CT 
EOU 
BH 
; PWM0 clear 
time 
PWMCST 
EQU 
4H 
;PWM 1 set 
time 
PWMCCT 
EOU 
6H 
;PWM 1 clear 
time 
PWM2-ST 
EQU 
lH 
:PWM 
2 
set 
time 
PWM2::CT 
EOU 
90 
:PWM 2 clear 
time 


CSEG 
AT 
20BOH 


INIT: 


; Load 
the 
stack 
pointer, 
clear 
CAM, enable 
the 
CAMlocking 
function 
and 
; disable 
interrupts 


; Load CAMto 
output 
three 
PWMsignals. 
The 
commands 
are 
locked 
into 
;the 
CAM 
and 
Timer2 
which 
is 
reset 
every 
period 
is 
used 
as 
the 
time 
; reference. 


LD SP, 
flOOH 
LOB 
IOC2, 
,11000000B 


or 


RESET: 


LOB 
HSO COMMAND, 
411100000B 
LD 
HSO 
TIME, 
fPWMOST 
SKIP 
R"O 
- 
SKIP 
RO 
LDB 
HSO 
COMMAND, 
'11100001B 
LD HSO TIME, 
'PWMl 
ST 
SKIP 
R"O 
- 
SKIP 
RO 
LOB 
HSO 
COMMAND, 
flll000l0B 
LD HSO TIME, 
'PWM2 
ST 
SKIP 
R"O 
- 
SKIP 
RO 
LOB 
HSO 
COMMAND, 
f)1000000B 
LD HSO TIME, 
'PWMO 
CT 
SKIP 
R"O 
- 
SKIP 
RO 
LOB 
HSO 
COMMAND, 
'11000001B 
LD HSO TIME, 
'PWMl 
CT 
SKIP 
R"O 
- 


SKIP 
RO 
LOB 
HSO 
COMMAND, 
411000010B 
LD 
HSO TIME, 
'PWM2 
CT 
SKIP 
R"O 
- 


SKIP 
RO 
LOB 
HSO 
COMMAND, 
411001110B 
LD HSO TIME, 
,PERIOD 
BR 
S 
- 


; Load 
stack 
pointer 
; Clear 
CAM, 
enable 
locking 
; function 
;Disable 
interrupts 


Set 
hso. 0 when 
timer2 
,.. pwmO st 
Wait 
4 state 
times 
Wait 
4 state 
times 
Set 
hso.1 
when 
timer2 
'" pwm1 st 
Wait 
4 state 
times 
Wait 
4 state 
times 
Set 
hso. 2 when 
timer2 
- 
pwm2 st 
Wait 
4 state 
times 
Wait 
4 state 
times 
Clear 
hso. 0 when 
timer2 
""pwmO ct 
Wait 
4 state 
times 
Wait 
4 state 
times 
Clear 
hso.1 
when 
timer2 
- 
pwm1 ct 
Wait 
4 state 
times 
Wait 
4 state 
times 
Clear 
hso. 2 when 
timer2 
- 
pwm2 et 
Wait 
4 state 
times 
Wait 
4 state 
times 
Reset 
timer2 
when 
timer2 
- 
period 


272116-38 
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12.5 
Example 5-Using 
the High 
Speed Output Unit to Generate a 
SinglePWM 


terrupt 
(INT03) 
to force a call to an Interrupt 
Service 
Routine 
(ISR). 
The 
ISR 
then 
loads 
the commands 
in 
the CAM: 
a set command 
and a clear command. 
These 
CAM 
commands 
use Timer! 
as the 
reference 
timer. 


Since this example 
does not use locked 
CAM 
entries, 
it 
is possible 
to alter the PWM 
output 
while the program 
is running 
by changing 
the period 
and clear 
time val- 
ues. 


Example 
5 shown 
in Listing 
12-5 shows another 
way to 
generate 
a single 
PWM 
using 
the RSO 
Unit. 
To use 
this 
example 
another 
module 
must 
set-up 
the 
PWM 
period 
and clear time. This 
program 
uses an RSO 
In- 


Listing 12-5. 
Using the High Speed Output Unit to Generate a Single PWM - HSOB.A96 


$DEBUG 
ERRORPRINT 
NOSYMBOLS 
; .•.•.• * .•.•.•.•.•.•• - * * .•.•.•.• * .••..•.• ** .•• * '* *** .••- .•** .•.•.•.•*_ .•.•.•.•.•.••. 
'* .• '* * ** ***** 
*** '* ** '* .• 
: 
HSOB.A96 
- 
Using 
The 
High 
Speed 
Output 
Unlt 
; .••.•.•.• 
'* •..•.•.• 
'* .• '*. '* * ** .•.•.••* .•*** .••.* .•• * ** .•.•** .•** * .•.•** .•** .•.•* *** ** ** .•.•* .•*** ** .• 
HSOB 
MODULE MAIN, STACKSIZE 
(20) 
$NOLIST 
INCLUDE 
(C:INTEL\INCLUDE\SOC196.INC) 
$LIST 


RSEG 
AT 
30H 


RSV: 
DSW 
; Reserved 
space 
1n 
RISM 


;H50.0 
1s 
the 
output 
pin 
for 
a PWM. 
The signal 
starts 
high, 
has 
the 
;deslqnated 
PERIOD and 
1s 
cleared 
at 
the 
designated 
CLEAR TIME. 
The 
; PERIOD and CLEAR TIME values 
are 
determined 
1n another 
module. 
These 
;values 
are 
based-on 
Timerl 
(1 
- 
1 Tlmerl 
count 
- 
8 state 
times). 


RSEG 
EXTRN 
PERIOD, 
CLEAR 
TIME 
TEMP_TIMER: 
DSW 
-1 
;Period 
and 
Clear 
time 
of 
PWM 
;Time 
value 
used 
for 
the 
HSO 
; set 
and 
clear 
commands 


CSEG 
AT 
2006H 
DCW 
OUTPUT 
; Address 
of 
HSO 
; Interrupt 
Service 
Routine 


CSEG 
AT 
20S0H 


;Load 
the 
stack 
pointer, 
clear 
CAM, unmask 
HSO interrupt, 
;mask 
all 
other 
interrupts 
and 
enable 
interrupt 


LD SP, 
tlOOH 
LDB 
IOC2, 
'11000010B 
LDB 
INT 
MASK, 
'OOOO1000B 
CLRB 
lMASK1 
El 


; Load 
stack 
pointer 
;Clear 
the 
CAM 
; Unmask 
HSO interrupt 
;Mask 
all 
other 
interrupts 
; Enable 
interrupts 


INIT: 


; Po r ce 
a 
call 
to 
output 
routine 


LD TEMP 
TIMER, 
TIMER1 
CALL 
OUTPUT 
BR 
s 


; Initialize 
temp_timer 


;Wait 
here 
for 
interrupt 


;HSO - 
Interrupt 
Service 
Routine 
to 
output 
signal 
using 
HSO.O. 


OUTPUT: 
PUSHA 
;Disable 
interrupts 
ADD TEMP TIMER, 
PERIOD 
;Temp 
timer-temp 
timertperiod 
LOB HSO COMMAND,,001100008 
;Set 
iiso.o 
when 
- 
LD HSO TIME, 
TEMP TIMER 
;timerl 
- 
temp_timer 
+ period 
SKIP 
R'O" 
- 
;Wait 
four 
state 
times 
SKIP 
RC 
;Wait 
four 
state 
times 
LDB 
HSO COMMAND, 
,000000008 
;Clear 
HSO.O 
when 
ADO HSO:TIME, 
TEMP_TIMER, CLEAR_TIME 
; t Imar 
l vt emp 
timer 
+ 
clr 
time 
; Enable 
interrupts 


;Return 


SETO: 


CLEARO: 


POPA 
RET 
END 
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AD 
MODULE MAIN, STACKSIZE 
(20) 
$NOLIST 
INCLUDE 
(C:\INTEL\INCLUDE\aOCI96. 
INC) 
$LIST 


RSEG 
AT 
30H 
RSV: 
DSW 


RSEG 
SAMPLE_TIME 
EOU 
1700 


SAMPLE: 
DSW 
RESULT: 
DSW 


CSEG 
AT 
2002H 
DCW 
GET_RESULT 


; Reserved 
space 
1n RISM 


:The 
HSO ",ill 
start 
an 
AID 
;converslon 
every 
;Timer2 
- 
sample_time 
:A/O converslon 
result 
:A/D 
conversion 
result 


;Address 
of 
A/O Conversion 
r Cornp 
Le t e 
; Interrupt 
Service 
Routine 


r t.oed 
stack. 
pointer, 
disable 
interrupts, 
enable 
CAMlocklng 
function, 
;unmask 
only 
the 
AID 
Conversion 
Complete 
Interrupt, 
and 
enable 
: interrupts 


CSEG 
AT 
20aOH 
INIT: 
LD 
SP, 
tlOOH 
01 
LOB 
IOC2, 
'II000000B 


LOB 
INT 
MASK, 
'02H 
CLRB 
lMASKI 
El 


r r.oed 
stack 
pointer 
;Disable 
interrupts 
;Clear 
CAM, enable 
locking 
; function 
;Unmask AID 
Conversion 
Complete 
;Mask 
all 
other 
interrupts 
:Enable 
interrupts 


COMMAND: 


: Set-up 
an 
AID 
conversion 
on 
AID-channel 
0 that 
the 
HSO unit 
\01111 
; t r igqer. 
Load 
the 
CAMwith 
a 
command to 
start 
the 
AID 
conversion 
and 
;reset 
Timer2 
every 
SAMPLE_TIME. 


LOB lID_COMMAND, 
'0 


LDB 
HSO COMMAND, 
'11001111B 
LD HSO TIME, 
'SAMPLE 
TIME 
SKIP 
Rll 
- 
SKIP 
RO 
LOB 
HSO COMMAND, 
'110011106 
LD HSO TIME, 
'SAMPLE 
TIME 
BR $ 
- 
- 


r conve rs Ion 
on 
ADO started 
by 
;HSO 
:An Conversion, 
locked, 
tirner2 
r Load 
conversion 
starting 
time 
:Wait 
4 state 
times 
:Wait 
4 state 
times 
; Reset 
timer2 
when 
; timer2 
- 
sample 
time 
:Wait 
here 
for 
interrupt 


:A/D 
Conversion 
Complete 
Interrupt 
Service 
Routine 
- 
Read 
the 
AD_RESULT 
:reqisters 
and 
reload 
the 
AD_COMMANDregister 


GET_RESULT: 
PUSHA 
LD RESULT, AD RESULT LO 
SHR 
RESULT, 
,~ 
- 
LD 
SAMPLE, 
RESULT 
LOB lID_COMMAND, 
'0 


POPA 
RET 
END 


Disable 
interrupts 
Load 
ad 
result 
(result 
10 MSBs 
Shift 
result 
(result 
10 
LSBs) 
Save 
result 
in 
sample 
Conversion 
on 
ADO started 
by 
HSO 
Enable 
interrupts 
Return 
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Example 7 shown in Listing 12-7uses Mode I, the stan- 
dard asynchronous mode of the 80CI96KB Serial Port, 
to transmit the message "hello". The program trans- 
mits the first byte of the message then enables the TI 


(Transmit Interrupt). The transmission of the last data 
bit of the message byte causes a TI. The TI forces a call 
to an Interrupt Service Routine. The ISR then trans- 
mits the next byte of the message and the program con- 
trol is returned to the main program where it waits for 
the next TI. 


12.7 Example 7-Using the Serial Port 


Listing 
12-7. 
USing the Serial Port - SP.A96 


$DEBUG 
ERRORPRINT 
NOSYMBOLS 
; * .•..•.•.•.•.•.•.• 
* *** .•* .•** .•*.'* .•.•* ** .•* ** * ** .•* .•.•* ** *** .•* .•* * .•.•** .•* .•* .•.•.•.•.•* ** .•** .•.• 
; 
SP .A96 - 
Using 
the 
Serial 
Por t; 
: * *.* .•* .•.•.•* ** ** * * ** * .•* ** * .•.•* .•.•* * .•* *** * * ** ** .•** .••'"* .•.•.•* .•.•** .•* .•.•* .•• '* .• * .•.•* 
Sec ial 
P 
MODULE MAIN, STACKSIZE 
(20) 
$NOLIST 
INCLUDE 
(C:\INTEL\INCLUDE\80CI96.INCI 
SLIST 


RSEG 
AT 
30H 
RSV: 
DSW 


RSEG 
MESS _ PTR: 
DSW 


CSEG 
AT 
2030H 
DCW 
TRANSMIT 


CSEG 
MESSAGE I : 
DCB 
DCB 
MESSI_END 
EOU 


CSEG 
AT 
2080H 


, HELLO' 
ODH,OAH 
S 


i Reserved 
Space 
in 
RISM 


; Pointer 
into 
message 


: Address 
of 
TI 
; Interrupt 
Service 
Routlne 


:Message 
to 
transmit 
;Carriaqe 
return, 
line 
feed 
; Address 
of 
end of 
message 


;Load 
stack 
pointer, 
enable 
TxO pin, 
unmask 
TI 
interrupt, 
mask 
all 
;other 
interrupts, 
set 
serial 
port 
to 
mode 1, 
load 
the 
baud 
value 
for 
a 


s ba ud rate 
of 
9600 
at 
12 Mhz and 
set 
MSB of 
baud 
value 
to 
indicate 
that 
: XTAL1 is 
the 
clock 
soure 
for 
the 
baud 
rate 
generator 


r Lced 
stack 
pointer 
;Disable 
interrupts 
: Enable 
TxD pin 
rUnmes k TI 
interrupt 
:Mask 
all 
other 
interrupts 
; Set 
serial 
port 
to 
mode 
1 
r r.oed 
least 
significant 
byte 
of 
;baud 
value 
;Load 
most 
significant 
byte 
of 
rbe ud value 
with 
MSB - 
1 to 
; indicate 
XTALl as 
the 
baud 
: rate 
source 
: Enable 
interrupts 
El 


:Send 
the 
first 
byte 
of 
message1, 
the 
following 
message 
bytes 
are 
sent 
i in 
the 
TI 
interrupt 
service 
routine 


:Messytr 
- 
address 
of 
message1 
;Wait 
till 
serial 
buffer 
is 
:empty 
;Send 
first 
byte 
of 
message 
;Wait 
here 
for 
TI 
interrupt 


TRANSMIT: 


;TI 
Interrupt 
Service 
Routine 
- 
Check 
for 
end 
of 
message, 
if 
not 
at 
rend 
of 
message 
send 
the 
next 
byte 
of 
message1 


:Disable 
interrupts 
: If 
at 
message 
end 
goto 
return 


:Load 
next 
byte 
of 
messagel 
; Enable 
interrupts 
: Return 


:Last 
line 
must 
be 
end 
272116-41 


INIT: 
r.o 
SP, 
,100H 
DI 
LD 
lOCI, 
120H 
LDB 
lMASKI, 
f1 
CLRB 
INT 
MASK 
LOB 
SP 
CON, 
f1 
LDB 
BAUD_RATE, 
177D 


LOB BAUD_RATE,'SOH 


WAIT: 


LO MESS PTR, 
'MESSAGE1 
JBC SP_STAT, 
3, 
WAIT 


LDB 
SBUF, 
[MESS_PTRJ+ 
BR s 


RETURN: 


PUSHA 
CMP MESS 
PTR, 
IMESSl 
END 
BE 
RETURN 
- 
LDB 
SBUF, 
[MESS_PTRJ 
+ 
POPA 
RET 


END 
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Several different combinations of addressing and data 
bus modes exist on the 80C196KB. External memory is 
addressable through the ADO-ADI5 
lines. These lines 
form a multiplexed 16-bit address and data bus. The 
standard data bus mode uses a l6-bit data bus. Other 
data bus modes include an 8-bit only external bus 
mode, and a data bus mode that can switch dynamical- 
ly between 8 bits and 16bits. The address bus is always 
16 bits wide. The address/data 
bus shares pins with 
ports 3 and 4. 


An 8-bit system with EPROM and RAM is shown in 
Figure 13-1. The EPROM is addressable through the 
lower half of memory, and the RAM is addressable 
through the upper half. The diagram in Figure 13-2 
shows a simple 16-bit system with 2 EPROMs. 
The 
first EPROM contains the even bytes while the second 
EPROM contains the odd bytes. Shown in Figure 13-3 
is a system using the dynamic bus width. The two 
EPROMs contain the executable code and the single 
RAM provides for external data storage. Note the sys- 
tem uses AD15 as the Chip Select, and as input to the 
BUSWIDTH pin to select an 8-bit cycle. 


AI5 
CS 
CS 


HIGH ADDRESS 
HIGH ADDRESS 


DATA 
DATA 


EPROM 
RAM 


LOW ADDRESS 
LOW ADDRESS 


Of 
Of 
WE 


AD8- 
I51-------1 


ALE/ADV I-----J 


~ ~--------~-----~ 


WR I-----------------~ 
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Figure 13-1. 8-Blt System with EPROM and RAM 


CS 
A8-15 
cs 


HIGH ADDRESS 
HIGH ADDRESS 


EPROM 
DATA 
(Low) 
ALE/ADV 
EPROM 
(High) 
DATA 


ADO-7 
LOW ADDRESS 
LOW ADDRESS 


8XC196KB 
Of 
Of 
~ 
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Figure 13-2. 16-Bit System with EPROM 
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A15 


BUSWIDTH 


AD8-15 
cs 
A8-15 
HIGH ADDRESS 


ALE/ADV 


•••• 
__ 
••• 
DATA 


EPROM 
(High) 


ADO-7 
LOW ADDRESS 


8XC196KB 


RD 


WR 


RAM 


.5E 
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Figure 13-3. 16-Blt System with Dynamic Bus Width 


Figure 13-4 is a schematic of a typical minimal system 
using the 80C196KB. The address/data bus is demulti- 
plexed by latches U3 and U4. US and U7 are connected 
as odd and even bytes of l6-bit wide EPROM. Note 
that bus address line AOis not required for these devic- 
es, as they are always addressed in increments of 2 
bytes (AOis a don't care). U6 is a byte-wide RAM chip. 


Address mapping and BUSWIDTH is determined by 
U8, a PAL. The RESET signal is generated by an R-C· 
network, U2A, U2B and D2. U2 is a Schmitt trigger 
which generates a fast edge from the R-C 
network 
slow rise time. D2 is used as a "wired or" gate to the 
RESET pin on the 8OC196KB. This is necessary to 
avoid signal contention as the RESET pin is both an 
input and an output from the 80C196KB. 
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14.0 
PORT RECONSTRUCTION 


External memory systems for the 80CI96KB use a 
multiplexed address/data 
bus (ADO-ADI5) 
which 


shares pins with I/O Ports 3 and 4-.Ports 3 and 4 are 
read and written at locations 1FFEH and 1FFFH. If 


EA is high, accessing locations IFFEH and IFFFH 
reads/writes to Ports 3 and 4. However, if EA is low, 
locations IFFEH and IFFFH act as memory locations, 
not ports. Thus, to use Ports 3 and 4 under these condi- 
tions requires a port reconstruction circuit. Shown in 
Figure 14-1is a port reconstruction circuit that uses a 
memory mapped I/O technique. 


~--------~I-~--------------~ 


8 
74lS 
ADO-AD7---------+--~~~~ 
~ 
(X1\-'4 


OUTPUT 


74LS 
05 
(x1\-'4 
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P3 
8 
8 


WRH--------~~--~~--------------_, 


AD8-AD15---------+---.~~~ 


ClK 


8 
74lS 
8 
8 
74LS 
74LS 
~ 
05 
P4 
(x1\-'4 
273 
(X1YZ) 
ClR 


INPUT 


ADO-AD7 
• 
AD8-AD15 


RESET---------+------------------------~--~ 


ADDR = P3,P4-------- 
...•... 
~--""'I 


RD -----------<1( 


This application note presented an overview of the 
8OC196KBand provided software examples using its 
key features. Inte1supports application development of 
its 8OC196KBwith a complete set of development lan- 
guagesand utilities. These tools include ACEI96, a ma- 
croassembler (ASM96), a PL/M compiler (PLM96), a 
C compiler (iC96), linker/re1ocator program (RL96), 
floating point arithmetic library utility (FPAL96), a li- 
brarian 
utility 
(LIB96) 
and 
object-to-hex 
utility 


(OH96). ACE196 software is a PC-based expert system 
to guide you through detailed documentation training 
and includes: a hypertext manual, peripheral design 
modules and an assembler editor. Contact your local 
sales officefor more information on the 80C196KBand 
its hardware and software development tools. 


15.0 
CONCLUSION 


Figure 14-1. I/O Port Reconstruction 
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Converting applications that use an 8X9X-90 to use an 
8X9XBH requires consideration of a few of the BH 
enhancements. Descriptions of each of the differences 
between the -90 and the BH follow, along with a discus- 
sion of the implications of the change. 


BHE and INST are latched: The bus control signals 
BHE and INST are valid throughout the bus cycle on 
8X9XBH devices. ON -90 devices, these signals need to 
be latched on the falIing edge of ALE. 


Byte Read following RESET rising: The bus control 
and buswidth options of 8X9XBH devices are selected 
by configuration of the chip immediately following the 
rising edge of RESET. During the usual 10 state reset 
sequence, BH parts will perform a byte read of location 
2018H to acquire configuration information prior to 
fetching the first opcode at location 2080H. The 8X9X- 
90 does not perform this read. 


ALE is high while in reset: The ALEI ADV pin of the 
8X9XBH is driven high while the RESET pin is held 
low. On -90 devices, ALE is driven low while in RE- 
SET. Circuits which rely on the state of ALE while 
RESET is low must be modified. The reset state of 
ALE was changed to enable implementation 
of the 
Chip Configuration Byte read from external memory 
following the rising edge of RESET. 


EA is latched on RESET rising: The 8X9XBH latches 
the value of EA on the rising edge of RESET. On -90 
devices, EA was not latched and could be changed 
without placing the part in RESET. This change was 
necessary to enhance ROM/EPROM 
security. Circuits 
that rely on EA not being latched must be modified. 


AID speed increased: The 8X95BH and 8X97BH AID 
converters complete conversion in 88 state times. On - 
90 devices with AID converters, a conversion takes 168 
state times. This translates in an increased conversion 
speed from 42IJ.s on -90 parts to 22IJ.s on BH parts 
running at 12MHz. Software that relies upon the speed 
of conversion for timing must be changed. It is also 
recommended that MCS-96 software be written so as to 
not be impacted by further changes in AID conversion 
speed. 


Sample/Hold 
on AID: The 8X95BH and 8X97BH 
have a samplelhold on the input of the AID converter. 
8X9X-90 devices with AID 
converters do not have 
samplelhold circuitry. External analog circuitry which 
also includes a sample/hold must provide a settled ana- 
log input within the first four state times of 8X9XBH 
conversion. 


Duplicate Fetches: The 8X9XBH bus controller was 
made more aggressive when it comes to instruction 
fetches in order to minimize the execution speed degra- 


dation of using an 8-bit bus. As a result, instruction 
fetches over a 16-bit bus sometimes occur when there is 
no space in the prefetch queue to store the fetched op- 
codes. This requires another instruction fetch from the 
same address when space in the prefetch queue opens 
up. 


To the external system, these occurrences appear as du- 
plicate instruction fetches. An estimated 10 percent of 
all instruction fetches will be "duplicates", while over- 
all bus loading will be approximately 65 to 70 percent, 
compared to an 8X9X-90 bus loading of approximately 
55 to 60 percent. Execution speed is not impacted by a 
duplicate fetch. 


Write Pulse Width: The 8X9XBH 
l6-bit bus write 
pulse width is one Tosc longer than on the 8X9X-90, 
thus allowing slower memories and peripherals to be 
used. In order to widen the WR pulse width, the time 
between the end of WR and the next ALE was reduced 
by Tosc. Note that the signals WRL, WRH, and WR 
with an 8-bit bus are still the same width as on -90 
parts. 


Vpp Replaces VBB: Vpp is the programming pin for 
EPROM 
devices. Systems that have this connected 
through a capacitor to ANGND (required on 8X9X-90 
parts) do not need to change. ANGND 
must be held 
nominally at the same potential as VSS,and Vpp must 
NOT be connected to Vcc. High voltage must NEVER 
be placed on the Vpp pin of a ROM device. 


While there is almost no reason to do so, an application 
should not attempt to execute with the EA pin at logic 
zero and VCC at 5.5 VDC on an 879XBH EPROM 
device. Additionally, the design should always begin 
the "out of RESET" code execution from the internal 
EPROM, immediately after the power-on sequence. 


Reserved location warning: Intel reserved addresses can 
not be used by applications which use 8X9XBH inter- 
nal ROM/EPROM. 
The data read from a reserved lo- 
cation is not guaranteed, and a write to any reserved 
location could cause unpredictable results. When at- 
tempting to program Intel Reserved addresses, the data 
must be OFFFFH 
to ensure a harmless result. 


Intel Reserved locations, when mapped to external 
memory, must be filled with OFFFFH 
to ensure com- 
patibility with future parts. 


A positive transition on NMI: The 8X9XBH does not 
clear the Watchdog Timer. The 8X9X-90 does clear the 
WDT on a positive transition of NMI, and both part 
vector to external address OOOOH. 


The following is the latest information on upgrading a 
NMOS 8096 to a CHMOS 80C196. 


5-360 


intet 
AB-32 


The chip which is the CHMOS 8096BH replacement is 
designated the 80C196. The part can be configured to 
be pin compatible with the 8096, but because of the 
process change and other enhancements, it may not be 
plug compatible in some designs. This is to say that you 
will not be able to arbitrarily swap out a NMOS 8096 
and replace it with the 8OC196.However, if a few rules 
are followed the changes required will be almost pain- 
less. 


80C196 
OVERVIEW 


First, some background on the 8OC196is needed. The 
opcode set is a true superset of the 8096, but some en- 
hancements have been made to the peripherals and tim- 
ings. The crystal is divided by 2 on the 80C19ti, instead 
of 3, as on the 8096. This means that the 80C196 run- 
ning at 8 MHz will have a 250 ns state time, Just like an 
8096 running at 12 MHz. 


An 80C196 running at 8 MHz will emulate an 8096 at 
12 MHz except that some of the instructions and pe- 
ripherals will operate faster. The instructions which 
will be speeded up include mul, div, interrupt, call, ret, 
and jumps. The serial port will require a different baud 
value and the A to D may not run at exactly the same 
speed. This means that timing loops which measure in- 
struction speed or A to D completion speed may have 
to be modified. The bus timings, while not nanosecond 
for nanosecond compatible, will work in most systems. 


DESIGN 
GUIDELINES 


1. Do not use undefined register areas for storage or 
depend on them to return a specific value if it is not 
stated in the Embedded Controller. Undefined regis- 
ters and locations on this, or any other, part should 
be considered off-limits and reserved for develop- 
ment systems, testing or future use. 
2. Do not base timings loops on instruction execution 
times, as some instructions may execute faster on the 
8OCl96 than on the 8096, even when the 80CI96 is 
slowed down to 8 MHz, its 8096 compatible rate. 
Counter-type loops should be initialized with values 
that can easily be changed at compile time. 


3. Do not base critical timings on interrupt responses, 
A to D completions, flag settings, etc. This is for the 
same reason as above; some of these responses may 
be slightly different from those on the 8096. Timer 1 
is provided for critical timings. With an 8 MHz crys- 
tal, it will increment every 2 microseconds, just as an 
8096 running at 12 MHz. 
4. The serial port baud register values should be easily 
changeable at compile time. Since the serial port is 
now capable of running at a higher frequency, a dif- 
ferent baud rate value will be needed. 


5. The circuitry interfacing to the chip should be capa- 
ble of interfacing to the 80C196. The I/O lines on 
80C196 will look a lot like those on the 80C51. 


6. The BHE/WRH 
signal in eight bit and write strobe 
mode will go low for odd byte transfers and high for 
even byte transfers. The WR/WRL 
signal will go 
low for odd byte transfers and high for even byte 
transfers. Normally, the WR/WRL 
signal should go 
low for odd and even byte transfers since transfers 
are on the low byte of the data bus. 
7. PUSH and POP operations addressed relative to the 
stack pointer work differently on the 8OC196than on 
the 8096. On the 8096, the address is calculated 
based on the un-updated stack pointer value, on the 
80C196, the address is calculated based on the up- 
dated value. The only operations effected are: PUSH 
xxlsp], PUSH 
lspl, PUSH sp, POP xxjsp], POP 
[spl, POP sp. 


8. The VpD pin on the 8X9X parts is now the CDE 
• 
(Clock Detect Enable) pin on the 8OC196.When tied 
high, CDE enables a clock speed sensor and will re- 
set the part if the Xtall frequency drops below a few 
hundred KHz. While this is perfect for most produc- 
tion boards, it may be desirable to have a jumper 
option on this function for evaluation boards. 
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This Application Brief presents two examples of a pag- 
ing scheme for the 8096, allowing either 256K bytes of 
total memory, or 544K bytes of total memory. Both 
systems utilize PORTI as the output for the upper ad- 
dress lines. Because Interrupt vectors, and other critical 
sections of code must always be present, addresses 
0-7FFFH 
always refer to the same main page. The 
PORTI 
upper addresses only affect addresses 8000- 
FFFFH, by slapping several 32K pages in and out. 


THE 256K SYSTEM 


Hardware 


The hardware for the 256K system (see Figures 4 & 5, 
an example with 128K ROM and 128K RAM) utilizes 
a 74LS157 quad 2 to 1 multiplexer. The enable pin of 
the 74LS157 is tied to the inverted AI5 signal, which is 
the latched addr/data 
15 (ADI5) signal from the 96. In 
this way, when AI5 is low, the 74LSI57 is disabled and 
all its outputs 
are low. Particularly, 
MA17 is low, 
which selects the 27512 and deselects the rams. Also, 
MA15 and MA16 are low, which guarantee that ad- 
dresses 0-7FFFH of the 27512 are accessed. 


When A15 is high, the 74LS157 is enabled to pass 
MAI5 
- MA17 values. The bank select pin of the 
74LS157 is connected to the INST pin of the 96. When 
the INST pin is high, for a code access, INSTA15 - 
INSTA17 
(PORTI.O 
- PORT1.2) 
are used. When 
INST is low, for a data read or write, DATAA15 - 
DATAA17 (PORT1.3 - PORT 1.5) are used. This al- 
lows for the use of separate pages for code and data 
without having to change the upper address lines each 
time. Also, it is possible to select a ROM page for a 
data table, or load a RAM page with executable code 
downloaded 
from 
another 
source. 
PORT1.6 
and 
PORT1.7 can still be used as I/O ports. If a -90 part 
were used, the INST pin would need to be latched since 
it is only valid during the address output on the bus 
pins. 


This system was designed to get the maximum amount 
of memory with a minimum amount of hardware. The 


amount of ROM and RAM was picked arbitrarily, and 
could be reconfigured in various ways, however, this 
may require slight modifications or additions to the de- 
coder circuitry. This setup has a main page at addresses 
0-7FFFH, 
and upper pages 1-7 at addresses 8000- 
FFFFH. 
Note that upper page 0 is the same as the 
main page. The WRL and WRH feature of the BH part 
was used to allow for byte writes to RAM. If the -90 
part were to be used, additional logic would be neces- 
sary to generate these signals from WR and BHE. 


The RAM chips utilized were NEe uPD43256-15 32K 
x 8 static rams with an access time of 15Ons. The 
ROMs were Intel 27512 64K x 8 EPROMs with an 
access time of 200ns. The decoder circuitry used was 
entirely LS TTL. Using an 8097BH running at lOMHz, 
there was ample time for address decoding and memory 
access. Timing analysis showed that 12MHz operation 
would also be accommodated easily. If slower memo- 
ries are used, further analysis would be necessary. Also, 
it would be possible to switch to S TTL to greatly de- 
crease the decoding response time. 


Software 


When using this system there are several things to keep 
in mind when preparing the software. 


Since ASM96 
will only 
allow 
addresses 
from 
0- 


FFFFH, it is necessary to generate each page of code in 
a separate file. These pages should not be linked togeth- 
er, but rather should each be used to program the prop- 
er section of the EPROM associated with that page. 
The main page routine should be coded with addresses 
from 0-7FFFH, and each of the upper pages should be 
coded with addresses from 8000-FFFH. Because link- 
ing is not possible, each module should contain a table 
of constants which defines the symbols used in other 
modules. These values are easily obtained from the list- 
ing file, which can be created using zeros in the table 
the first time. The addresses of the pages in a 27512 
after splitting low and high bytes into 2 EPROMs are 
shown in Figure 1. 


EPROM 
LOCATION 
U5 


EPROM 
LOCATION 
U6 


MAIN 
PAGE 
LOW 


PAGE1 
LOW 
BYTES 


PAGE2 
LOW 
BYTES 


PAGE3 
LOW 
BYTES 


OH 
OH 
MAIN 
PAGE 
HIGH 


PAGE1 
HIGH 
BYTES 


PAGE2 
HIGH 
BYTES 


PAGE3 
HIGH 
BYTES 


3FFFH 


4000H 


3FFFH 


4QOOH 


7FFFH 


8000H 


7FFFH 


8000H 


BFFFH 


COOOH 


BFFFH 


COOOH 


FFFFH 
FFFFH 


RAM 
RAM 
LOCATION 
LOCATION 
U7 
U8 


OH 
PAGE4 
OH 
PAGE4 
LOW 
HIGH 
3FFFH 
BYTES 
3FFFH 
BYTES 


400QH 
PAGE5 
4000H 
PAGE5 
LOW 
HIGH 
7FFFH 
BYTES 
7FFFH 
BYTES 


U9 
U10 


OH 
PAGE6 
OH 
PAGE6 
LOW 
HIGH 
3FFFH 
BYTES 
3FFFH 
BYTES 


4000H 
PAGE7 
4000H 
PAGE7 
LOW 
HIGH 
7FFFH 
BYTES 
7FFFH 
BYTES 


Figure 1. The Current 
System 
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EPAOM 
LOCATION 
U6 


EPAOM 
LOCATION 
U7 


EPAOM 
LOCATION 
U8 


EPAOM 
LOCATION 
US 


MAIN 
PAGE 
LOW 


PAGE1 
LOW 
BYTES 


PAGE2 
LOW 
BYTES 


PAGE3 
LOW 
BYTES 


MA1N 
PAGE 
HIGH 


PAGE1 
HIGH 
BYTES 


PAGE2 
HIGH 
BYTES 


PAGE3 
HIGH 
BYTES 


OH 
OH 


3FFFH 


4000H 


3FFFH 


4000H 


7FFFH 


8000H 


7FFFH 


8000H 


BFFFH 


COOOH 


BFFFH 


COOOH 


FFFFH 
FFFFH 


OH 
PAGE4 
HIGH 
BYTES 


PAGES 
HIGH 
BYTES 


PAGE6 
HIGH 
BYTES 


PAGE7 
HIGH 
BYTES 


OH 
PAGE4 
LOW 
BYTES 


PAGES 
LOW 
BYTES 


PAGE6 
LOW 
BYTES 


PAGE7 
LOW 
BYTES 
FFFFH 


3FFFH 


4000H 


3FFFH 


4000H 


7FFFH 


8000H 


7FFFH 


8000H 


BFFFH 


COOOH 


BFFFH 


COOOH 


FFFFH 


Figure 2. A System 
Using all EPROMS 
and no RAM 


All changes to the upper 
instruction 
addresses of 
PORTI 
must be made by code located in the main 
page. A listing of subroutines for use in the main page, 
and a listing of macros for use in all pages is provided. 
By invoking one of these macros the programmer can 
easily transfer from one page to another, or select a new 
data page. The subroutines should not be called direct- 
ly, they should be entered by using the appropriate 
macro. The subroutines should be located at the ad- 
dresses 
specified, 
otherwise 
the 
macros 
must 
be 
changed as they are written to call an absolute address 
in the main page. Also, any hardware changes may ren- 
der the software inoperative. 


Because the WRL- WRH feature of the 96BH is used, 
the correct Chip Configuration Register value of OFBH 
must be loaded into the ROMs at address 2018H. This 
is done in the main code file with the following state- 
ments: 


CSEG AT 2018H 


CCR: DCB OFBH 
;VALUE FOR CHIP 
CONFIGURATION 
REGISTER 


Finally, it is necessary to initialize the DATA address 
at the start of the program this can be done using the 
NEW_DATA_PAGE 
MACRO. 


THE 544K SYSTEM 


Hardware 


The hardware for the 544K system (see Figures 6 & 7, 
an example with 288K ROM and 256K RAM) has 
some slight changes from the 256K system. 


First, all pins of PORT I are now in use as address lines. 
This allows for PORTI to select 16 pages of memory, 
with a different address for instructions or data. 


Second, 27128 16K x 8 EPROMS have been added for 
use as the main code page. In this system, the main 
page is physically separate from upper page O. The 
27128's are selected by AI5 being low. The upper pages 
of memory are selected when AI5 is high which enables 
the 74LSI55 demuitiplexer which is used for address 
decoding. When the 74LSI55 is disabled, its outputs 
are all high, which disables all upper memories. The 
74LSI57 is enabled all the time, to speed up address 
decoding, 
as its outputs 
do not matter 
when the 
74LSI55 is disabled. 


Software 


All rules for the 256K system apply to the 544K sys- 
tem, except that the main page no longer overlaps page 
O.However, because all of PORT I is now in use, differ- 
ent macros and subroutines must now be used. These 
have been included also. 


THE INST PIN 


The instruction pin has been verified to work correctly 
on the 8X9X- 90, 8X9XBH, and the 80C196. The func- 
tionality of the INST pin is as follows. 


Instruction 
Fetches 


The INST pin is high during an external memory read 
indicating the read is an instruction fetch. This includes 
immediate data reads since the data is embedded in the 
code. 


Data Reads and Writes 


The INST is low during an external memory read or 
write indicating the bus cycle is a data cycle. This 
would be indirect and indexed instructions which are 
directed at external memory. 
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RAM 
RAM 
RAM 
RAM 
LOCATION 
LOCATION 
LOCATION 
LOCATION 
U11 
U12 
U13 
U14 


OH 
PAGE8 
OH 
PAGE8 
OH 
PAGE10 
OH 
PAGE10 
LOW 
HIGH 
LOW 
HIGH 
3FFFH 
BYTES 
3FFFH 
BYTES 
3FFFH 
BYTES 
3FFFH 
BYTES 


4000H 
PAGE9 
4000H 
PAGE9 
4000H 
PAGE11 
4000H 
PAGE11 
LOW 
HIGH 
LOW 
HIGH 
7FFFH 
BYTES 
7FFFH 
BYTES 
7FFFH 
BYTES 
7FFFH 
BYTES 


U15 
U16 
U17 
U18 


OH 
PAGE12 
OH 
PAGE12 
OH 
PAGE14 
OH 
PAGE14 
LOW 
HIGH 
LOW 
HIGH 
3FFFH 
BYTES 
3FFFH 
BYTES 
3FFFH 
BYTES 
3FFFH 
BYTES 


4000H 
PAGE13 
4000H 
PAGE13 
4000H 
PAGE15 
4000H 
PAGE15 
LOW 
HIGH 
LOW 
HIGH • 


7FFFH 
BYTES 
7FFFH 
BYTES 
7FFFH 
BYTES 
7FFFH 
BYTES 


Figure 3. The 544K Memory 
Map 
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OH 
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3FFFH 


4000H 


3FFFH 


4000H 


3FFFH 
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7FFFH 


8000H 
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8000H 


7FFFH 
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7FFFH 


8000H 
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COOOH 


BFFFH 


COOOH 


BFFFH 


COOOH 


BFFFH 
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FFFFH 
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P3.I/BI 
II 
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01 
01 
S 
MA9 
ADI0 
7 
6 
MAI0 
ADII 
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02 
9 
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ADI2 13 
03 
03 
12 MAI2 
ADI3 14 
04 
04 
IS MAI3 
ADI4 17 
OS 
OS 
16 MAI4 


ADIS 18 
06 
06 
19 AIS 
07 
07 


74LS373 


NOTE: 
All other 
connections 
should 
be made as specified 
in current 
Embedded 
Controller 
Handbook, 


Figure 4. 128K ROM + 128K RAM Memory 
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;MACROS FOR 256K SYSTEM 


;LONG_BRANCH IS INVOKED TO BRANCH FROM ONE PAGE TO ANOTHER. 
;ADDRESS MUST HAVE A VALUE FROM aOOOH TO FFFFH. 
;NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


MACRO 
LD 
LDB 
BR 
ENDM 


ADDRESS, 
NEW_PAGE 
CODE_ADDRESS, 
#ADDRESS 
;SET UP CODE_ADDRESS 
REGISTER 
NEW_PAGE_NO, 
NEW_PAGE 
;SET UP NEW_PAGE_NO 
REGISTER 
7FFOH 
;BRANCH TO I_P_BRANCH 


;LONG_CALL 
IS INVOKED TO CALL A SUBROUTINE 
IN ANOTHER 
PAGE. 
;ADDRESS MUST HAVE A VALUE FROM aOOOH TO FFFFH. 
;NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


MACRO 
LD 
LDB 
CALL 
ENDM 


ADDRESS, 
NEW3AGE 
. 


CODE_ADDRESS, 
#ADDRESS 
;SET UP CODE_ADDRESS 
REGISTER 
NEW_PAGE_NO, 
NEW_PAGE 
;SET UP NEW_PAGE_NO 
REGISTER 
7FCOH 
;CALL I_P_CALL 


;PUSH_OLD_DATAPAGE 
IS INVOKED TO INSTALL A NEW DATA PAGE AND SAVE 


;THE OLD VALUE ON THE SYSTEM STACK. 
;NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


PUSH_OLD_DAPAG 
MACRO 
LDB 
PUSH 
LDB 
ANDB 
SHLB 
ANDB 
ORB 
ENDM 


NEW_PAGE 
AL, PORTl 
AX 
AL, NEW_PAGE 
AL, #OOOOOllIB 
AL, #3 
PORTI, #IIOOOIIIB 
PORTl, AL 


;GET OLD PAGE NUMBER ••• 
;STORE IT ON THE STACK 
;GET NEW DATA PAGE NUMBER ••• 
;MASK IT••• 
;SHIFT IT TO PROPER 
POSITION ••• 
;CLEAR THE OLD ONE ••• 
;AND LOAD IN NEW ONE 


;POP_OLD_DATAPAGE 
IS INVOKED TO REINSTALL 
AN OLD DATA PAGE THAT WAS SAVED 


;ON THE SYSTEM STACK BY PUSH_OLD_DATAPAGE. 


POP_OLD_DAPAG 
MACRO 
POP 
ANDB 
ANDB 
ORB 
ENDM 


AX 
AL, #OOlllOOOB 
PORTI, 
#IIOOOIIIB 
PORTl, AL 


;RECALL OLD PAGE NUMBER •.• 
;MASK OLD ONE FOR DATA PAGE ••• 
;CLEAR NEW DATA PAGE ••• 
;AND LOAD IN OLD ONE 


;NEW_DATA_PAGE 
IS INVOKED TO INSTALL A NEW DATA PAGE. 
;NEW_PAGE CAN BE AN IMMEDIATE NUMBER 
OR A REGISTER 
NUMBER. 


NEW_DATA_PAGE 
MACRO 
LDB 
ANDB 
SHLB 
ANDB 
ORB 
ENDM 


NEW_PAGE 
AL, NEW_PAGE 
AL, #OOOOOlllB 
AL #3 
PORTI, #IIOOOIIIB 
PORTl, AL 


;GET NEW DATA PAGE NUMBER ••• 
;MASK IT ••• 
;SHIFT IT TO PROPER POSITION ••• 
;CLEAR THE OLD ONE ••• 
;AND LOAD IN NEW ONE 
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;SUBROUTINES 
FOR 256K SYSTEM 


CSEG AT 7FCOH 


;SUBROUTINE: 
I_P_CALL 
THIS SUBROUTINE 
ALLOWS 
FOR THE CALLING 
OF SUBROUTINES 
LOCATED 
IN 
A DIFFERENT 
PAGE OF MEMORY. 


PARAMETERS: 
SUBROUTINES: 


LP_CALL: 
LDB 
PUSH 
ANDB 
ANDB 
ORB 
PUSH 
BR 


CODE_ADDRESS, 
NEW_PAGE_NO 
ANY THAT ARE REQUESTED. 


AL, PORTl 
AX 
PORTi, 
#lllllOOOB 
NEW_PAGE_NO, 
#OOOOOlllB 
PORTi, 
NEW_PAGE_NO 
#LP_RETURN 
[CODE_ADDRESS] 


AX 
PORTi, 
#lllllOOOB 
AL, #OOOOOlllB 
PORTl, 
AL 


CODE_ADDRESS, 
NEW_PAGE_NO 
NONE 


PORTi, 
#lllllOOOB 
NEW_PAGE_NO 
#OOOOOlllB 
PORTi, 
NEW_PAGE_NO 
[CODE_ADDRESS] 


;GET OLD PAGE NUMBER ••• 
;STORE IT ON THE STACK 
;CLEAR OLD INST PAGE ••• 
;MASK NEW ONE ••• 
;AND LOAD 
IT IN 
;SAVE RETURN ADDRESS ••• 
;CALL REQUESTED 
ROUTINE 


;RECALL OLD PAGE NUMBER ••• 
;CLEAR NEW INST PAGE ••• 
;MASK OLD ONE ••• 
;AND LOAD IT IN 
;RETURN TO CALLING ROUTINE 


;SUBROUTINE: 
I_P_BRANCH 
THIS SUBROUTINE 
ALLOWS 
FOR BRANCHING 
TO LOCATIONS 
IN A DIFFERENT 
PAGE OF MEMORY. 


LP_RETURN: 
POP 
ANDB 
ANDB 
ORB 
RET 


CSEG AT 7FFOH 


PARAMETERS: 
SUBROUTINES: 


ANDB 
ANDB 
ORB 
BR 
ROUTINE 
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;CLEAR OLD INST PAGE ••• 
;MASK NEW ONE ••• 
;AND LOAD 
IT IN 
;BRANCH TO REQUESTED 
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270522-8 


NOTE: 
All other 
connections 
should 
be made as specified 
in current 
Embedded 
Controller 
Handbook. 


Figure 
6. 288K ROM + 256K RAM Memory 
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;MACROS FOR 544K 
SYSTEM 


;LONG_BRANCH 
IS INVOKED 
TO BRANCH 
FROM ONE PAGE 
TO ANOTHER. 
;ADDRESS MUST HAVE A VALUE 
FROM 
8000H 
TO FFFFH. 
;NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


MACRO 
LD 
LDB 
BR 
ENDM 


ADDRESS, 
NEW_PAGE 
CODE_ADDRESS, 
#ADDRESS 
;SET UP CODE_ADDRESS 
REGISTER 
NEW_PAGE_NO, 
NEW_PAGE 
;SET UP NEW_PAGE_NO 
REGISTER 
7FFOH 
;BRANCH TO I_P_BRANCH 


LONG_CALL 
IS INVOKED 
TO CALL A SUBROUTINE 
IN ANOTHER 
PAGE. 
;ADDRESS MUST HAVE A VALUE 
FROM 8000H 
TO FFFFH. 
;NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


MACRO 
LD 
LDB 
CALL 
ENDM 


, 


ADDRESS, 
NEW_PAGE 
CODE_ADDRESS, 
#ADDRESS 
NEW_PAGE_NO, 
NEW_PAGE 
7FCOH 


;SET UP CODE_ADDRESS 
REGISTER 
;SET UP NEW_PAGE_NO 
REGISTER 
;CALL LP_CALL 


;PUSH_OLD_DATAPAGE 
IS INVOKED 
TO INSTALL 
A NEW DATA PAGE AND 
SAVE THE OLD 


;VALUE ON THE SYSTEM 
STACK. 
;NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


PUSH_OLD_DAPAG 
MACRO 
LDB 
PUSH 
LDB 
SHLB 
ANDB 
ORB 
ENDM 


NEW_PAGE 
AL, PORTI 
AX 
AL, NEW_PAGE 
AL, #4 
PORTI, 
#OOOOIIIIB 
PORTl, 
AL 


;GET OLD PAGE NUMBER ••• 
;STORE IT ON THE STACK 
;GET NEW DATA PAGE NUMBER: •• 
;SHIFT IT TO PROPER 
POSITION ••• 
;CLEAR THE OLD ONE ••• 
;AND LOAD 
IN NEW ONE 


;POP_OLD_DATAPAGE 
IS INVOKED 
TO REINSTALL 
AN OLD DATA PAGE 
THAT WAS 
SAVED 


;ON THE SYSTEM 
STACK BY PUSH_OLD_DATAPAGE. 


POP_OLD_DAPAG 
MACRO 
POP 
ANDB 
ANDB 
ORB 
ENDM 


AX 
AL, #lllIOOOOB 
PORT I , #OOOOIIIIB 
PORTl, 
AL 


;RECALL OLD PAGE NUMBER ••• 
;MASK OLD ONE FO~ DATA 
PAGE ••• 
;CLEAR NEW DATA PAGE ••• 
;AND LOAD 
IN OLD ONE 


;NEW_DATA_PAGE 
IS INVOKED 
TO INSTALL 
A NEW DATA PAGE. 


;NEW_PAGE CAN BE AN IMMEDIATE 
NUMBER 
OR A REGISTER 
NUMBER. 


NEW_DATA_PAGE 
MACRO 
LDB 
SHLB 
ANDB 
ORB 
ENDM 


NEW_PAGE 
AL, NEW_PAGE 
AL, #4 
PORTI, 
#OOOOIIIIB 
PORTl, 
AL 


;GET NEW DATA PAGE NUMBER ••• 
;SHIFT IT TO PROPER 
POSITION ••• 
;CLEAR THE OLD ONE ••• 
;AND LOAD 
IN NEW ONE 
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CSEG AT 7FCOH 


;SUBROUTINES FOR 544K SYSTEM 


;SUBROUTINE: 
I_P_CALL 
THIS SUBROUTINE 
ALLOWS 
FOR THE CALLING 
OF SUBROUTINES 
LOCATED 
IN 
A DIFFERENT 
PAGE OF MEMORY. 


PARAMETERS: 
SUBROUTINES: 


LDB 
PUSH 
ANDB 
ANDB 
ORB 
PUSH 
BR 


CODE_ADDRESS, 
NEW_PAGE_NO 
ANY THAT ARE REQUESTED. 


AL, PORTl 
AX 
PORTl, #llllOOOOB 
NEW_PAGE_NO, 
#OOOOllllB 
PORTl, NEW_PAGE_NO 
#LP_RETURN 
[CODE_ADDRESS] 


AX 
PORTl, #llllOOOOB 
AL, #OOOOllllB 
PORTl, AL 


CODE_ADDRESS, 
NEW_PAGE_NO 
NONE 


PORTl, 
#llllOOOOB 
NEW_PAGE_NO, 
#OOOOllllB 
PORTl, NEW_PAGE_NO 
[CODE_ADDRESS] 


;GET OLD PAGE NUMBER ••• 
;STORE IT ON THE STACK 
;CLEAR OLD INST PAGE ••• 
;MASK NEW ONE ••• 
;AND LOAD IT IN 
;SAVE RETURN 
ADDRESS ••• 
;CALL REQUESTED 
ROUTINE 


;RECALL OLD PAGE NUMBER ••• 
;CLEAR NEW INST PAGE ••• 
:MASK OLD ONE ••• 
;AND LOAD IT IN 
;RETURN TO CALLING ROUTINE 


;SUBROUTINE: 
I_P_BRANCH 
THIS SUBROUTINE 
ALLOWS 
FOR BRANCHING 
TO LOCATIONS 
IN A DIFFERENT 
PAGE OF MEMORY. 
•• 


POP 
ANDB 
ANDB 
ORB 
RET 


;CLEAR OLD INST PAGE ••• 
;MASK NEW ONE ••• 
;AND LOAD IT IN 
;BRANCH TO REQUESTED 
ROUTINE 


CSEG AT 7FFOH 


PARAMETERS: 
SUBROUTINES: 
, 
LP_BRANCH: 
ANDB 
ANDB 
ORB 
BR 
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This Application Brief presents an example of calculat- 
-ing the square root of a 32-bit signed integer. 


Theory 


Newton showed that the square root can be calculated 
by repeating the approximation: 


Xnew = (R/Xold 
+ Xold)/2 
; Xold = Xnew 
where: R is the radicand 
Xold is the current 
approximation 
of the 
square root 
Xnew is the new approximation 


until you get an answer you like. A common technique 
for deciding whether or not you like the answer is to 
loop on the approximation until Xnew stops changing. 
If you are dealing with real (floating point) numbers 
this technique can sometimes get you in trouble because 
it's possible to hang up in the loop with Xnew alternat- 
ing between two values. This is not the case with inte- 
gers. As an example of how it all works, consider taking 
the square root of 37 with an initial guess (Xold) of I: 


Xnew = (37/1 + 1)/2 = 19; Xold = 19 


Xnew = (37/19 
+ 19)/2 
= 10; Xold = 10 


Xnew = (37/10 
+ 10)/2 
= 6; Xold = 6 


Xnew = (37/6 + 6)/2 
= 6; Xold = 6 - done! 


Note that in integer arithmetic the remainder of a divi- 
sion is ignored and the square root of a number is 
floored (i.e. the square root is the largest integer which, 
when multiplied by itself, is less than or equal to the 
radicand). 


Practice 


The only significant problem 
in implementing 
the 
square root calculation using this algorithm is that the 
division of R by Xold could easily be a 32 by 32 divide 
if R is a 32 bit integer. This is ok if you happen to have 
a 32 by 32 divide instruction, but most 16-bit machines 
(including the 8096) only provide a 32 by 16 divide. 
However, a little bit of creative laziness will allow us to 
squeeze by using the 32 by 16 bit divide on the 8096. 


The largest positive integer you can represent with a 
32-bit two's 
complement 
number 
is 07tlT$ffiTh, or 
2,147,483,647. The 
square 
root 
of this number 
is 
Ob504h, or 46,340. The largest square root that we can 
generate from a 32-bit radicand can be represented in 
16-bits. If we are careful in picking our initial Xold we 
can do all of the divisions with the 32 by 16 divide 
instruction we have available. Picking the largest possi- 
ble 16-bit number (0fllTh)will always work although it 
may slow the calculation down by requiring too many 
iterations to arrive at the correct result. The algorithm 
below takes a slightly more intelligent approach. It uses 
the normalize instruction to figure out how many lead- 
ing zeros the 32-bit radicand has and picks an initial 
Xold based on this information. If there are 16 or more 
leading zeros then the radicand is less than 16bits so an 
initial Xold of Offh is chosen. If the radicand is more 
than 16 bits then the initial Xold is calculated by shift- 
ing the value Offffhby half as many places as there were 
leading zeros in the radicand. To give credit where 
credit is due, I first saw this 'trick" in the January 1986 
issue of Dr. Dobbs's Journal in a letter from Michael 
Barr of McGill University. 


The routine was timed in a 12.0 Mhz 8096 as it calcu- 
lated the square roots of all positive 32-bit numbers, the 
following numbers include the CALL and return se- 
quence and were measured using Timer 1 of the 8096. 


Minimum Execution Time: 
24 microseconds 


Maximum Execution Time: 
236 microseconds 


Average Execution Time: 
102 microseconds 


Comments 


The program module which follows is part of a collec- 
tion of routines which perform integer and real arith- 
metic on a software implemented tagged stack. The top 
element of the stack is call TOS and is in fixed locations 
in the register file. Since the square root operation only 
involves TOS, further details of the stack structure are 
not shown. 
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MCS-96 MACRO ASSEMBLER 
SQRT 
05/12/86 10:44:30 PAGE 
1 
DOS MCS-96 MACRO ASSEMBLER, Vl.l 
SOURCE FILE: ROOT2.A96 
OBJECT FILE: ROOT2.0BJ 
CONTROLS SPECIFIED IN INVOCATION COMMAND: NOSB 
ERR LOC OBJECT 
LINE 
SOURCE STATEMENT 
1 
2 
sqrt module 
3 
4 
; 32 bit integer square root for the 8096 
5 
6 
public qstk_isqrt 
TOP+- 
SQUARE_ROOT(TOP) 


7 
extrn interr :entry 
Integer 
error 
routine 
8 
9 
id stags for stack integer routines 
0019 
10 
isqrt_id 
equ 
19h 
11 
12 
; error 
codes 
13 
0000 
14 
overflow 
equ 
OOh 
0001 
15 
paramerr 
equ 
Olh 
0002 
16 
invalid_input 
equ 
02h 
17 
OOlC 
18 
oseg at lch 
19 
=== 
OOlC 
20 
ax: 
dsw 1 
OOlC 
21 
al equ ax :byte 
OOlD 
22 
ah equ (ax+l):byte 
OOlE 
23 
dx: 
ds. 1 
0020 
24 
cx: 
dsw 1 
0022 
25 
bx: 
dsw 1 
0018 
26 
sp 
equ 18h:word 
27 
28 
0030 
29 
oseg at 30h 
30 
=== 
0030 
31 
qstk_reg: 
0030 
32 
dsl 
make sure of alignment 
0030 
33 
next 
equ qstk_reg:word 
pointer to next element in the arg stack. 
0032 
34 
tos_tag equ (qstk_reg+2):w~rd 
0034 
35 
tos_value: 
0034 
36 
dsl 
1 
32 bit integer 
37 
0000 
38 
cseg 
39 
40 
bl 
macro 
param 
41 
bnc 
param 
42 
endm 
43 


44 
bhe 
macro 
param 
45 
bc 
param 
46 
endm 
47 
Seject 
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OOOCEFOOOO 
E 
61 
call 
interr 
Call 
lnterr. 
OOOFFO 
62 
ret 
Exit 
0010 
63 
qsi05: 
0010 OF221C 
64 
normal 
8%, 
bx 
0013 DF3B 
65 
be 
qstk.isqrtO 
0015 991022 
66 
cmpb 
bX,#16 
if 
(TOS < 2·.16) 
0018 DA06 
67 
ble 
qs110 
OOlA AlFF0020 
68 
ld 
Xold, 
#Ofrh 
Use Offh as 
first 
estimate. 
001E 200A 
69 
br 
qstk.isqrtloop 
0020 
70 
qs110 : 
0020 180122 
71 
shrb 
bX,#l 
else 
0023 A1FFFF20 
72 
ld 
Xold, 
#Ofrrfh 
Base the 
first 
estimate 
on the 
0027 082220 
73 
shr 
Xold, 
bx 
number of 
leading 
zeroes 
in 
TOS, 
OOU 
74 
qstk_lsqrtloop; 
. 


OOU A0341C 
75 
ld 
ax ,t.cs , value 
do 
002D A0361E 
76 
ld 
dx, (tos.value+2) 
i r (The divide 
w111 overflow) 
0030 88201E 
77 
cmp 
dx,Xold 
The loop 
is 
done. 
78 
bhe 
qstk.isqrt.done 
0035 8C201C 
80 
divu 
ax,Xold 
1f( 
(ax=TOS/Xold) >= Xold) 
0038 88201C 
81 
cmp 
ax,Xold 
Th. loop 
is 
done, 
82 
bhe 
qstk.isqrt.done 
003D 0122 
84 
clr 
bx 
Xold=(ax+Xold) /2 
003F 641C20 
85 
add 
Xold,ax 
0042 A40022 
86 
addc 
bx,O 
0045 OC0120 
87 
shrl 
Xold,#l 
0048 27EO 
88 
br 
qstk.isqrtloop 
wh11e (The 100.p is 
not 
done) 
004A 
89 
qstk.isqrt.done: 
004A A02034 
90 
ld 
tas_value,Xald 
TOS=OO:Xold 
004D AOO036 
91 
ld 
(tos.value+2) 
,0 
0050 
92 
qstk.isqrtO: 
0050 FO 
93 
ret 
Exit 
0051 
94 
end 


ASSEIIBLYCOIIPLETED 
• 
NOERROR(S) FOUND. 
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The 
8XCl96KB 
is 
upward 
compatible 
with 
the 
8X9XBH 
and 8X9XJF. 
The 8XCl96KB 
maintains 
the 
same architecture, 
instruction 
set and peripheral 
set as 
the 8X9XBH 
and 
8X9XJF. 
It also provides 
increased 
performance 
with 
lower 
power 
consumption 
and 
en- 
hanced 
features. 


The purpose 
of this document 
is to aid designers 
who 
are moving 
from 
the 8X9XBH 
or the 8X9XJF 
to the 
8XC196KB. 
It assumes 
a thorough 
understanding 
of 
the 8X9XBH 
or the 8X9XJF. 
This document 
will only 
identify 
the 
differences 
between 
the 
8X9XBH 
and 
8X9XJF 
and the 8XCI96KB. 
For more information 
on 
any differences 
consult 
the current 
Embedded 
Micro- 
controllers 
and 
Processors 
handbook 
and 
correspond- 
ing data sheets. 


For the remainder 
of this document, 
the 8X9XBH 
will 
be referred 
to as the "BH", 
the 8X9XJF 
as the "JF", 


and 
the 
8XCl96KB 
as the 
"KB". 
Unless 
otherwise 
noted, 
all references 
to the BH also apply to the JF. 


2.0 MEMORY 
MAP 


ON·CHIP 
ROM/EPROM·The 
BH 
ROM 
and 
EPROM 
devices 
have 
8 Kbytes 
of on-chip 
memory. 


The JF has 16 Kbytes. 
The KB has 8 Kbytes. 


ON·CHIP 
RAM·The 
BH 
has 
232 bytes 
of register 
RAM. 
The JF has 232 bytes of register 
RAM 
plus 256 
bytes 
of executable 
internal 
RAM 
(code 
RAM). 
The 
KB has 232 bytes of register 
RAM. 


RESERVED 
LOCATlONS·The 
KB uses some of the 
reserved 
locations 
to support 
new features. 


WINDOW 
SELECT 
REGISTER·The 
Window 
Select 
Register 
on the 
KB 
uses a windowing 
scheme 
to ex- 
pand the SFR space to support 
new features 
and make 
the 
SFR's 
readable 
and 
writable. 
The 
available 
win- 
dows are Window 
0, Window 
14 and Window 
15. 


3.0 CCB 


CCB BIT O·The KB uses bit 0 in the CCB to enable/ 
disable 
Power 
Down 
mode. 
This bit is reserved 
on the 
BH. 


4.0 
INSTRUCTIONS 


NEW 
INSTRUCTIONS·There 
are 6 new instructions 
on the KB: 


1. PUSHA 


2. POPA 


3. IDLPD 


4. CMPL 


5. BMOV 


6. DJNZW 


EXECUTION 
TlMES·There 
are 
3 oscillator 
periods 
per state on the BH. There 
are 2 oscillator 
periods 
per 
state 
on the KB. This decreases 
the instruction 
execu- 
tion time. 
Also, 
many 
instructions 
on the KB 
require 
fewer 
states 
than 
on the 
BH. 
Timing 
loops 
based 
on 
instruction 
execution 
times 
should 
be recalculated 
for 
the KB. 


FLAGS·The 
DIV 
and 
DIVB 
instructions 
leave 
the 
overflow 
flag undefined 
on the BH. The 
flag is set or 
cleared 
as appropriate 
on the KB. 


5.0 STACK 
POINTER 


OPERATIONS 
RELATIVE 
TO 
THE 
STACK 
POINTER 
(SP)·For 
indexed 
and 
indirect 
operations 
relative 
to the stack 
pointer 
(SP), the address 
is calcu- 
lated using the un-updated 
version 
of the stack 
pointer 
on the BH. The KB uses the updated 
version. 
For ex- 


ample, 
the offset for LD TEMP, 
[SP] and LD TEMP 
nn[SP] 
instructions 
may need to be changed 
by a count 
of 2. 


6.0 INTERRUPTS 


SHARE~ 
INTERRUPTS·On 
the BH, 
interrupt 
vec- 
tor locations 
were shared 
for the RI and TI interrupts, 
HSI 
Data 
Available 
and 
HSI 
FIFO 
Full 
interrupts, 
EXTlNT 
and ACH.7 
interrupts, 
and Timerl 
and Tim- 
er2 overflow 
interrupts. 
The KB supports 
this interrupt 
structurt; 
and also provides 
separate 
interrupts 
for each 
event, 
available 
under 
software 
control. 


NEW 
INTERRUPTS·The 
KB supports 
the following 
new interrupts: 


NMI 
TRAP 
Unimplemented 
Opcode 
EXTlNTl 
Timer2 
Capture 
HSI4 
(4 or more entries 
in FIFO) 


NMI·On 
the 
BH, 
NMI 
vectors 
directly 
to location 
OOOOH.On the KB it vectors 
through 
location 
203EH. 


To be compatible 
with the BH location 
203EH 
must be 


loaded 
with OOOOH. 
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9.0 TIMER2 
NEW 
STATUS 
REGISTERS·The 
KB has INT_ 
PENDl 
and INT_MASKl 
registers to support the 
new interrupts. 


PRIORmES-The 
original interrupts 
have the same 
relative priorities on the KB as on the BH. However, 
the new interrupts 
all have higher priority than the 
original interrupts. 


PUSHA 
AND POP A-The KB has two new instruc- 
tions, PUSHA and POPA, to save the PSW, INT_ 
MASK, INT_MASKI 
and WSR on the stack. 


INSTRUcrIONS 
WHICH 
INHIBIT 
INTER· 
RUPTS·On 
the BH the El, 01, POPF and PUSHF 
instructions and SIGND, the signed prefix for multiply 
and divide instructions, inhibit interrupts from being 
acknowledged until after the next instruction has been 
executed. On the KB the PUSHA, POPA and TRAP 
instructions also do this. 


INTERRUPT 
LATENCY·Maximum interrupt latency 
on the BH is 70 states. This includes 42 states for exe- 
cution of the longest instruction 
(NORML) 
and 24 
states for the response time. On the KB the maximum 
interrupt latency is 61 states. This includes 39 states for 
the NORML 
instruction 
and 18 states for response 
time. 


7.0 PWM 


PWM PERIOD· The period of the PWM output is 256 
states on the BH. On the KB the pulse width can be 
256 states or 512 states, as selected in software. 


READING THE PWM· The PWM register can be read 
on the KB in Window 15. 


PWM TIMINGS· The state times of the KB are shorter 
than the BH. For PWM outputs which require exact 
timings you may need to recalculate the PWM register 
value. 


8.0 TIMER1 


TIMINGS 
BASED ON TIMER1·The 
state times on 
the KB are different than the BH. Any timings based 
on Timer! should be recalculated for the KB. 


WRmNG 
TO TIMER1·On 
the BH Timer! can be 
changed by writing to location OCH. Writing any value 
to location OCH will set the Timer! and Timer2 to 
OFFFXH. On the KB Timer! can be programmed by 
writing to location OAH in Window 15. This will set 
Timer! to the value written to OAH. 


MAXIMUM 
TRANSmON 
SPEED·On 
the BH the 
maximum transition speed of inputs to Timer2 is once 
per eight state times. The maximum transition speed on 
the KB is once per eight state times in normal mode 
and once per state time in Fast Increment Mode. 


COUNTING 
UP AND DOWN-Timer2 
on the BH 
only counts up. Timer2 on the KB can count up or 
down. 


T2 OVERFLOW 
INTERRUPTS·On 
both devices an 
overflow on Timer2 can cause an interrupt. The KB 
can also interrupt when Timer2 crosses the 7FFFH/ 
8000H boundary. An overflow interrupt vectors to 10' 
cation 2000H on the BH. On the KB a Timer2 overflow 
interrupt can vector to location 2000H or 2038H, as 
selected in software. 


TIMER2 CAPTURE·On the KB the value in Timer2 
can be captured into the TICAPture 
register. A Timer2 
Capture can generate an interrupt. 


WRmNG 
TO TIMER2-On 
the BH Timer2 can be 
changed by writing to location OCH. Writing any value 
to OCH will set Timer! and Timer2 to OFFFXH. On 
the KB Timer2 can be programmed by writing to loca- 
tion OCH in Window O. This will set Timer2 to the 
value written to OCH. 


10.0 HSI 


INTERRUPTS· The 
BH can generate 
an interrupt 
when either the HSI Holding Register contains data or 
the FIFO contains 6 entries. Both interrupts vector to 
the same location. The KB, under software control, can 
vector to the same location for each or to separate loca- 
tions. The KB can also generate an interrupt when the 
FIFO contains four entries. 


READING AND WRITING THE CONTROL REG- 
ISTERS·The 
HSI_STATUS 
and HSI_TIME 
regis- 
ters can be written to and lOCO and lOCI can be read 
in Window 15 on the KB. 


11.0 HSO 


LOCKED CAM ENTRIES·HSO 
entries on the KB 
can be locked into the CAM. They will occur continu- 
ally without having to reload the CAM. 


CLEARING THE CAM·The entire HSO CAM can be 
cleared without resetting the device on the KB. 
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STATUS 
REGISTERS·Status 
registers on the BH 
show the current state of the HSO pins and which soft- 
ware timer has interrupted. In addition to these, a new 
status register is provided on the KB to show which 
HSO pins have transitioned, if a Timer2 reset has oc- 
curred, or if an AID conversion has started. 


READING AND WRITING THE CONTROL REG· 
ISTERS·IOSO, 10Sl and IOS2 can be written to and 
HSO_COMMAND, 
HSO_TIME 
and 
lOCI 
and 
IOC2 can be read in Window 15 on the KB. 


12.0 
SERIAL 
PORT 


FLAGS· The KB has three new serial port flags: 


FE-Framing 
Error Flag 
TXE- 
Transmitter Empty Flag 
OE-Receive 
Overflow Flag 


SPJTAT·SP 
_STAT 
supports the new flags on the 
KB: 


7 
6 
5 
4 
3 
2 
1 
0 


RB81 
RI 
TI 
FE 
TXE 
OE 
X 
X 
RPE 


CLEARING THE FLAGS·On both devices, RI and TI 
are cleared every time SP_STA T is read. FE and OE 
are also cleared on the KB. On the KB TXE is also 
cleared after a transmission. 


INTERRUPTS·On 
the BH the RI and TI interrupts 
both vector to the same location. The KB, under soft- 
ware control, can vector to the same location for each 
or to separate locations. 


BAUD RATES·The 
formulas to calculate the baud 


rate are different on the BH and KB. 


READING AND WRITING THE CONTROL REG· 
ISTERS·SP _STAT 
can be written and SP_CON 
can 
be read in Window 15 on the KB. 


13.0 AID 


CONVERSION 
TIMES·The 
BH takes 88 states to 


complete a conversion. This corresponds to 22 IJ-sat 
12 MHz. Because the KB can operate over a wider 
frequency range, a prescalar can be enabled to adjust 
the speed of the AID. The KB takes 91 states to com- 
plete a conversion with the prescalar off (22.75 IJ-sat 
8 MHz) and 158 states with the prescalar on (26.33 IJ-s 
at 12 MHz, 19.75 IJ-sat 16 MHz). 


SAMPLE 
WINDOW-The 
BH has a 4 state sample 
window. The KB has an 8 state time window with 


the prescalar off and 15 state sample window with the 
prescalar on. 


14.0 
EPROM 
PROGRAMMING 


PROGRAMMING 
MODES·The 
KB does not sup- 
port gang programming using a KB as the master pro- 
grammer. The programming control signals needed for 
this mode do not exist on the KB. 


PROGRAMMING 
SIGNALS·The 
PACT (program- 
ming active) signal is multiplexed with HSO.O on the 
BH. It is multiplexed with P2.7 on the KB. The KB 
multiplexes P2.4 with AINC (auto increment signal). 
Auto increment does not exist on the BH. 


PROGRAMMING 
PULSE 
WIDTH 
REGISTER· 
The KB has a Programming 
Pulse Width Register 
(pPW) to determine the width of the programming 
pulse in the Auto, Auto PCCB and Run-time Program- 
ming Modes. 


AUTO PROGRAMMING 
MODE·On the KB in the 
Auto Programming 
Mode, the PPW value must be 
loaded into external location 4014H before the Pro- 
gramming Mode is entered. 


SLAVE PROGRAMMING 
MODE·On the BH in the 
Slave Programming 
Mode, the data verify or word 
dump command must be issued for each address. On • 
the KB the AINC signal can be used to automatically 
increment the addresses without issuing another com- 
mand. 


RUN·TIME 
PROGRAMMING-On 
the 
BH 
using 
run-time programming, the programming pulse width 
must be programmed in software using a software tim- 
er. A "Jump to Self' loop is recommended during pro- 
gramming. On the KB, the PPW controls the program- 
ming pulse width. Idle Mode is recommended instead 
of the "Jump to Self'. 


ROM DUMP MODE-The ROM Dump Mode is en- 
tered the same way on the BH ROM and EPROM and 
on the KB EPROM. The KB ROM enters the mode 
ditTerently. On the BH, ROM Dump Mode places inde- 
terminate data at addresses 9000H-9IFFH. 
No data is 
placed at these addresses on the KB. 


SIGNATURE 
WORDS·The 
KB contains two words 


following the Signature Words which can be used to 
determine the programming voltage. 


READ AND WRITE LOCK BITS·On the BH in the 
Auto, Auto PCCB, and Slave Programming Modes, if 
either the READ or the WRITE 
lock bits are pro- 
grammed in the CCB the device cannot be programmed 
or verified. On the KB, if either bit is programmed, the 
device will do a security key verification. If the keys 
match, the device can be programmed and verified. 
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AC AND DC SPECS-The AC and DC EPROM Pro- 
gramming Characteristics are different for the BH and 
the KB. Consult the current data sheets for the specifi- 
cations. 


15.0 PINOUT/PIN FUNCTIONS 


PIN 
COMPATIBILITY-The 
KB is pin compatible 
with the BH with one exception. Pin 64 (on the PGA 
package, pin 14 on the PLCC package) is Vpo on the 
BH. On the KB this pin is Vss. 


NEW PIN FUNCTION-Several 
pins have new addi- 
tional functions on the KB. These pins are listed below. 


BH PIn/FunctIon 
KB PIn/FunctIon 


P2.4/T2RST 
P2.4/T2RST 
/ AINC 
P2.7/PACT 
P2.7 /PACT /T2CAPTURE 
P2.6 
P2.6/T2UP-DN 
P1.7 
P1.7/HOLD 
P1.6 
P1.6/HLDA 
P1.5 
P1.5/BREQ 


16.0 MINIMUM HARDWARE 
CONSIDERATIONS 


UNUSED 
PINS-All 
unused input pins on the KB 
must be tied high or low. No input pins can be left 
floating. 


Vpp-Vpp must be left floating on BH EPROM devices. 
It must be tied to VCC on all KB devices. 


17.0 RESET 


INTERNAL 
RESET TIMING-An 
internal reset on 
the BH (software reset or watchdog timer reset) will 
hold the RESET pin low for at least one state. On the 
KB, it will hold the RESET pin low for four states. 


EXTERNAL RESET TIMING-To externally reset the 
BH the RESET pin must be held low for at least 10 
XTAL 1 cycles. The RESET pin must be held low for at 
least 4 states on the KB. 


CAPACITOR ON RESET PIN-If a capacitor between 
RESET and Vss is used to reset the device, the recom- 
mended size of the capacitor is different for the KB. 


STATUS DURING RESET-The status of the control 
registers and the I/O pins during RESET are different 
on the BH and the KB. Consult the current Embedded 
Microcontrollers and Processors Handbook for detailed 
information. 


18.0 EXTERNAL MEMORY 
INTERFACING 


AC TIMINGS-The 
AC Timings for bus operations are 
different for the BH and the KB. Consult the current 
data sheets for specifications. Both devices will function 
with standard ROM/EPROM/Peripheral 
type memo- 
ry systems. 


HOLD/HLDA-The 
KB supports a bus exchange pro- 
tocol (HOLD/HLDA) 
to allow other devices to gain 
control of the bus. 


19.0 MODES 


ENTERING 
AND EXITING 
POWERDOWN-Pow- 
erdown is entered and exited differently on the BH and 
the KB. 


RAM IN POWERDOWN-The 
BH maintains the up- 
per 16 bytes of RAM in powerdown mode. The KB 
maintains all the SFR's, all 232 bytes of RAM and 
most of the peripherals. 


DISABLING 
POWERDOWN-Powerdown 
mode can 
be disabled on the KB. 


NEW MODES-The KB has two new modes-Idle 
and 
ONCETM modes. 


20.0 POWER CONSUMPTION 


POWER 
CONSUMPrION-Power 
consumption 
on 
the KB is about 1/10 that of the BH. See the current 
data sheets for the Ice, IIDLE and Ipo specifications. 


21.0 DC CHARACTERISTICS 


DC SPECS-The DC characteristics on the BH are dif- 
ferent than those of the KB. Consult the current data 
sheets for specifications. 


22.0 BH, KB ERRATA 


STATUS OF BH, JF AND JF KB ERRATA-Consult 
the current data sheets for detailed information on BH 
and KB errata. 


23_0 PACKAGES 


AVAILABLE PACKAGES-Consult 
the current data 
sheets for the available packages. 
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Many applications have throughput time 
requirements on the order of a few hundred 
milliseconds, and don't require real-time image 
analysis. 
A Single-Chip 
Image Processor 


A.L. Pai and S.H. Lin, Arizona Slate University, and David P. Ryan, Intel Corporation 
M 
ost 
of the research 
efforts on 
image processing 
focus on ex· 
panding the complexity and dimension of 
image analysis. Unfortunately, 
this ern- 
phasis results in algorithms 
that are so 
computationally 
intensive that expensive 
special-purpose vector and pipeline proc- 
essors are required to evaluate an image 
fast enough to be considered "real-time." 
Not all applications, 
however, have the 
burdensome requirements of true real-life 
image analysis. Specifically, applications 
that have image throughput 
time require- 
ments of greater than a few hundred rnilli- 
seconds can use a lower cost, general-pur- 
pose microprocessor-based 
system. Appli- 
cations that have even slower frame rates 
are candidates for not only the use ofJower 
cost CPUs, but also allow for replacement 
of video-rate flash AID converters 
with 
slower, less expensive converters. 


Addressing the most cost-sensitive ap- 
plications, 
the design described 
herein 
uses Intel's 16-bit microcontroller 
to im- 
plement 
a single-chip image processor. 
The on-chip lO·bit AID converter of the 
controller digitizes the image of a charge 
injection device (CID) camera, while the 
chip's 
16-bit CPU executes a library of 
standard vision algorithms and reports the 
results by passing a few tokens over an on- 
chip 
universal 
asynchronous 
receiver- 
transmitter 
(UART). 


SYSTEM OVERVIEW 
A block diagram of the single-chip im- 
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Figure 
1. System 
block ditJ&ram. 


age processor is shown in Figure I. The 
image is acquired by the CID camera and 
input as an analog voltage to the 8096 
where it is digitized and stored in one of 
two image buffers. The digital image is 
stored 'as an N x N matrix of 8-bit values 
corresponding 
to the gray level intensity 
at each picture element (pixel) as shown 
in Figure 2. 
After an image resides in an image buf- 
fer, the 8096 can execute a number 
of 
standard 
image 
processing 
algorithms 
available as system monitor commands. 
These programs perform thresholding and 
filtering functions 
on the digital image, 
and can analyze objects found within the 
image. If the 8096 were attached to a host 
system instead of a terminal, custom pro- 
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grams could be downloaded 
to the user 
program RAM and executed. 
To view the raw and processed images, 
a CRT controller is used to keep a video 
monitor updated with the images stored 
in the two frame buffer 
memories 
of 
Figure I. The 8096 updates the frame buf- 
fers with the data in its image buffers 
depending 
upon commands 
given to the 
system. 


• Hardware. 
The system is composed of 
a 128 x 128 CID camera and Intel's 8096 
(with on-chip AID) for image acquisition 
and analysis. A standard CRT controller 
was added for displaying raw and proc- 
essed images as directed by the 8096. Driv- 
ing the decision to use a 128 by 128 digital 


mI 
~. 
U", Spado9 


I 
Picture Element 
(Pixel) 


o 


Gray 


White 
255 


Black 


Grayscale 


Figure 
2. Rf/l' ••••• f4tion of on N x N digif4i 
i""",. 


image was the desire to store and operate 
upon two images simultaneously 
while 
minimizing memory requirements. 


The image processing and eommunica- 
tions software takes 5K of the 8K bytes 
allocated to the system monitor space, and 
would fit in the on-chip ROM space of an 


from the CID camera and synchronizes 
the AID conversion of the pixel data to 
a pixel valid signal from the camera. The 
analog output signal of the camera ranges 
from 0 to I V, corresponding 
to the gray 
level intensity at each pixel. This I V range 
is amplified to a 5 V range before being 
input to one of the eight AID inputs of 
the 8096. 


• Spatial Filtering 
• HislOtJramming 
• Thresholding 


• Edge 
Detection 
• Chain Coding 


Figure 
3. Obi.ct identifiCdtion. 


The 8096 converts the input voltage to 
a 100bit digital representation 
in 22 J.IS. 


Another 18lIS are needed to store the pixel 
in the image buffer, update pointers, up- 
date a counter, and start another conver- 
sion. Therefore, the camera is clocked at 
a rate which results in a new pixel being 
output every 50 J.IS. 


Although the 8096 converts its analog 
input to 10 bits, the externally generated 
analog errors (such as buffer error and 
'noise) led to the decision to use only 8 bits 
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necessary for system operation, 


The algorithms present in the system 
monitor can be used to identify desired ob- 
jects in a digital image by following the ap- 
proach shown in Figure 3. Once an image 
is digitized, it can be enhanced by the ap- 
plication of various image processing tech- 
niques including histogramming, 
thresh- 


olding, and spatial filtering to delineate the 
desired objects. The 8-directional chain 
code (Figure 4) can then be used to trace 
the boundaries of objects, and relevant ob- 
ject parameters 
can be determined 
and 


compared with those of a known object 
database to identify the unknown object. 
OBJECT 
CLASSIFICATION 
In the following example, the 8096 per- 
forms a binary thresholding operation as 
described earlier to set the image back- 
ground to pure white and the objects in 
the image to pure black. Then the 8096 
searches the image for objects. When an 
object is found, the object boundary 
is 
traced and shape analysis is performed. 
Descriptive information about the object 
(or objects) is output 
over the on-chip 
UART of the 8096 to a terminal, or host 
computer. 
The controller, 
without con- 
sulting a host computer, can also be pro- 
grammed to make.the decision to accept 
or reject an object on a set of prescribed 
rules, 
The sequence of processing for this ex- 
ample, from serial communication 
recep- 


tion and interpretation to the reporting of 
the shape analysis results, takes approx- 
imately 1500 ms with an 8096 running at 
12 MHz_ The time will vary with the size' 
and number of objects in the field of view. 
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Chain Cod6. 
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(c) Example 
Chain-Code 
of an Object 
Fipre 
<t_ 8<Ii,ectio",,1 bounddry chtJin cod<. 
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Photos I through 4 show the original 
256 gray level digitized image and resul- 
tant binary (two-level) image of a circular 
object and a square object. (The circle 
looks like an oval when displayed due to 
the aspect ratio of the video monitor). 
Table I 'summarizes the output of the 
systems shape analysis program. The ob- 
jects' perimeter (P).area (A).center of mass 
coordinates 
(ex, cy), and the coordinates 


of the endpoints of each minimum enclos- 
ing rectangle are listed. 


The rectangularity and circularity of the 
objects were also calculated and appear in 
Table 1. The rectangularity 
of the circle 
and the square using the actual data were 
ideal. Although the circularity of the digi- 
tized circle is slightly different from ideal 
(12.416 vs. 12.56). the digitized circle can 
be distinguished from the digitized square 
since the circularity of the square is very 
different 
from a perfect circle (15.44 vs. 


12.56). 
From these typical results. it is clear that 
this image processor can be used to dis- 
tinguish 
between 
and 
identify 
objects 
placed in its field of view. 
CONCLUSIONS 
If the stringent requirements 
of "real- 


time" image processing can be relaxed in 
favor of substantially reduced sytem cost, 
a standard 16-bit microcontroller 
can per- 


form as a stand-alone image processor. 


Not only does the design described here 


demonstrate 
that a microcontroller 
can 


undertake two-dimensional image process- 
ing, but the surprising speed with which 
it accomplishes the processing should lead 
to the reevaluation of current microproc- 
essor applications for possible cost reduc- 
tion via microcontrollers. 
REFERENCES 


I. Embedded 
Controlle, 
Handbook, 
(latest edition). 


Intel Corporation, 
Santa 
Clara, 
CA. 


2. Lin, S.H., A.L. Pai, and D.P. Ryan. A Microcon·· 


troller Based Digital Image Ptoceseor; Proceeding 
of the Second 
World Conference 
on Robotics 


Research, 
MS86-766, Society of Manufacturing 


Engineer>, 
Dearborn, 
MI. 


3. Cunningham, 
R "Segmenting 
Binary Images," 


Robotics Age, Vol. 5, No. 2,luly/August 
1981. 


4. Wilf, I.M. "Chain 
Code," 
Robotics Age, Vol. 3, 


No. 2, March/April 
1981. 


5. Conzalez, 
Rand 
P. Wintz. Digil4l 
IffI4&eProc- 


••• in" 
Second 
Edition, 
Addison-wesley 


Publishing 
Company, 
NY, 1987. 


6. Fu, 
S.U., 
RC. 
Gonzalez, 
and 
C.S.C. 
Lee. 


Robotics: 
Contro~ 
Seruing, 
Vision and Int.lli- 


&enee, McCraw-HilI 
Book Company, 
NY 1987. 


intel.. 
AR·515 


Photo I. A digItized 
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Image Processing Techniques 


A histogram 
gives the distribution 
of all the gray levels in a digital image. The image histogram 
is used to select a desired threshold intensity level for separating an object from the background 
in the digital image. 


A digital image can be thresholded 
using various threshold functions (three of which are shown 
in the figure) to yield an output 
image that contains 
a better definition 
of an object. For ex- 


ample. a binary (black and white) image is obtained by applying the two-level threshold 
func- 


tion shown in (c). 
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In spatial filtering, 
the pixels adjacent 
to pixel (x.y) of image plane f are operated 
upon by 
the filter mask operation 
h. The resulting value of this spatial convolution 
is used to compute 
a replacement 
gray level intensity value at location (x.y) in the output 
image g. The following 
formula is used: 


g(x.y) = h[f(x.y)] = [Wj f(x -I. 
y -I) 
+ w2 ~x -I.y) 


+ 
W3 f(x -I.y 
+ I) + 
W4 f(x.y - I) + 
W5 ~x.y) + 
W6 ~x.y + I) 


+ w7~x+I.y-II 
+ w8~x+I.y) 
+ w9~x+l.y+l)] 


Various types of filter masks can be used to perform 
different 
digital image enhancement 
operations. 
A low-pass filter uses neighborhood 
averaging to "smooth" 
the digital image to 
remove noisy pixels. A high-pass filter accentuates 
noisy pixels. A high-pass filter accentuates 
the higher frequencies 
present 
in an image. thus "sharpening" 
its edges. Operators 
such as 
the Sobel masks can be used to compute 
the gradient at each point in an image. thus produc- 
ing a gradient 
edge-detected 
image. 


Using such filtering methods. 
the boundaries 
of objects in an image can be isolated. thus per- 


mitting the computation 
of useful object parameters 
for object identification 
and classification. 
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EXAMPLE SHAPE ANALYSIS OUTPUT 


OBJECT 
PERIMETER 
AREA 
C.O.M. COORDINATES 
ENCLOSING RECTANGLE 
RECTANGULARITY 
CIRCULARITY 


P 
A 
CX,CV 
XMAl< 
XMIN 
YMAX 
YMIN 
R='\,/A A 
C=rl/A 


CIRCLE 
301 
7297 
(62,68) 
111 
15 
116 
21 
0.785 
12.416 


SQUARE 
328 
Wfil 
(55,73) 
97 
14 
115 
32 
1.0 
15.440 


Table I. Example 
shape analysis 
output. 


Size Parameters 


The horizontal 
and vertical extent of an object and its minimum enclosing rectangle are easily 
computed 
by using the minimum 
and maximum 
line and sample numbers. 


The perimeter 
(circumferential 
distance) around an object boundary 
is obtainable 
from the 
boundary 
chain code by using the formula: 
P = NE + ..[2 No 
where NEand No are the number of even and odd steps in the object boundary chain code. 


The area of an object, which is a convenient 
measure of object size, is equal to the number 


of picture elements inside and including its boundary, multiplied by the area of a single pixel. 


A,L. Pai is an Associate Professorand S.H. Lin IS • 
PhD. candidate in the Computer Science Dept., Col- 
legeof Engineering,Arizona State Umversitv, Tempo, 
AZ 85281. 
David 
P. Rvan 
IS 
• Senior Applicanons 
Engineer for Intel Corp., 5000 11'. Chandler 
Blvd., 


Chandler, AZ 85226. 


Shape Parameters 
In addition 
to size parameters, 
shape parameters 
can be used to distinguish 
objects. Some 
shape parameters 
that are easily computed 
are described 
below. 


The formula for computing 
the rectangularity 
R of an object is: 
R = Aa / AR 
where Aa is the object area and AR is the area of its minimum 
enclosing rectangle. 
R ranges 
from 0 to I, with a value of 1.0 for rectangular 
objects, n/4 (0.785) for circular objects, and 


smaller values for slender, curved objects. 


The aspect ratio, A, which is the ratio of width to length of the minimum enclosing rectangle 
of an object, is used to distinguish 
slender objects from roughly square or circular objects. 


One of the commonly 
used circularity 
measures 
is: 


C = p2 / A 
the ratio of the square of the object perimeter 
to its area, which reflects the complexity 
of 
the object boundary. 
C has a minimum 
value of 4 n (12.56) for a circular object, while more 


complex shapes have higher values. 
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1.0 
INTRODUCTION 


In the real time world of microcontroller applications, system failures can be dangerous, 
and expensive. Preventing them, and understanding them when they occur, is very im- 
portant to the reliability of any design. 


The sources of a system upset are varied. But in general, the failure of a well designed 
application occurs as a result of either some form of noise, or a hardware failure. The 
8096 hardware provides methods of detecting and recovering from the transient noise 
failures, while the MCS®-96 Diagnostics Library supplies software routines that can help 
diagnose or detect a failure in system hardware. 


Graceful recovery from noise induced failures is possible using the WATCHDOG TIMER. 
While the 8096-based system is functioning as desired, the executing software periodically 
resets the WATCHDOG with a special two-byte code. If the WATCHDOG is not reset 
at least every 16 ms (12 MHz system), a system reset occurs. The two-byte code is a 
unique password which appears nowhere in the opcode map. This reduces the chance 
that an erroneous WATCHDOG reset would occur after a system upset. 


The 8096 RESET instruction provides another form of protection. Since the opcode for 
a RESET is OffH, protection against the 8096 executing unimplemented external memory 
is obtained by placing pull-ups on the system bus. The RESET opcode is also the value 
in erased EPROMs. Therefore, any attempt to execute non-existent memory or an erased 
EPROM location causes the 8096 to execute the RESET instruction. RESET causes the 
8096 to reinitialize itself and provide an external pulse on the RESET pin to reinitialize 
the system. 


Even with the protection afforded by the 8096, a system is rarely complete without checks 
for hardware failures, both internal and external to the microcontroller. These checks are 
usually software routines that execute on power-up or periodically to verify that all parts 
of the system are present and function correctly. The tests generally execute standard 
check algorithms which are simply re-written in the host's assembly language. 


To eliminate the need for every designer of an 8096-based system to write such tests, 
a collection of modular routines has been developed that any designer could easily 
use in his system (General Diagnostics). In addition, a set of 8096 interrupt service 
routines was developed for testing 8096 I/O units in a dedicated environment (The 
Dynamic 
Stability 
Test). Both 
sets of programs 
are contained 
in the MCS-96 
Diagnostics Library (DIAG96.LIB). 


This library is a collection of software modules that provide a number of ready-made 
General Diagnostics and a specialized MCS-96 diagnostic known as the Dynamic Sta- 
bility Test. The General Diagnostics implement frequently used standard test algorithms, 
while the Dynamic Stability Test exercises hardware specific to the 8096. 


The library can be considered a software "tool box" from which modules are selected 
for a variety of run-time diagnostics or laboratory tasks, for example: 


• 
Include a few modules in other programs as a power-up test 
• 
Use a memory module to create a map of external memory 
• 
Use a few modules as a periodic system check 
• 
Develop a simple stand-alone tester 
• 
Build a custom test bed for burn-in, inspection or reliability tests 
• 
Test new background code in an interrupt intensive environment 
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In addition to easing the development of a program that must perform standard diagnostics 
or system checks, the library can be a learning tool. Using the proven source code in the 
library, methods of interrupt management and on-chip peripheral handling can be reviewed 
to further understand how to use the 8096. 


These tests were developed by the 8096 Applications group for experimental use with 
the 8096. With the programs in this library, the chip has been studied for its functional 
and asynchronous characteristics. 


The General Diagnostics should be useful to almost anyone designing an 8096 applica- 
tion. The Dynamic Stability Test will be useful to those experimenting with the 8096 
in a test environment. Figure I shows the modules in the MCS-96 Diganostics Library. 


1. 1 General Diagnostics 


The General Purpose Diagnostics consist of 24 programs providing System, ALU and 
Memory tests. Each of the tests can be called independently, and none require special 
hardware or impose application limiting constraints. 


Two Collected Test programs are also provided so that all tests may be called at once. 
A third Collected Test program executes a selection of General Diagnostics that might 
be reasonable to include in a typical system power-up. 


Section 3 provides a detailed description of the General Diagnostics. 


1.2 Dynamic. Stability Test 


The Dynamic Stability Test is an integrated set of II programs that provide the interrupt 
service routines necessary to run all forms of MCS-96 110 concurrently while a user 
written main task is executing. Virtually all of the chip is made to run simultaneously, 
with the 110 units responding to asynchronous external events. 


Unlike the General Diagnostics, the Dynamic Stability Test modules must all be linked 
together, and must run in a specific external environment. 


Section 4 provides a detailed description of the Dynamic Stability Test. 


ALU 
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Tests 
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Figure 1. The MCS®-96 Diagnostic Library 
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1.3 How To Use This Manual 


This publication is meant to be a guide for those using any of the programs in the 
MCS-96 Diagnostics Library. 
On a first pass the entire manual should be skimmed, 


with more attention paid to Section 2 and the overview sections of Sections 3 & 4. For 
the casual reader, the overview sections of each chapter should suffice. 


Section 2 contains an overview of the general calling conventions to use any test in 
DIAG96.LIB. The section also describes DIAG96.LIB error reporting conventions and 
presents some warnings to heed when using this library. 


Section 3 describes the classes of General Diagnostics and each test in detail. 


Section 4 describes the concept of Dynamic Stability and its implementation on the 
8096. The section also contains an overview of the tests performed, a description of the 
constraints placed upon the user-written background task, and detailed descriptions of 
each interrupt service routine. 


The Appendices contain error code and command file descriptions, and of demonstration 
program listings. Source for the MCS-96 Diagnostics Library 
can be obtained from 
Insite User's Program Library at the address below. The Insite Catalog order number is 
AE-l7. 


Insite User's Program Library 
INTEL Corporation DV2-24 
2402 W. Beardsley Road 
Phoenix, Arizona 85027 


With the first-hand knowledge that many problems result from not being able to uncover 
information lodged in some dark corner of the user manual, information is repeated in 
the sections where it is pertinent. 
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Since PLM96 conventions were the ones chosen for this set of programs, the General 
Diagnostics are invoked by following the conventions for a PLM96 typed procedure. 
Parameters are placed on the STACK and the procedure activated viaa function reference 
or explicit CALL. When the test is complete, test data is returned in the special register 
PLM$REG. The Dynamic Stability Test is not PLM96 compatible. 


The next section describes the format of the test data that is returned by the diagnostics. 
Following sections give an overview of how to use a General Diagnostics test, how to 
use The Dynamic Stability Test, and what restrictions to keep in mind while using the 
library. 


2.1 Reporting Convention 


All DIAG96.LIB tests use the PLM$REG word locations ICH and IEH for returning 
condition codes to the calling program. Within DIAG96.LIB, these locations are the 
PUBLIC words EREG I and EREG2. When a test concludes without finding an error, 
a zero is placed in the high byte of EREG I. If the high byte of EREG I is non-zero, 
then some unexpected condition occurred. The low byte of EREG I always contains the 
module number of the returning test, and EREG2 contains a detail code if an error was 
found. The complete listing of EREG I code meanings and EREG2 meanings is in 
Appendices A & B. 


All modules cease execution upon detection of the first error. The code describing which 
error was detected (EREG 1) follows the format described in Table I. 


Table 1. Error Reporting Format 


EREG1 = 
nnmx Hex 


where; 


1.;;x.;;03H 
1.;;x.;;05H 
1.;; x.;; 
ODH 


x = 0 
x = 0 
x = 1 
x = 0 
x = 0 
0.;; x.;; 1 


x = 0 
x = 0 
x = 0 
0.;; x.;; 1 
x = 0 
x = 0 


nn 
= 00 
if no error was found 
= 01, ... ,08H 
if an error was found, nn is the error code 


and; 
mx 
= OxH 
= 1xH 
= 2xH 
= 3xH 
= 4xH 
= 6xH 
= 7xH 
= 8xH 
= 9xH 
=OAxH 
= OBxH 
= OCxH 
= ODxH 
= OExH 
= OFxH 


for Test = 
SYSOx; 
AlUOx; 
MEMOx; 
D96A96; 
DSTISR; 
DSTHSI; 
DSTHSO; 
DSTHIO; 
DSTTOV; 
DSTEXI; 
DSTSER; 
DSTA2D; 
DSTSWT; 
D96FST; 
D96P96; 
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2.2 
Using the General Diagnostics 


The General Diagnostics provide a large set of system, ALU and memory tests that can 
be used in any combination, independent of system configuration or external circuitry. 
In addition to allowing for a wide flexibility in how a user's system is externally configured, 
the tests place minimal requirements on memory maps and interrupt environment. 


Except where noted, all tests are interruptible, and maintain Program Status Word and 
Interrupt Mask integrity. The tests conform to PLM96 conventions, and require only run- 
time parameters to be passed for such specifics as memory test bounds and 'ALU test 
duration. To obtain access to the general diagnostics, the user should declare the needed 
module names EXTERNAL code segment symbols, and link to: 


DIAG96.LlB 


The tests are invoked in assembly language by placing the proper parameters on the 
STACK and CALLing the procedure. In PLM, the tests are run after a function reference 
is made with the appropriate parameters. The following is an example of an ASM96 call 
to a memory test: 


PUSH 
PUSH 
CALL 
CMPB 
BNE 


#4000h 
#5000h 
MEM06 
EREG1 +1,0 
Error_Found 


The diagnostic module called performs a complementary address test on the byte 
locations between 4000H and SOOOHinclusive, If an error is found, the value returned 
in the word EREG I will have a non-zero value as its high byte. Also in the case of an 
error, the MEM06 memory test will place the address of the error in location EREG2, 
The program D96A96, shown in Appendix D is a working ASM96 example that calls 
every General Diagnostic Test. 


The same memory test could be called in a PLM96 program as follows: 


Response = MEM06(4000h,5000h); 
IF Error$Codes,Number > 255 THEN CALL Error$Found; 


Since the diagnostics return two words in the PLM$REG locations ICH and IEH, the 
function MEM06 would be a PROCEDURE 
of type LONG. Error$Codes would have 
to be declared a STRUCTURE 
AT Response, with the word elements Number and 
Detail so that the error messages returned by the diagnostic can be stored. Number 
would contain the EREGl value returned by the test, and Detail would contain EREG2. 
Response would have to be DECLARED a double word. The program D96P96, shown 
in Appendix D is a working PLM96 example that calls every General Diagnostic. 


The action taken when an error is detected will depend upon the application, For example, 
the following Error.Ll-ound (or Error$Found) routine would output the error codes to a 
printer or terminal: 


Error_Found: 


PUSHF 
PUSH 
#Message_Ptr_A 


CALL 
Send_String 


Error$Found: 
PROCEDURE; 
DISABLE 


CALL output (.Message$Ptr$A, 


Error$Codes.Number) ; 


PUSH 
CALL 
CALL 


PUSH 
CALL 


EREG1 
Send_Hex_ 
Word 


Send_CR_LF 


#Message_Ptr_B 
Send.i.Strinq 


CALL output (.Message$Ptr$B, 


Error$Codes.Detail); 


Self: 
GOTO Self; 


(Display continues on next page) 
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PUSH 
CALL 
CALL 


BR $ 


EREG2 
Send_Hex_Word 
Send_CR_LF 


Message_Ptr 
_A: 


DCB 27,'ERROR 
FOUND. Error Number = ' 


Message_Ptr 
_B: 


DCB 22,'Error Detail Code is = 
r 


In the Errore.Found routine, it is assumed that the subroutines Send.i.String, Send.i.Hex 
_Word, 
and Send_CR_LF 
transmit appropriate ASCII codes given the parameters 
passed to them. Sendc.String is sent a pointer to a byte string in memory, the first byte 
of which is the character count. Sendc.Hex.; Word converts the word put on the STACK 
into the correct four ASCII code bytes and appends the ASCII code for H. Send.LCk.; 
LF outputs the ASCII codes to cause a carriage return, followed by a line feed. The PLM 
routine output would perform similar operations. 
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2.3 
Using the Dynamic Stability Test 


The Dynamic Stability Test consists of a set of 8096 interrupt service routines that 
are designed to run while a user-supplied background task executes. The routines are 
located in the object file library DST96.LIB, which is contained in the master library 
DIAG96.LIB. 
To obtain access to the test, the user should invoke the batch file 
DSTRL.BAT 
with the background 
task file name and directory parameters. 
For 
example type: 


DSTRL\ 
SOURCE \ BACK 


Sincethe 
interrupt service routines test 8096 on-chip I/O devices, the part under test 
must reside in a specified hardware environment. Two such environments are available 
for use with the Dynamic Stability Test. The test may run in either a single chip mode, 
or a cross-coupled two chip mode. Figures 2 and 3 show the connections required for 
each configuration, In the single chip mode, output pins are connected to input pins on 
the same 8096. In the dual chip mode, output pins of one 8096 are connected to the 
input pins of the other (and vice versa). 


To run the test, the user must supply a background task that CALLs an initialization 
routine (DSTISR) with the specified parameters. After DSTISR returns, the interrupt 
service routines will begin running. The background task can then perform any function 
that conforms to the constraints discussed in Section 4. If the user does not wish to 
write a special background task, one is provided in the module DSTUSR. 


The following is an example CALL and a description of the parameters that must be 
passed to the initialization module (DSTISR). 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


<RAM segment1 starting address> 
<RAM segment1 ending address> 
<RAM segment2 starting address> 
<RAM segment2 ending address> 
<random seed> 
<random test length> 
<argument1 
for Multiply/Divide Core test> 
<argument2 
for Multiply/Divide Core test> 
<bit pattern for memory test> 
DSTISR 


The RAM starting and ending addresses form a memory map for the memory tests that 
DSTISR runs. The internal RAM is always tested. The random seed is the starting point 
for ALU tests that execute· for as many number pairs as is specified in the random test 
length parameter. Argumentl and argument2 are the operands for a MultiplylDivide test. 
The bit pattern parameter is used during a memory test of the internal RAM and the 
memory segments specified. 


Section 4 contains more detailed information on using the Dynamic Stability Test, while 
the next section lists some general restrictions and assumptions that need to be under- 
stood to properly use any MCS-96 Diagnostic Library module. 
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• 
The Dynamic Stability Test takes care of the WATCHDOG TIMER within its interrupt 
service routines. But, do not write to the WATCHDOG before CALLing the initial- 
ization subroutine . 


• 
In any Dynamic Stability application, the user's Main Task should not lock out in- 
terrupts for more than a few instructions, as the CPU can get quite loaded down with 
interrupt requests that are very time dependent. 
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3.0 
GENERAL DIAGNOSTICS 


The 24 General Diagnostics included in DlAG96.LIB provide a good set of basic memory 
and ALU confidence tests that can be easily linked to application programs. 


The General Diagnostics allow for a wide flexibility in how a user's system is configured 
with respect to memory maps and interrupt environment. Except where noted, all tests 
are interruptible, and maintain Program Status Word and interrupt mask integrity. The 
tests conform to PLM96 conventions, and require only run-time parameters to be passed 
for such specifics as memory test bounds and ALU test duration. 


The tests are independent to allow specialized diagnostics to be developed as desired. 
Use just the quick power-up test (SYS02) to verify operation, or use the module that 
calls all General Diagnostics (D96A96) and let it run continuously for months. A module 
that performs the most common set of tests is also provided (D96FST). 


The tests provided are of four classes: System Tests (SYSnn), ALU Tests (ALUnn), 
Memory Tests (MEMnn), and Collected Tests (D96xxx). To use any of the modules, 
from zero to ten parameters are PUSHed onto the STACK and the test is CALled. Results 
are returned in the two word registers beginning at # ICH. The symbolic names for these 
locations (EREGI and EREG2) are made PUBLIC if any DlAG96.LIB module is linked. 
They also may be referenced in PLM$REG for PLM96 programs. 


To obtain access to library modules, the user should declare the needed module names 
EXTERNAL code segment symbols, and link to: 


DIAG96.LlB 


The next few pages contain a brief overview of each of the four classes of tests. Then, 
the actions of each test are described in more detail. 


System Tests 


SYSnn 


Common symbol definitions, storage reservations and two common routines are located 
in SYSOI. A reference to any DlAG96.LIB module will cause SYSOI to be linked. 
SYS02 is meant to be called immediately after a RESET. It checks the special function 
register status and stack pointer, program status word and timer functionality. SYS03 is 
a simple program counter test. It does not test the complete range of the counter, and 
requires external RAM to execute. 


SYS01: Common module 
SYS02: RESET test 
SYS03: Program counter exercise 


ALU Tests 


ALUnn 


Five ALU modules are provided for checking ALU functionality. All report errors with 
a code in EREG JlEREG2. 


Addition and subtraction are exercised in ALUOI. A special eight-word add and subtract 
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is executed to test each adder bit with all possible combinations of a bit operation with 
and without carry-in. 


Unsigned byte multiplication is verified by ALU02. This module simply executes all 
possible unsigned byte multiplications. Although not elegant, the test is effective. It takes 
six seconds. 


A general test of the multiplication and division functions can be made with ALU03. 
The module executes all possible combinations of signed and unsigned, byte and word, 
two and three operand Multiplies and Divides using a specially selected table of numbers 
as operands. 


ALU04 extends the ALU03 test by generating pseudo-random test pairs. The user program 
simply specifies a seed value for the random number generator, and the number of pairs 
to generate. 


ALU05 is the core module for multiply/divide tests. Both ALU03 and ALU04 call ALU05. 
The user can also call ALU05 by passing a pair of test arguments. The module executes 
all possible combinations of signed and unsigned, byte and word, two and three operand 
Multiplies and Divides using the arguments passed as operands. 


ALU01: Table-driven Addition/Subtraction 
ALU02: 
MULUB (all possible arguments) 


ALU03: Table-driven Multiply/Divide 
ALU04: 
Pseudo-random Multiply/Divide 
ALU05: 
Multiply/Divide core module 


Memory 
Tests 


MEMnn 


The DIAG96.LIB MEMnn modules provide tests for register space, external RAM, and 
ROM. The algorithms used include: walking and galloping ones; walking and galloping 
zeros; checkerboard patterns; complementary addressing; and checksum verification. 


The register tests are in MEMOI-MEM05, and MEMOC. With the exception of MEM04, 
the register tests save the contents of all internal registers except PLM$REG on the 
STACK before testing, and restore the data when done. If a faulty location is found, its 
address is reported. MEM04 is a utility which returns the number of bits set in a specified 
operand. 


The external RAM tests are located in MEM06-MEMOA, and MEMOD. They all return 
a two-word code upon completion. The calling program must partition the RAM to be 
tested before calling an external RAM test. 


Table 2. Memory Tests 


Algorithm 
Internal 
Registers 
External 
RAM 
ROM 


Complementary 
Address 
MEM01 
MEM06 
Walking Ones 
MEMO? 
Walking Ones/Zeros 
MEM02 
MEM09 
Galloping Ones 
MEM08 


Galloping OneslZeros 
MEM03 
MEMOA 
Bit Counter 
MEM04 


Checkerboard 
Pattern 
MEM05 


User Specified 
Pattern 
MEMOC 
MEMOD 
Checksum 
MEMOB 
MEMOB 
MEMOB 
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Collected 
Tests 


D96xxx 


The D96xxx 
set of modules 
collects 
together 
all, or several, 
of the General 
Diagnostics 
and performs 
them 
according 
to the parameters 
passed. 
D96A96 
is an ASM96 
module 
that calls all tests. 
D96P96 
is a PLM96 
module 
that calls all tests. D96FST 
is an ASM96 
module 
that calls a logical 
selection 
of tests. 


D96A96: All tests 
I ASM96 
D96P96: All tests 
I PLM96 
D96FST: Selection of tests 
1ASM96 


5-403 


• 


L,ALL 
l"'ut_Psw 
or 
CALL 
Get_Parms 
or 
CALL 
Stack_Ram 
or 
CALL 
Restore_Ram 


Get.LPsw Action: 
Put.LPsw Action: 


USER_PSW 
: = PSW 
EREGI 
:= 0 
EREG 2 
:= Offffb 


PSW := USER_PSW 


Get.LParms 
Action: 


PARM2 := Last Parameter 
put on the STACK 
PARMI 
: = Next to last parameter 
put on the STACK 
USER_PSW 
:= PSW 
EREG 1 
:= Offfb 
EREG2 
:= OOOOh 


Stackc.Ram 
Action: 
Restore.i.Ram 
Action: 


PUSH laH; 
Ptr: = 20H 
Do While Ptr<IOOh; 


PUSH [Ptr]+ 


End While; 


Ptr := Ofeh; 
Do While Ptr>leh; 


POP [Ptr]; 
Ptr: =Ptr-2; 


End While; 
POP laH; 


Detailed Description: 


A call to any General Diagnostic module will cause SYSOl to be linked. This module 
contains the definition of 4 words of memory used by every module to report errors and 
store temporary parameters. The STACK routines are used by the internal register tests 
to save and restore the data in the registers when called. It also INCLUDES an expanded 
8096.lNC file to provide the PUBLIC declarations of commonly used symbols for the 
special function registers and constants such as CR and LF. 


Nearly all General Diagnostic modules use the routines in SYSOl to save the PSW when 
called, restore the PSW when returning control to the calling routine, save parameters 
from the STACK, and initialize the error registers. 
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System 
Power-up 
(SYS02) 


Brief Description: 


This test is a quick check of the Program Status Word, TIMERl, 
10SO,IOSl and the 
Interrupt Pending Register. It is meant to be called just after a RESET. 


Assembly Language Calling Sequence: 


CALL 
SYS02 


When Test Passes: 


EREG 1 := 0002h 


If Test Fails: 


EREG2 := OOOOh 


EREGI 
:= 0102h on unexpected 10SO or 10Sl - 
EREG2 := IOSO in low byte 


. 
10SI in high byte 
EREGI 
:= 0202h if TIMERI 
does not change - 
EREG2 := TIMERl 
EREGI 
:= 0302h if Zero register failed 
EREGI 
:= 0402h if PUSHFIPOPF 
failed 


EREG 1 := 0502h if Sticky bit failed 


EREG 1 := 0602h if Carry Flag failed 
EREG 1 := 0702h on an overflow flag error 


EREG 1 := 0802h if Int. Pending byte failed 


Detailed Description: 


- 
EREG2 := PSW at Failure 
- 
EREG2 := erroneous value 
found 
- 
EREG2 := 3fffh if bit did not 
set 
:= OOOOhif bit did not 
clear 
-:- EREG2 : = xxxxh 
- 
EREG2 := 0002h if flags set 
wrong 


. := xxxxh flags cleared 
wrong 
- 
EREG2 := offending Int. Pend. 
value 


This module verifies that TIMERl is changing. then attempts to change the value in the 
ZERO register. Then, a set of PUSHFs and POPFs is done with test values to verify 
correct action of these instructions. The carry, sticky and overflow bits in the program 
status word are then tested. Finally, the Interrupt Pending register bits are tested for their 
ability to be set and cleared. Any unexpected result is reported. 


Any error found having to do with the PUSHF/POPF instructions or the PSW, including 
Interrupt Pending, will cause interrupts to be disabled before returning to the calling 
module. 
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Program 
Counter 
(SYS03) 


Brief Description: 


This test writes code into a user selected partition of RAM and executes the code. Elapsed 
time and special registers are checked for correctness. 


Assembly Language Calling Sequence: 


PUSH 
PUSH 
CALL 


<start address> 
<end address> 
SYS03 


When Test Passes: 
If Test Fails: 


EREGl 
:= 0003h 
EREG2 := OOOOh 
EREGl 
:= OlO3h if test code returned early 
EREG2 := Early time 


EREGl 
:= 0203h if test code returned late 
EREG2 : = Late time 


EREGl 
:= 0303h if count register is incorrect 
EREG2 := erroneous counter value 


Detailed Description: 


This module accepts starting and ending addresses for an external RAM partition, adjusts 
the boundaries to be double word aligned, and writes three lines of code repeatedly into 
the partition. The code that is written increments a counter then executes two NOPs every 
12 state times. The last byte written into the RAM partition is a RET opcode. 


After the RAM partition is adjusted and the code written into the RAM, the test puts a 
return address on the STACK, stores TIMERI and CALLs the first byte of the RAM. 
When the last byte of RAM is executed, program control returns to SYS03. TIMER! is 
again stored. The test then compares the elapsed time to the expected elapsed time. The 
value remaining in the counter is also checked for correctness. Any deviations from 
expected are reported. 


Caution: Since interrupts are locked-out while the code in RAM is executing, partitioning 
more than 4000h bytes of RAM for this test could cause a WATCHDOG TIMER overflow 
if the watchdog was started before SYS03 is called. 
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3.2 ALU Tests 


Add/Subtract 
(ALU01) 


Brief Description: 


This routine 
adds then subtracts 
two carefully 
selected 
eight-word 
variables 
and verifies 
the results. 


Assembly 
Language 
Calling Sequence: 


CALL 
ALU01 


When Test Passes: 
If Test Fails: 


EREGl :=OOllh 
EREG2 := OOOOh 
EREGl := Olllh 
on an addition 
error 
: = 0211 h on a subtraction 
error 


: = 031lh 
on a flag error 


EREG2 := offending 
argument 
on error 


Detailed 
Description: 


Two eight-word 
operands 
are added together 
and the results verified. 
Then, 
the operands 
are subtracted 
and verified. 
The operands 
were chosen 
to exercise 
every 
possible 
com- 
bination 
of two bits and a carry into each bit of the adder. 
Correctness 
of the result and 
the resultant 
flags is verified. 


The operands 
are: 


05555AAAA5555AAAAFFFFOOOOAAAA5555H 
+ 05555AAAAAAAA5555FFFFOOO05555AAAAH 


OAAAB555500000000FFFEOOOOFFFFFFFFH 


05555AAAAAAAA5555FFFFOOO05555AAAAH 
- OAAAA5555AAAA55550000FFFF5555AAAAH 


OAAAB555500000000FFFEOOOOFFFFFFFFH 


Some 
versions 
of SIM96 
d? not pass this test. 


5-407 


• 


intel.. 


MCS®-96 
Diagnostics 
Library 


MULUB 
(ALU02) 


Brief Description: 


This module 
simply 
tests the MULUB 
instruction 
for all possible 
combinations 
of byte 


multipliers 
and multiplicands. 


Assembly Language Calling Sequence: 


CALL 
ALU02 


When Test Passes: 
If Test Fails: 


EREGI 
:= OOl2h 
EREG2 
:= OOOOh 
EREGI 
:= Ol12h 
on an error 


EREG2 
:= multiplier/multiplicand 


Detailed Description: 


This test executes 
all possible 
combinations 
of operands 
into the MULUB 
instruction. 


Results 
are verified 
through 
a method 
of addition 
and subtraction 
as operands 
cycle. 
The 


status 
of PSW flags is not verified 
in this routine. 


Multiply/Divide 
Table (ALU03) 


Brief Description: 


This module 
sends a specially 
constructed 
table of operands 
through the general Multiply/ 


Divide 
Core test (ALU05). 


Assembly Language Calling Sequence: 


CALL 
ALU03 


When Test Passes: 
If Test Fails: 


EREGI 
: = 0013h 
EREG2 
: = OOOOh 
EREG 1 : = 0 115h on a signed error 


:= 0215h 
on an unsigned 
error 


:= 0315h 
on a flag error 


EREG2 
:= offending 
argument 
on error 


Detailed Description: 


This test sends a table of operands 
through the Multiply/Divide 
Core test. The 18 operands 


were selected 
to· exercise 
all of the hardware 
multiply 
and divide 
control 
signals. 


The operands 
are: 


Arg.1,Arg.2 
Arg.1,Arg.2 


1D99H, 
9D99H, 
OE266H, 
1D99H, 
9D99H, 
OE266H, 
0063H, 
0066H, 
0063H, 


OFFFFH 
5555H 
OAAAAH 
5555H 
OAAAAH 
OFFFFH 
0055H 
OOAAH 
OOFFH 


OFFFH, 
9D99H 


5555H, 
OE266H 
OAAAAH, 
1D99H 


5555H,· 
9D99H 
OAAAAH, 
OE266H 
OFFFFH, 
0063H 
0055H, 
0066H 
OOAAH, 
0063H 


Some 
versions 
of SIM96 
will not pass this test. 
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Multiply/Divide 
Random 
(ALU04) 


Brief Description: 


This module is a pseudo-random number generator that sends pairs of arguments to the 


,Multiply/Divide 
Core test (ALU05). 


Assembly Language Calling Sequence: 


PUSH 
PUSH 
CALL 


<seed> 
<count> 
ALU04 


When Test Passes: 
If Test Fails: 


EREGl 
:= OOl4h 
EREG2 := OOOOh 
EREG 1 := 0115h on a signed error 


:= 0215h on an unsigned error 
:= 0315h on a flag error 


EREG2 := offending argument on error 


Detailed Description: 


This module first executes the table driven Multiply/Dividetest (ALU03). Then, if passed, 
pseudo-random argument pairs are generated and fed into the generalized MultiplylDivide 
Test (ALU05). The parameters passed to ALU04 set the random number seed, and the 
duration of the test. 


There is no restriction on the values passed to the test. However, it must be noted that 
all possible combinations of signed and unsigned, byte and word, two and three operand 
Multiply/Divides are done at least twice for each pair of arguments sent to ALU05. Each 
such test takes from I to 5 milliseconds depending upon the arguments. Therefore, if 
large values for the count parameter are selected, the test will be long. For example, 
lOOOhas a count will take about 12 seconds, depending upon the seed. NOTE: Some 
versions of SIM96 will not pass this test. 
• 
The formula used to generate the number pairs is as follows: 


X(n + 1) = [(0101 h + 0001 h) • X(n) + 0001h] MOD Offffh 
where X(O) = seed 
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Multiply/Divide 
Core (ALU05) 


Brief Description: 


This test performs a Divide/re-Multiply sequence for all possible combinations of two or 
three operand, signed or unsigned, byte or word operations using the arguments passed 
to it as operands. The results are verified. 


Assembly Language Calling Sequence: 


PUSH 
PUSH 
CALL 


<argument1 > 
<argument2> 
ALU05 


When Test Passes: 
If Test Fails: 


EREGl 
:= OOl5h 
EREG2 := OOOOh 
EREGl 
:= O1l5h on a signed error 
:= 0215h on an unsigned error 
:= 0315h on a flag error 


EREG2 
:= offending argument on error 


Detailed Description: 


This module takes arguments from a calling program and performs upon them all possible 
combinations of byte or word, two or three operand, signed or unsigned multiplication 
and division. Argument2 is used to create the high and low words for a word Divide, 
and the low byte of Argumentl is used as the divisor in a byte Divide. 


The test checks multiplication and division by first dividing one operand by the other, 
then multiplying the quotient by the divisor and adding the remainder. If the result is the 
original dividend, the operations were correct. However, the possibility of legitimate 
division overflows must also be considered. 


The test first performs a division and checks flag status for correct indication of overflow 
conditions. If there has been an overflow, the dividend is right shifted by one, the expected 
result is updated, and the division is performed over. If a division by zero occurred, just 
the expected result is corrected and the test is continued. 


After a division and overflow checklfixup is complete, a re-multiplication occurs and the 
result verified. Flag status is also verified. If the results are correct, the original operands 
are reloaded into the test operand registers and the next Divide/re-Multiply combination 
is begun. 


All Divide/Multiply combinations are performed twice. Once with flags set upon entry, 
and once with flags clear upon entry. 


CALLing ALU03 will run a specially selected table of operands through this test. CALL- 
ing ALU04 will run a pseudo-random string of operands through this test. 
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3.3 MemoryTests 


Complementary 
Address 
(MEM01) 
(for registers) 


Brief Description: 


This module performs a complementary address test on the registers locations lab to 
Offh. 


Assembly Language Calling Sequence: 


CALL 
MEM01 


When Test Passes: 
If Test Fails: 


EREGl 
:= 0021h 
EREG2 := OOOOh 
EREGl 
:= Ol2lh 
EREG2 := address of the error 


Detailed Description: 


This module performs a simple address and integrity test on register locations lah-Offh. 
The algorithm stores the value NOT(ADDRESS) in the location pointed to by ADDRESS 
for the range, then loops through memory again to verify the contents. 


Caution: 
If the STACK is partially internal, the STACK POINTER must be pointing at 
least 260 bytes into external RAM at the time MEMOl is called. The STACK cannot be 
entirely internal. The arithmetic flags in the PSW are undefined after execution of MEMO1. 
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Walking 
Ones/Zeros 
(MEM02) 
(for registers) 


Brief Description: 


This module performs a Walking Ones and Zeros test on the internal registers lah-Offh. 


Assembly Language Calling Sequence: 


CALL 
MEM02 


When Test Passes: 
If Test Fails: 


EREG 1 := 0022h 
EREG 1 := OOOOh 
EREGl 
:= Ol22h 
EREG2 := address of the error 


Detailed Description: 


This module performs a Walking Ones and Zeros test on the internal registers. 


The Walking Ones memory test first loads zero in all locations to be tested. Then, ones 
are placed in the first byte of memory, followed by a verification of all locations. Next, 
the first location is zeroed and ones are loaded into the second location. All memory is 
again verified. This process continues until all locations have been loaded with ones. 


The Walking Zeros memory test works exactly like Walking Ones, except that a zero is 
"walked" 
through memory filled with ones, instead of ones being walked through a 
memory filled with zeros. 


Caution: If the STACK is partially internal, the STACK POINTER must be pointing at 
lest 260 bytes into external RAM at the time MEM02 is called. The STACK cannot be 
entirely internal. The arithmetic flags in the PSW are undefined after execution of MEM02. 


/ 
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Galloping 
OneslZeros 
(MEM03) 
(for registers) 


Brief Description: 


This module performs a Galloping Ones and Zeros test on the internal registers lah-Offh. 


Assembly Language Calling Sequence: 


CALL 
MEM03 


When Test Passes: 
If Test Fails: 


EREGl 
EREG2 
EREGl 
EREG2 
Ol23h 
address of the error 
0023h 
OOOOh 


Detailed Description: 


This module performs a Galloping Ones and Zeros test on internal registers. 


The Galloping Ones algorithm tests memory by first loading zeros into all locations: Then 
ones are loaded into the first"byte and all memory is verified. The verification is done 
by alternating reads to the first location and locations through all memory. Next, ones 
are placed in the second location without altering the first. Verification is again performed 
by alternating reads to the second location and the rest of memory. This process continues 
until all locations contain ones. 


The Galloping Zeros test is similar to Galloping Ones, except that zeros slowly fill a 
memory filled with ones. In Galloping Ones, ones slowly fill a memory filled with zeros. 


Caution: If the STACK is partially internal, the STACK POINTER must be pointing at 
least 260 bytes into external RAM at the time MEM03 is called. The STACK cannot be 
entirely internal. The arithmetic flags in the PSW are undefined after execution of MEM03. • 
Bits Set (MEM04) 


Brief Description: 


This module returns the number of bits set in the parameter passed to the routine. 


Assembly Language Calling Sequence: 


PUSH 
CALL 
test.i.value 
MEM04 


When All Bits Zero: 
When One or More Bits Set: 


EREGl 
EREG2 
0024h 
OOOOh 
EREGl 
EREG2 
Ol24h 
number of bits set 


Detailed Description: 


This module returns the number of bits that are set in the low byte of the parameter 
passed to the test. Any addressing mode may be used to put a value on the STACK, but 
the parameter on the STACK is treated as an immediate value. 
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Checkerboard 
Pattern (MEMOS) 
(for registers) 


Brief Description: 


This module performs a Checkerboard Pattern test on the internal registers lah-Offh. 


Assembly Language Calling Sequence: 


CALL 
MEMOS 


When Test Passes: 
If Test Fails: 


EREGl 
EREG2 
EREGl 
EREG2 
0125h 
address of the error 
0025h 
OOOOh 


Detailed Description: 


This module performs a checkerboard test on the internal registers. A checkerboard pattern 
of ones and zeros is written into the physical rows and columns of the 8096 register 
space. As the pattern is being written, it is repeatedly verified. After the entire pattern 
is in place, the memory is verified again, complemented, and re-verified. 


Caution: If the STACK is partially internal, the STACK POINTER must be pointing at 
least 260 bytes into external RAM at the time MEMOSis called. The STACK cannot be 
entirely internal. The arithmetic flags in the PSW are undefined after execution of MEMOS. 


Complementary 
Address 
(MEM06) 


Brief Description: 


This module performs a complementary address test on the memory partitioned by user 
supplied pointers. 


Assembly Language Calling Sequence: 


PUSH 
PUSH 
CALL 


<start address> 
<end address> 
MEM06 


When Test Passes: 
If Test Fails: 


EREGl .- 
EREG2 


.EREGl 
EREG2 
0126h 
offending address 
0026h 
OOOOh 


Detailed Description: 


This module performs a simple address and integrity test on RAM locations partitioned 
by the parameters passed. The algorithm stores the value NOT(ADDRESS) in the location 
pointed to by ADDRESS for the range, then loops through memory again to verify the 
contents. 
. 


Caution: Do not partition RAM that contains valid STACK elements. 
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Walking 
Ones (MEM07) 


Brief Description: 


This module performs a Walking Ones Test on the memory partitioned by the user. 


Assembly Language Calling Sequence: 


PUSH 
PUSH 
CALL 


<start address> 
<end address> 


MEMO? 


When Test Passes: 
If Test Fails: 


EREGl 
EREG2 
EREGl 
EREG2 


Ol27h 
offending address 


0027h 
OOOOh 


Detailed Description: 


This module performs a Walking Ones test on the memory partitioned by the calling 
program. The Walking Ones memory test first loads zero in all locations to be tested. 
Then, ones are placed in the first byte of memory, followed by a verification of all 
locations. Next, the first location is zeroed and ones are loaded into the second location. 
All memory is again verified. This process continues until all locations have been loaded 
with ones. 


Caution: Do not partition RAM that holds valid elements of the STACK. And, execution 
time increases non-linearly with memory partition widths. 


Galloping 
Ones (MEMOS) 


Brief Description: 
• 


This module performs a Galloping Ones test on memory partitioned by the calling 
program. 


Assembly Language Calling Sequence: 


PUSH 
PUSH 
CALL 


<start address> 
<end address> 
MEM08 


When Test Passes: 
If Test Fails: 


EREGl 
EREG2 
EREGl 
EREG2 


Ol28h 
offending address 


0028h 
OOOOh 


Detailed Description: 


This module performs a Galloping Ones test on memory locations partitioned by the 
calling program. 


The Galloping Ones algorithm tests memory by first loading zeros into all locations. Then 
ones are loaded into the first byte and all memory is verified. The verification is done 
by alternating reads to the first location and locations through all memory. Next, ones 
are placed in the second location without altering the first. Verification is again performed 
by alternating reads to the second location and the rest of memory. This process continues 
until all locations contain ones. 


Caution: 
Do not partition locations that contain valid elements of the STACK. And, 


execution time increases non-linearly with memory partition widths. 
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Walking 
OneslZeros 
(MEM09) 


Brief Description: 


This module performs a Walking Ones and Zeros test on the memory locations partitioned 
by the calling program. 


Assembly Language Calling Sequence: 


PUSH 
PUSH 
CALL 


<start address> 
<end address> 
MEM09 


When Test Passes: 
If Test Fails: 


EREGl .- 
EREG2 
EREGl 
EREG2 
0029h 
OOOOh 
0129h 
offending address 


Detailed Description: 


This module performs a Walking Ones and Zeros test on the memory partitioned by the 
calling program. 


The Walking Ones memory test first loads zero in all locations to be tested. Then, ones 
are placed in the first byte of memory, followed by a verification of all locations. Next, 
the first location is zeroed and ones are loaded into·the second location. All memory is 
again verified. This process continues until all locations have been loaded with ones. 


The Walking Zeros memory test works exactly like Walking Ones, except that a zero is 
"walked" 
through memory filled with ones, instead of ones being walked through a 
memory filled with zeros. 


Caution: 
Do not partition RAM that contains valid elements of the STACK. And, 
execution time increases non-linearly with memory partition widths. 
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Galloping 
Ones/Zeros (MEMOA) 


Brief Description: 


This module performs a Galloping Ones and Zeros test on the memory locations partitioned 
by the calling program. 


Assembly Language Calling Sequence: 


PUSH 
PUSH 
CALL 


<starting 
address> 
<ending 
address> 


MEMOA 


When Test Passes: 
If Test Fails: 


EREGl 
EREG2 
EREGl 
EREG2 
Ol2Ah 
offending address 
002Ah 


.- 
OOOOh 


Detailed Description: 


This module performs a Galloping Ones and Zeros test on memory partitioned by the 
calling program. 


The Galloping Ones algorithm tests memory by first loading zeros into all locations. Then 
ones are loaded into the first byte and all memory is verified. The verification is done 
by alternating reads to the first location and locations through all memory. Next, ones 
are placed in the second location without altering the first. Verification is again performed 
by alternating reads to the second location and the rest of memory. This process continues 
until all locations contain ones. 


The Galloping Zeros test is similar to Galloping Ones, except that zeros slowly fill a 
memory filled with ones. In Galloping Ones, ones slowly fill a memory filled with zeros. • 


Caution: 
Do not partition RAM that contains valid elements of the STACK. And, 
execution time increases non-linearly with memory partition widths. 


Checksum 
(MEMOB) 


Brief Description: 


This module calculates a 16bit checksum for the memory partition specified by the calling 
program. 


Assembly Language Calling Sequence: 


PUSH 
PUSH 
CALL 


<starting 
address> 
<ending address> 
MEMOB 


Test Returns: 


EREGl 
EREG2 
Ol2bh 
16-bit checksum 


Detailed Description: 


This module performs a 16-bit checksum on the region of memory partitioned by the 
calling program. RAM or ROM may be partitioned. The module is non-destructive to 
RAM. 
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User Pattern 
(MEMOC) 
(for registers) 


Brief Description: 


This module 
performs 
a Checkerboard 
Pattern 
test on the internal 
registers 
lah-Offh 
with 
a user specified 
bit pattern. 


Assembly Language Calling Sequence: 


PUSH 
CALL 


<desired 
bit pattern> 


MEMOC 


When Test Passes: 
If Test Fails: 


EREGl 
EREG2 
002Ch 


.- 
OOOOh 
012Ch 
address 
of the error 
EREGI 
EREG2 


Detailed Description: 


This 
module 
performs 
a checkerboard 
test on the internal 
registers 
with the bit pattern 
specified 
by the calling program. 
The pattern is written into the physical 
rows and columns 
of the 8096 register 
space. 
As the pattern 
is being written, 
it is repeatedly 
verified. 
After 
the entire pattern 
is in place, the memory 
is verified again, complemented, 
and re-verified. 


Caution: 
If the STACK 
is partially 
internal, 
the STACK 
POINTER 
must be pointing 
at 
least 260 bytes into external 
RAM at the time MEMOC is called. 
The STACK 
cannot 
be 
entirely 
internal. 
The 
arithmetic 
flags 
in the 
PSW 
are 'undefined 
after 
execution 
of 
MEMOC. 


User Pattern 
(MEMOD) 


Brief Description: 


This module 
performs 
a Checkerboard 
Pattern 
test on a specified 
region of memory 
with 
a specified 
pattern 
of bits. 


Assembly Language Calling Sequence: 


PUSH 
PUSH 
PUSH 
CALL 


<starting 
address> 
<ending 
address> 
<bit pattern> 
MEMOD 


When Test Passes: 
If Test Fails: 


EREGI 
EREG2 
EREGI 
EREG2 
012dh 
offending 
address 
002dh 
OOOOh 


Detailed Description: 


This module 
performs 
a checkerboard 
test on a region of memory 
that is specified 
by the 
calling 
program 
using 
a bit pattern 
which 
is also specified. 
First, 
the pattern 
is written 
into memory. 
As the pattern 
is being 
written, 
it is repeatedly 
verified. 
After the entire 
pattern 
is in place, 
the memory 
is verified 
again, 
complemented, 
and re-verified. 


Caution: 
Do not partition 
RAM 
that contains 
valid elements 
of the STACK. 
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3.4 Collected 
Tests Modules 


ALL Tests in ASM96 (D96A96) 


Brief Description: 


This module causes every General Diagnostics test to execute. 


Assembly Language Calling Sequence: 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


<RAM segment1 starting address> 
<RAM segment1 ending address> 
<RAM segment2 starting address> 
<RAM segment2 ending address> 
<random 
seed> 
<random test length> 
<top of code address> 
<argument1 
for Multiply/Divide Core test> 
<argument2 
for Multiply/Divide Core test> 
<bit pattern for memory test> 
D96A96 


When Tests All Pass: 


EREGl 
EREG2 


When a Test Fails: 


0030h 
code checksum 
EREGl 
EREG2 
test module error code 
test module detail code 


Detailed Description: 


This module calls all General Diagnostics using the parameters passed by the calling 
program. The parameters needed by the test for proper execution specify two areas of 
external RAM for memory tests, the ending address of code to be checksummed, the 
seed and length of the random ALU test, two specific arguments to do the Multiply/ 
Divide Core test, and a bit pattern for memory tests. 
• 
Execution speed of this test is highly dependent upon the memory partitions and the 
length requested for the random ALU test. For example, partitioning lk and 8k regions 
of memory, and calling for lOOOhrandom ALU tests, the test takes 3 hours to complete. 
Testing smaller regions of memory (i.e. lk and lk) can reduce test time to a few minutes. 


Caution: 
An external STACK must be used with this test, and it must be in a part of 
memory outside that partitioned during the CALL. 
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ALL Tests in PLM96 (D96P96) 


Brief Description: 


This module causes every General Diagnostics test module to execute. 


PLM96 Calling Sequence: 


D96P96(RAMsegment1 starting address, 


RAMsegment1 ending address, 
RAMsegment2 starting address, 
RAMsegment2 ending address, 
random seed, random test length, 
top of code address, 
argument1 for Multiply/DivideCore test, 
argument2 for Multiply/DivideCore test, 
bit pattern for memory tests); 


When All Tests Pass: 
When a Test Fails: 


PLMREG 
PLMREG+2 
OOFOh 
l6-bit checksum 
PLMREG 
PLMREG+2 
module error code 
module detail code 


Detailed Description: 


This module calls all General Diagnostics using the parameters passed during invocation. 
The parameters needed by the test for proper execution specify two areas of external 
RAM for memory tests, the ending address of code to be checksummed, the seed and 
length of the random ALU test, two specific arguments to do the MultiplylDivide Core 
test, and a bit pattern for memory tests. 


Execution speed of this test is highly dependent upon the memory partitions and the 
length requested for the random ALU test. For example, partitioning lk and 8k regions 
of memory, and calling for lOOOhrandom ALU tests, the test takes 3 hours to complete. 
Testing smaller regions of memory (i.e. lk and lk) can reduce test time to a few minutes. 


In his program, the user will have to DECLARE D96P96 an external procedure of the 
LONG type, with its parameters declared SLOW. The EREG I and EREG2 values reported 
by library modules are placed in the long-word location at PLM$REG. 


The DECLARations in D96P96 show how anyone General Diagnostic Module could be 
called from a PLM96 program. Each needed module needs to be DECLAREd an external 
procedure of the LONG type. 


Caution: 
An external STACK must be used with this test, and it must be in a part of 
memory outside that partitioned during the CALL. 
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Selected 
Tests in ASM (D96FST) 


Brief Description: 


This is an ASM module that invokes a selected set of General Diagnostic tests. 


Assembly Language Calling Sequence: 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


<RAM segment1 starting address> 
<RAM segment1 ending address> 
<RAM segment2 starting address> 
<RAM segment2 ending address> 
<random 
seed> 
<random test length> 
<top of code address> 
<argument1 
for Multiply/Divide Core test> 
<argument2 
for Multiply/Divide Core test> 
<bit pattern for memory test> 
D96FST 


When Tests All Pass: 


EREGI 
EREG2 


When a Test Fails: 


OOEOh 
code checksum 
EREGI 
EREG2 
test module error code 
test module detail code 


Detailed Description: 


This module calls the Power-up and Program Counter tests then all ALV tests. Then, 
Complementary Address, Galloping Ones/Zeros and Checkerboard tests are run on the 
internal registers. Finally, Complementary Address and specified pattern tests are done 
on external memory and the program is checksummed. 


The parameters needed by the test for proper execution specify two areas of external 
RAM for memory tests, the ending address of code to be checksummed, the seed and 
length of the random ALV test, two specific arguments to do the Multiply/Divide Core 
test, and a bit pattern for memory tests. 


Execution speed of this test is highly dependent upon the memory partitions and the 
length requested for the random ALV test. For example, partitioning lk and 8k regions 
of memory, and calling for lOOOhrandom ALV tests, the test takes about 20 seconds to 
complete. Testing smaller regions of memory (i.e. lk and lk) can reduce test time further. 


Caution: 
An external STACK must be used with this test, and it must be in a part of 
memory outside that partitioned during the CALL. 
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4.0 
THE DYNAMIC STABILITY TEST 


The Dynamic Stability Test is a set of interrupt service routines designed to run over a 
user's background task in either one stand alone 8097, or two 8097s that are cross- 
coupled. In the stand alone mode, the chip's output pins are hooked to its input pins. 
In the dual chip mode, each controller's output pins are tied to the input pins of the 
other. The minimum configuration for each mode are shown in Figures 2 and 3. See 
.Figure 11 for the circuit 
diagram 
of a board that 
can be jumpered 
for either 
configuration. 


What is Dynamic Stability? 


A "Dynamic Stability" 
test was developed to enable testing of the 8097 in an asyn- 


chronous environment. In the one chip mode, HSO events are synchronized with the HSI 
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Figure 2. 
8097 Strapback Configuration Single Chip Mode 
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event capture logic. However, in the cross-coupled mode, HSO events generated by one 
chip are captured in the HSI unit of another. As long as separate, non-syncronized clock 
sources are used for each chip, the HSI line events will occur asynchronously to the chip. 


To implement a test that could be either stand alone or eo-resident without modifica- 
tion, the creation and verification of I/O events needed to be decoupled. Thus the basic 
structure of the Dynamic Stability Test takes the form of a set of I/O Producers causing 
events that I/O Consumers verify. Figure 4 gives a macro view of the Producer/ 
Consumer relationship. 
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8097 Strapback Configuration Dual Chip Mode 
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TO 


Figure 4. 
Producer/Consumer 
Relationship 


What Does the Test Do? 


Producer/Consumer exchanges were defined to test nearly all of the 8097 I/O capabilities 
concurrently. Following initialization, the transactions described are carried out by the 
set of interrupt service routines that make up the Dynamic Stability Test. The following 
section describes the test initialization. Then the tests performed are briefly described in 
the Producer/Consumer framework. 


Initialization 


To get the ball rolling, the background task must first CALL an initialization routine 
(DSTISR). This routine clears memory, executes the Selected Tests program (D96FST) 
from the General 
Diagnostics, 
and checks for the presence of an external clock on 
T2CLK. The serial port is then initialized for internal or external baud rate generation 
based on the presence of an external clock, and sign on messages are sent over the serial 
channel. 


After initial tests are complete, and just prior to initiation of the interrupt service routines, 
a pulse is sent out on PORT!.3 that is used to synchronize controllers in the two chip 
mode. (See Figure 5.) Remember that the objective of the Dynamic Stability Test is to 
test the controllers asynchronously. Therefore, the synchronization is only done to insure 
that neither controller starts testing before both are ready to begin. 


When a controller is ready to synchronize, it places a 0 on the PORTI.3 pin and looks 
for a 0 on its PORTl.4 
pin. When a 0 is seen, the chip delays 600 microseconds, and 
then PORTl.3 is set high. The chip then loops until PORTI.4 also goes high. Another 
delay is inserted, and the tests begin. The worst skew between two controllers that can 


SYNCHRONIZATION 
SEQUENCE 
IN THE DUAL CHIP MODE 


Pl.3'" 
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Pl.4 ••• 
Pl,3 B 


Figure 5. 
Dual Chip Synchronization 
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occur using this method is 9 state times (2.25 
J.LS in a 12 Mhz system). However, the 
skew should average between four and five state times. In any case, the parts will be far 
from synchronized shortly after the tests begin. This is fine, as long as the tests begin, 
together. 


In a one chip system, this process appears as a 600 microsecond pulse on PORT!.3. 
(See Figure 6.) The tests begin 600 microseconds after the rising edge. 


When synchronization is complete, the interrupt service routines are initialized, interrupts 
are enabled, and control is returned to the background task. At this point, the testing 
really begins. 


Producers and Consumers 


The Producer/Consumer 
exchanges on the 8097 are executed by the interrupt service 
routines of the Oynamimc Stability Test. 
While some interrupt routines contain an 
entire Producer or Consumer, some are spread through many routines. Figure 7 shows 
on a broad level the transactions that occur during test execution. Short descriptions of 
each Producer and Consumer follow,along with an indication of which interrupt routines 
contain them. 


Serial Producer 
eOSTSERe 
The Serial Producer constantly transmits a table of alpha- 
betic and special characters, and test data which includes the current status of the test 
and the REAL TIME since reset. 


Serial Consumer 
eOSTSERe 
The Serial Consumer monitors the data coming over the 
serial link to see if all the expected characters are transmitted correctly and in the correct 
order. Transmission of the test data and the REAL TIME is checked by counting characters 
between carriage returns. 


Port! 
Producer 
eOSTSWTe 
The Portl Producer outputs a series of values on Portl 
that are contained in a table constructed to test all possible combinations of input and 
output of ones and zeros. The test producer executes every 5000h TIMER I counts via 
the expiration of Software Timer I. 


Port! 
Consumer 
eOSTSWTe 
The Portl Consumer verifies the patterns appearing on 
Portl using a table which contains the expected values. The check executes every lOOOh 
TIMERI counts via the expiration of Software Timer 2. 


AID Producer 
eOSTSWTe 
The AID Producer continually starts AID conversions by 
loading an HSO command to initiate an AID. The AID Producer executes every time 
Software Timer 0 expires. 


AID Consumer eOSTA20e The AID Consumer verifies the result of conversions initiated 
by the AID Producer. It then changes the channel set for conversion and loads an HSO 
command to cause a Software Timer 0 expiration. 


SYNCHRONIZATION 
PULSE IN THE SINGLE CHIP MODE 
rn 


l 


::::-----.;...------ 
Io:o"--TE-S-T- 


BEGINS 


Figure 6. 
Single Chip Sync Pulse 
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External Interrupt 
Producer eOSTUSOe The External Interrupt Producer causes rising 
edges on USO.l, 
which is tied to EXTINT. This Producer executes every time there has 
been a falling edge on USO.1. 


External 
Interrupt 
Consumer 
eOSTEXIe 
The External Interrupt Consumer responds 


to rising edges on EXTINT. It resets the WATCHDOG TIMER every execution and tests 
the Test Status Words every 30h executions to see that all tests are running. This Consumer 
also loads an HSO command to cause a falling edge on HSO.l 


PWM Producer 
eOSTTOVe 
The PWM Producer executes every time there is a timer 


overflow. In addition to changing the PWM period, it toggles an LED and checks for 
unexpected T2CLK overflows. There is no PWM Consumer per se, but the PWM output 
is tied to HSl.l 
which is configured to clock T2CLK. In this way T2CLK counts at a 
known average rate, and is used by the test in a modulo count fashion to generate a real 
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time clock. This module is also expandable to include tests that a user might want to 
execute only periodically. 


HSO Producer 
eDSTHSOe 
The High Speed Output Producer executes every time an 
HSO event on HSO.2 or HSO.3 occurs. Varying pulse widths are created on the pins 
using predetermined tables of values. The minimum pulse width is l000H; the maximum 
is OCOOOHTIMERI counts. 


HSI Consumer 
eDSTHSIe 
The high speed inputs are monitored by the High Speed 
Input Consumer. The check executes every time an event occurs on HSI.2 or HSI.3. The 
HSI Consumer verifies that the proper pulse widths appear on the pins, and that the series 
of pulse widths is in the right order. 


Interrupt 
BURST Producer 
eDSTSWT,DSTHIO,DSTHSO,DSTHSOe 
The previous 
Producer/Consumer transactions either go between controllers in the dual-chip mode, or 
stay within the same controller in the single-chip mode. However, there is one Dynamic 
Stability Test that executes invisibly to a eo-controller in the dual-chip mode. This test, 
the Interrupt BURST Test, causes a flood of interrupts that almost fully load the 8097 
with interrupt response requests. 


The Interrupt BURST Producer causes a complex chain of events that eventually lead to 
the updating of the REAL TIME Clock. Since the succession of events involves half of 
the interrupt service routines, the whole process is described here for understanding. 


The Big Picture - 
Each time the REAL TIME Clock is ready to be updated, a BURST 
of interrupts is setup to occur as close together as possible. Figure 8 shows the sequence 
of events that occur, their dependency on T2CLK and the commands written into the 
HSO CAM. If you don't need any more detail, skip "The nitty-gritty". 


The nltty-gritty 
- 
Every time an the AID Consumer finishes executing it sets up a 
Software Timer 0 expiration for TIMER I = TIMER 1 + 2. While T2CLK is between 
l00h and 6OOh,the AID Producer (Software Timer 0) causes a new conversion with an 
HSO command. If T2CLK is greater than 6OOh,then an HSO command is loaded to 
cause a falling edge on HSO.O instead of causing an AID conversion to start. This begins 
the BURST sequence. 


The falling edge on HSO.O causes an HSO interrupt and an HSI interrupt, since HSO.O 
is tied to HSI.O. The HSO interrupt loads commands to raise HSO.O at T2CLK= 1900h 
and start an AID at T2CLK= 18ffh. The HSI interrupt loads no HSO commands. 


When T2CLK= 18ffh an AID conversion is begun. When T2CLK= 1900h a rising edge 
occurs on HSO.O causing T2CLK to be reset and HSO,HSI and HSI.O interrupt requests 
to be made. At approximately the same time an AID conversion completes and the AID 
Done interrupt request is made. 


The HSO interrupt service causes no further events. The HSI interrupt service routing 
loads an HSO command to cause a Software Timer 3 interrupt at T2CLK = Offh. The 
AID 
Consumer loads an HSO command to cause a Software Timer 0 interrupt at 
TIMERl = TIMER 1 + 2. When the AID Producer executes it loads a command to start 
an AID conversion at T2CLK = l00h. And the HSI.O interrupt service routine updates 
the REAL TIME Clock (the real output from this whole mess). 


The last interrupt that is serviced from this BURST is a Software Timer 3 expiration. 
This is the BURST Checker. It verifies that all interrupts occurred within a reasonable 
time window, but causes no further events if all tests passed. 


All these activities keep the HSO CAM almost fully loaded. So, to ensure that CAM 
overwrites never occur, two precautions were taken. First, one CAM slot was allocated 
to four of the tests that use the HSO unit, and two slots were allocated for shared use 
by the Interrupt BURST process and the AID conversion process. 
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The second precaution was to confirm that either the CAM was not full or the HOLDING 
REGISTER was empty (depending upon the test) before allowing any write to the CAM. 


Figure 9 shows the HSO CAM loading over time, with T2CLK as the timebase. Exter- 
nallnterrupt, 
Port I, HSO.2 and HSO.3 events each are allocated the use of one CAM 
slot all the time. While T2CLK is below 600h, but above IOOh,another CAM slot is 
used by the AID Done - 
Start AID sequence. When T2CLK goes above 600h, two 
slots are used by the Interrupt BURST process. The BURST events conclude when 
T2CLK is reset and climbs to IOOh.At IOOh,the AID Done - 
Start AID sequence 
being again. 
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4.1 
How to Use DST96 


All program modules that are needed to run the Dynamic Stability Test are contained 
in the DST96 Library (DST96.LIB). This Library is also a part of D1AG96.LIB. To use 
the test, one or two 8097s must be configured as previously shown. A background task 
for the Dynamic Stability interrupt service routines must also be provided and linked to 
DIAG96.LIB. 
For those who don't wish to write a background task, one is provided 


(DSTUSR). But, any code may be written which follows some simple rules. 


The Software 


The software constraints are relatively minor, but they do create incompatibility with 
PLM96. All background tasks should be written in ASM96. 


Minimally, the background task must load the STACK POINTER, PUSH parameters, 
CALL DSTISR, and go into a loop. Any other code may come after the CALL to DSTISR, 
as long as: 


• 
Interrupts are never disabled for more than a few instructions; 


• 
No operations to or from special function registers occur (with the exception of reading 
TIMERl or T2CLK), and 


Other less grave limitations on the main task are that it: 


• 
Be CSEGed at 2080h; 


5-429 


• 


intel· 
MCS@-96 Diagnostics Library 


• 
Write only to EREGl, EREG2, OSEG registers from 40h to 5Ch, or external RAM, 
(the OSEG is an RL96 technicality, once DSTISR returns control to the MAIN TASK, 
locations 40h to 5Ch are not touched by the Tests); other registers can be read, but 
not written to; 


• 
Communicate to the outside world through Port3 and Port4, (these Ports are untouched 
by the tests), or memory mapped 110 registers; 


To provide the Dynamic Stability Test modules for linkage to your program, modify 
the batch file DSTRL.BAT 
to suit your system with respect to memory mapping and 
invoke the batch file with the appropriate 
background task filename. For example, 
type: 


DSTRL DSTUSR 


The Hardware 


The Dynamic Stability Test has been designed to allow flexibility in the way output 
from the tests is used. 


Minimally, no output device (printer, terminal) or function generators need to be attached 
to the test. If the LED attached to Port 2.7 is not flashing, the test failed. However, no 
other information may be gained. 


To support a greater level of debugging (of the test code initially), the test was designed 
to output status and error information to one 4800 and one 300 baud device. The baud 
rates are derived from the function generators if present. Figure 10 shows how both 
devices can be attached to the test. 


With this configuration, the test outputs an initialization message to both devices, then 
selects just the 4800 baud line for monitoring the Serial Port Producer/Consumer trans- 
actions. If an error is detected, the 300 baud line is selected for an error information 
dump. 


A diagram of the circuit used in developing the Dynamic Stabilty Test appears in Figure 
I!. It is sufficiently general purpose for use in either the single or double chip modes, 
with or without printers or terminals attached. 


The circuit requires that the 8097 110 signals be present on an SBE-96 compatible 50 
pin connector. The circuit also assumes that the analog voltage reference is provided 
through the cable. Therefore, if you are using the SBE-96, the jumpers to do this need 
to be in place (jumper numbers vary with the SBE-96 version). 


Figure 12 describes how to jumber the Dynamic Stability Test board for one or two 
chip tests. Figure 13 shows the SBE-96 50 pin connector pinout. The following sections 
describe in detail the actions of each interrupt service routine in implementing the 
Producer/Consumer 
transactions. 
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Figure 10. Output Device Selection Circuit 
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In Figure 
4-11 


is' 
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mode 
used. 
The 
function 
generalOfs 
are 


= 
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two, 
or none 
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I 


infel· 
MCS@-96 
Diagnostics 
Library 


Jumper Connections 
for Single Chip Mode 


J1 
22-37 
34 -28 
23 -38 
35 -16 
24 - 39 
42 - 31 
Also 
25-26 
43-32 
E1-E2 
45 - 48 
46 - 29 
E3- E4 


1-4-7-10-13 
15-18-21-27-30-33-36-41-44-47-50 


Jumper Connections 
for Dual Chip Mode 


J1-J2 
22-37 
23-38 
24-39 
25 -26 
42-31 
43-32 
15 -15 
18-18 
21 - 21 
27-27 
30-30 


J1-J2 
3'3- 33 
36-36 
41-41 
44 -44 
47-47 
50-50 
1-1 
9-9 
2-2 
8-8 
6-6 
11-11 
3-3 
12-12 


J1-J2 
14-14 
4-4 
5-5 
7-7 
10-10 
13-13 


J1 
J2-J1 
34-28 
45-48 
46-29 
35-16 


J2 


22-37 
23-38 
24-39 
25 -26 
42-31 
43 -32· 


34-28 
45-48 
46 -29 
35 -16 


Also 
E2-E5 
E1-E4 


Figure 
12. 
Dynamic 
Stability 
Board Jumper 
List 


ANALOG 
GROUNO 


ANALOG 
CHANNEL 
1 


ANALOG 
CHANNEL 
0 


ANALOG 
GROUND 


ANALOG 
CHANNEL 
7 


ANALOG 
CHANNEL 
5 


ANALOG 
GROUND 


DIGITAL 
GROUND 


RESET 


RXD 


DIGITAL 
GROUND 


PORT 
1.1 


PORT 
1.3 


DIGITAL 
GROUND 


HSI.l 


HSO.4IHSI.2 


DIGITAL 
GROUND 


HSO.l 


PORT 
1.5 


PORT 
1.7 


DIGITAL 
GROUND 


HSO.3 


PORT 
2.7 


DIGITAL 
GROUND 


T2CLK 


01 
2. 


.3 
40 


05 
&0 


.7 
a. 


09 
lCJe 


.11 
12. 


.13 
14. 


.15 
1&0 


.17 
la. 


.19 
20e 


.21 
22. 


.23 
240 


.25 
26e 


.27 
28. 


.29 
300 


.31 
320 


.33 
- 
.35 
3&0 


.37 
3&0 


.39 
- 
"1 
420 
~ 
- 
- 
- 
"7 
48e 


"9 
sa. 


J3 


Figure 
13. 
SBE-96 
J3 Pinout 


ANALOG 
CHANNEL 
3 


ANALOG 
GROUND 


ANALOG 
CHANNEL 
2 


ANALOG 
CHANNEL 
6 


ANALOG 
GROUND 


ANALOG 
CHANNEL 
4 


ANALOG 
VREF 


EXTERNAL 
INTERRUPT 


DIGITAL 
GROUND 


TXD 


PORT 
1.0 


PORT 
1.2 


PORT 
1.4 
HSI.O 


DIGITAL 
GROUND 


HSO.SlHSI.3 


HSO.O 


DIGITAL 
GROUND 


PORT 
1.6 
PORT 
2.6 


HSO.2 


DIGITAL 
GROUND 


PWMlPORT 
2.5 


T2RST 


DIGITAL 
GROUND 
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4.2 Test Module Descriptions 


OST Initialization 
(OSTISR) 


Brief Description: 


This module is the invocation and initialization code for the Dynamic Stability Test. 
, 
. 


Assembly Language CaUing Sequence: 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


<RAM segment1 starting address> 
<RAM segment1 ending address> 
<RAM segment2 starting address> 
<RAM segment2 ending address> 
<random seed> 
<random test length> 
<top of code address> 
<argument1 
for Multiply/Divide Core test> 
<argument2 
for Multiply/Divide Core test> 
<bit pattern for memory test> 
DSTISR 


When All Tests Pass: 


EREGl 
EREG2 
0040h 
OOOOh 


When a Test Fails: 


EREGl 
EREGl 
EREGl 
EREGl 


Ol40h on abnormal RESET 
0240h if T2CLK won't change 
0340h if T2RST did not work 
0440h if lOCO.I did not work 


EREG2 
EREG2 
EREG2 
EREG2 


Detailed Description: 


TIMER I 
xxxxh 
xxxxh 
xxxxh 


This module initializes the registers used by Dynamic Stability Test Modules, checks 
to see if there is an external clock present, tests T2CLK counting and reset functionality, 
and outputs initialization messages to the two output devices. The selected tests module 
(D96FST) from the General Diagnostics is also executed using the parameters specified. 


When all initialization tests are passed, then a synchronization is performed to place the 
two processors in a dual-chip mode test in close sync. The PORT! pins are used as to 
perform the handshaking synchronization. After synchronization, all Dynamic Stability 
Tests are activated and control is returned to the user program. 
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External 
Interrupts 
(DSTEXI) 


Brief Description: 


This module executes every time there is a rising edge on the EXTINT pin. The test , 
resets the WATCHDOG TIMER and verifies execution of all Dynamic Stability routines. 


If Test Fails: 


EREGI 
EREG2 
01AOh if a test did not execute 
Number of Shifts done 


Detailed Description: 


This routine executes every time there is a rising edge on the EXTINT pin, causing an 
external interrupt. Each execution, the WATCHDOG TIMER is reset and an HSO com- 
mand to clear the HSO.I pin in IOOOhTIMERI counts is loaded into the CAM. The 
HSO routine that responds to that event will cause HSO.I to go high, thus causing another 
vector to DSTEXI. 


Every 30h executions of this module, the Test Status Words are NOTed and then 
NORMaLized to see if any test did not execute. If any bit in the Test Status Words is 
left set after being complemented, the NORML instruction will leave the most significant 
bit set, indicating an error. If there was no error, the TSWORDs are cleared. The user 
can change a mask in DSTEXI to enable checking of any of the currently spare bits in 
TSWORD. The TSWORD bit map is as follows: 


EREG2 
BIT # 


EREG2 
BIT# 


TSWORD2 


TSWORD1 


I 
10h 
11h 
12h 
13h 
14h 
15h 
16h 
17h 
18h 
19h 
1Ah 
1Bh 
1Ch 
1Dh 
1Eh 
1Fh 
I 


I 
OFh 
OEh 
ODh 
OCh 
OBh 
OAh 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 
I 


H~O.3 
HS~.2 
HS~.1 
HS~.O 
H~I.3 
H~1.2 
HS!.O 
sw 
I 
I 


TIMERS 


SOFTWARE 
TIMER 
3/1NTERRUPT 
BURST 
CONSUMER 


SOFTWARE 
TIMER 
21PORT1 
CONSUMER 


SOFTWARE 
TIMER 
1/PORT1 
PRODUCER 


SOFTWARE 
TIMER 
O/AID 
PRODUCER/BURST 
PRODUCER 


AID 
CONSUMER 
, 


SERIAL 
PORT 
CONSUMER 


SERIAL 
PORT 
PRODUCER 


REAL 
TIME 
CLOCK 


Figure 14. Test Status Word Bit Map 
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Serial Port (DSTSER) 


Brief Description: 


This module contains the Serial Port Consumer and Producer routines for the Dynamic 
Stability Tests. It is executed on every Serial Interrupt. 


If Test Fails: 


EREGl 
EREG2 


EREGl 


OIBOh if a bad character was received 
actual received character 


02BOh if an incorrect number of characters 
came between carriage returns 
actual count 
EREG2 


Detailed 
Description: 


This interrupt service routine executes every time there is a Serial Interrupt. The data 
that is transmitted and checked by the test consists of first, the alphabet and some special 
characters; second, the current REAL TIME; and finally, the bit representation of the 
Test Status Words. The receiver verifies the alphabet and funny characters and counts 
characters until a carriage return. The following is an example of what the output looks 
like. 


ABCDEFGHIJKLMNOPQRSTUVWXYZ*#%&[)@001 
:23:59.61 111111011101111110001111 


The code first checks for a Receive Done flag. If a receive just completed, the receive 
buffer is emptied and checked for validity. If the received character is a carriage return, 
then the count since the last carriage return is checked for correctness. 


After the receive service has finished, or if there was no receive, DSTSER then checks 
for the Transmit Done flag. If more transmits can be made, the next data byte is loaded 
into the transmit buffer. If the data is exhausted, a carriage return is sent, and the routine 
.is set to transmit the first data byte again. 
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Software 
Timers 
(DSTSWT) 


Brief Description: 


This module is executed every time a Software Timer Interrupt expires. The routine 
includes the Portl Producer and Consumer, the AID producer, and the Interrupt Burst 
control and verification code. 


H a Test Fails: 


EREGl 
OIDOh If an unexpected value is found on Port I 
EREG2 
expected value in high byte, actual value in low byte 
EREGl 
02DOh AID Done interrupt did not occur within BURST window 
EREG2 
Time between AID done and Software Timer 0 
EREGl 
03DOH REAL TIME update did not occur within BURST window 
EREG2 
Time between REAL TIME update and Software Timer 0 
EREGl 
04DOH HSO.O response did not occur within BURST window 
EREG2 
Time between HSO.O interrupt and Software Timer 0 
EREGl 
05DOH HSI(.O) response did not occur within BURST window 
EREG2 
Time between HSI(.O) service and Software Timer 0 
EREGl 
OIDIH Invalid T2CLK value reached 
EREG2 
T2CLK found 
EREGl 
02DIH Test reached an illegal Software Timer 0 state 
EREG2 
the illegal case jump that was made 


Detailed Description: 


This module is called every time a Software Timer expires and causes and interrupt. 
Software timers are used by the AID Done - 
AID Trigger Sequence, the Interrupt Burst 
Sequence, and the Portl Producer and Portl Consumer. 


When Software Timer 0 expires, a case jump is done on the BURST_STATE 
variable 
to sequence the AID and interrupt BURST process to the appropriate state. Depending 
upon the value of T2CLK and the state of the AID converter, either an AID conversion 
is initiated or HSO.O is set to go low to begin the interrupt BURST events. 


When Software Timer! expires, a new value is written to Portl from a table constructed 
to test all combinations of input/output states on the quasi-bidirectional port pins. The 
HSO CAM is also loaded with a command to cause Software Timer! to overflow again 
in 5000h TIMERI counts. 


When Software Timer 2 expires, Portl is read and compared to a table of expected entries. 
If the value is correct, then an HSO command is loaded into the CAM to cause another 
Software Timer 2 expiration in lOOOhTIMERI counts. If the value is not correct, the 
next entry in the Table is checked. If there is still no match, an error is reported. If there 
is a match, the CAM loading occurs and Software Timer 3 is checked for expiration. 


If Software Timer 3 has expired, then the flurry of BURST interrupts should have just 
occurred. The routine checks to see that each event happened within a reasonable time 
window. If the checks pass, then the routine exists with no further action. 
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Real Time Clock (HSIO) (DSTHIO) 


Brief Description: 


This routine executes every time there is a rising edge on HSl.O and updates the real 
time clock value. 


When Module 
Executes: 


REAL_TIME 
:= REAL_TIME 
+ .204 seconds 


Detailed 
Description: 


This module is the HSl.O interrupt service routine. On each rising edge of HSl.O, the 
value in the REAL TIME clock buffer is updated to reflect the passing of 1900h T2CLK 
counts. Since the PWM output is tied to T2CLK, and the average time between edges 
is 31.875 us in a 12 MHz system, then 1900h T2CLK counts represents .204 seconds. 


Execution of this module occurs during the interrupt BURST events. No action other 
than updating the REAL TIME clock is taken in this routine. 


High Speed Outputs 
(DSTHSO) 


Brief Description: 


This module manages the pulse width outputs on HSO.2 and HSO.3, and causes the 
Manager test to execute. 


Detailed 
Description: 


Every time an HSO command is executed that has the Interrupt bit set, this program 
executes. The routine manages the pulse widths on HSO lines two and three, and causes 
the Manager module to execute at the right time. 


When a falling edge has been caused on either HSO.2 or HSO.3, DSTHSO loads a 
command into the CAM to cause a rising edge on the same line at a time that gives the 
line a low pulse width equal to a predetermined table value. Rising edges cause analogous 
responses. The tables used cause low and high pulse widths that vary from lOOOhand 
OCOOOh.The length of the tables differ by one so that all combinations of low and high 
table times occur. 


When a falling edge was caused on HSO.l, the routine loads a command into the CAM 
to cause a rising edge on the same line two TIMERl counts later. Since HSO.l is tied 
to the EXTINT pin, rising edges cause the Manager Routine to execute. 
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High Speed 
Inputs (DSTHSI) 


Brief Description: 


This module 
does the verification 
of events 
on the HSI lines and initiates 
some interrupt 
BURST 
events 
when appropriate. 


If a Test Fails: 


EREGI 
016lh 
if a high pulse on HSl.2 
had an unexpected 
width 
EREG2 
difference 
between 
actual 
and expected 
pulse width 


EREGI 
026lh 
if a low pulse on HSI.2 
had an unexpected 
width 
EREG2 .- difference 
between 
actual 
and expected 
pulse width 


EREGI 
0361 h if a high pulse on HSI.3 
had an unexpected 
width 
EREG2 
difference 
between 
actual 
and expected 
pulse width 


EREGl - 0461h 
if a low pulse on HSI.3 
had an unexpected 
width 
EREG2 - difference 
between 
actual 
and expected 
pulse width 


EREGI 
0561 h if the HSI unit indicated 
that an HSl.l 
event occurred 
EREG2 
the time recorded 
in the FIFO 


Detailed Description: 


This 
module 
executes 
every 
time 
an event 
is loaded 
into the HSI 
Holding 
Register. 
Verification 
of pulse widths 
on HSI.2 
and HSI.3 
is done from tables of expected 
values. 


Any deviation 
is reported 
as an error. 


If the test detects 
a negative 
transition 
on HSI.O, 
then commands 
are loaded 
into the 
HSO 
CAM 
to start 
an AID 
at T2CLK 
= 
18ffh and to set HSO.O high at T2CLK 
= 
1900h. This results 
in an HSO, 
HSI; HSI.O and AID Done interrupt 
requests 
to occur at 
approximately 
the same time - 
approaching 
a full demand 
on interrupt 
service. 


When 
a rising 
edge on HSI.O is detected, 
an HSO command 
is loaded 
into the CAM to 
cause a Software 
Timer 3 interrupt 
when T2CLK 
= l00h. The Software 
Timer 3 interrupt 


service 
will check 
to see that all burst events 
happened 
fast enough. 


HSl.l 
events 
are disabled 
from the FIFO. 
Any event detected 
on this line is reported 
as 
an error. 


5-438 


intel· 
MCS®-96 Diagnostics Library 


AID Conversion 
Complete 
(DSTA2D) 


Brief Description: 


This module executes every time an NO conversion is complete. The conversion result 
is checked for correctness, the NO converter is setup to convert on the next channel 
when initiated by an HSO command, and an HSO command to cause a Software Timer 
o expiration is loaded. 


If Test Fails: 


EREGl 
EREG2 
OICOh on a conversion error 
channel on which error occurred 


Detailed Description: 


This module executes every time an AID conversion is complete. The conversion result 
is checked against a test table for correctness, and the AID converter is setup to convert 
on the next channel when initiated by an HSO command. An HSO command to cause a 
Software Timer 0 expiration in 0002h TlMERI counts is loaded just prior to exiting the 
module. 


While T2CLK has a value between lOOhand 600h, AID conversions are initiated by the 
Software Timer 0 Interrupt service routine. When T2CLK goes above 600h, an AID 
conversion is initiated by the HSO.O interrupt service routine. 


Given the possibility of additive error in 5% resistors, the conversion is tested to only 
six bits of accuracy. 


Timer Overflows 
(OSTTOV) 


Brief Description: 


This module toggles a port pin tied to an LED, manages the PWM output, performs some 
simple tests, and is expandable to allow inclusion of user written tests. 


If Test Fails: 


EREGI 
EREG2 
Ol90h if T2CLK had an overflow indication 
T2CLK a the time the error was found 


Detailed Description: 


This module executes every time TIMER I or T2CLK overflow. Only TlMERI overflows 
are valid however, so T2CLK overflows are flagged as an error. Each overflow, a new 
period is loaded into the PWMCONTROL register from a table of pulse periods. If an 
LED is connected, it will appear to slowly change in intensity. Port2.7 is also toggled 
in this routine to light another LED. 


This interrupt routine can be expanded with special tests that are to execute on a periodic 
basis. Any of the spare bits in the Test Status Words can also be used by specialized 
tests. They will be checked by the Extemallnterrupt 
service routine with a simple change 
in a bit mask. 
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Macro Module 
(DSTMAC) 


Brief Description: 


This module contains four macros used by the Dynamic Stability Test. 


Assembly Language Invocation: 


SPSTATUS 
or 
SPWAIT 
or 
BR_aN_ERROR 


Temp_Register 


(RI,TI) 


label 
or 
RESET _WATCHDOG 


Detailed Description: 


The SPSTATUS Macro is used to ORB the Serial Port Status Register to a temp register. 
The Macro needs to be used to work around a bug in the 809x-90. 


The SPWAIT Macro is used to cause program execution to halt and wait for an RI or 
TI flag, depending upon which is specified. 


The BR_ON_ERROR 
Macro tests the high byte of EREGI and jumps to the label if 
the byte is not zero. This can be used every time a General Diagnostic completes since 
the detection of any error will cause the high byte of EREGl to be non-zero. 


The RESET_WATCHDOG 
Macro does just what it says. The WATCHDOG TIMER 
is reset by writing the correct sequence to location OAh. 


To access a DSTMAC macro, this module must be $INCLUDEd. 
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Error Procedure 
(DSTERR) 


Brief Description: 


This module is called if any error is detected in the Dynamic Stability Test. Information 
about the error is output over the serial port, and the test is restarted. 


Assembly Language Calling Sequence: 


Detailed Description: 


This module is CALLed on detection of any error in the Dynamic Stability Test. When 
CALLed, the procedure: 


• 
disables interrupts, 


• 
saves any rapidly changing values (TIMERl,T2CLK,HSO_STATUS, 
... 
), 
• 
waits for a serial transmit in progress to complete, 
• 
waits for the current serial receive to complete, 


• 
empties eight entries from the HSI_FIFO, 
• 
transmits an open loop sync sequence in case a eo-controller is stuck in the sync 
routine, and 
• 
waits a few hundred milliseconds to ensure that a eo-controller has also detected a 
failure. 


After these steps have been taken, the DSTERR de-selects the 4800 baud line, selects 
the 300 baud line, and outputs error messages. These messages include the Error Code 
(EREGl), the Detail Code (EREG2), the address of the line in the test which found the 
error, and the REAL TIME since reset. 


Following the error messages, the procedure dumps the data contained in the registers 
and the external error buffer out over the serial port to the 300 baud device. 


Finally, a RST instruction followed by a branch to the RST instruction is executed. If 
the WATCHDOG TIMER is externally disabled, the test will stay in this loop. If the 
WATCHDOG TIMER is not disabled, the test chip will reset, and the Dynamic Stability 
Test will reinitialize. 


DST Example 
User Code (DSTUSR) 


Brief Description: 


This is an example program that initiates the Dynamic Stability Test and then executes 
some General Diagnostics as a background task. 


Detailed Description: 


DSTUSR sends parameters defined at assembly time to the DST initialization routine 
(DSTISR). When control returns to DSTUSR, the example repeatedly executes ALUOl, 
ALU02, ALU04, ALU05 and MEMOA. It takes two minutes (with the given memory 
parameters) for the DSTUSR background task to cycle once while interrupts are running. 


When creating a custom background task, using this example program as a template will 
speed development. 
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APPENDIX A • 
DIAG96.LlB 
Error Messages by EREG1 Code 


APPENDIX B • 
DIAG96.LIB Error Messages by Module Name 


APPENDIX C • 
Description 
of DIAG96.LlB 
Batch 
Files 


APPENDIX D • 
Example Program 
Listings 
- 
D96A96 
- 
D96P96 
- 
D96FST 
- 
DSTUSR 
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DIAG96.LlB Error Messages by EREG1 Code 


0000 
No Messa~e 
EREG2 = Offffh 
MODULE = SYS01/Common Symbols 


0002 
All Tests Passed 
EREG2 = 0000 
MODULE = SYS02/System Power-up 


0003 
All Tests Passed 
EREG2 = 0000 
MODULE = SYS03/Program Counter 


0011 
All Tests Passed 
EREG2=0000 
MODULE = ALU01/Add/Subtract 


0012 
All Tests Passed 
EREG2=0000 
MODULE = ALU02lMULUB 


0013 
All Tests Passed 
EREG2 = 0000 
MODULE = ALU03/Multiply/Divide 
Table 


0014 
All Tests Passed 
EREG2 = 0000 
MODULE = ALU04/Multiply/Divide 
Random 


0015 
All Tests Passed 
EREG2 = 0000 
• 


MODULE = ALU05/Multiply/Divide 
Core 


0021 
All Tests Passed 
EREG2 = 0000 
MODULE = MEM01/Complementary 
Address (Registers) 


0022 
All Tests Passed 
EREG2 = 0000 
MODULE = MEM02lWalking OneslZeros (Registers) 


0023 
All Tests Passed 
EREG2=0000 
MODULE = MEM03/Galloping Ones/Zeros (Registers) 


0024 
No bits were set in the by1etested 
EREG2 = 0000 
MODULE = MEM04/Bits Set 


0025 
All Tests Passed 
EREG2=0000 
MODULE = MEM05/Checkerboard 
Pattern (Registers) 


0026 
All Tests Passed 
EREG2=0000 
MODULE = MEM06/Complementary 
Address 
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0027 


0028 


0029 


002A 


002C 


0020 


0030 


0040 


ooso 


OOFO 


0102 


0103 


0111 


0112 


0115 


MCS@-96 
Diagnostics 
Library 


All Tests Passed 
EREG2 = 0000 
MODULE = MEM07IWalking Ones 


All Tests Passed 
EREG2 = 0000 
MODULE = MEM08/Galloping Ones 


All Tests Passed 
EREG2=0000 
MODULE = MEM09IWalking Ones/Zeros 


All Tests Passed 
EREG2 = 0000 
MODULE = MEMOAlGalloping Ones/Zeros 


All Tests Passed 
EREG2 = 0000 
MODULE = MEMOC/User Pattern (Registers) 


All Tests Passed 
EREG2 = 0000 
MODULE = MEMOD/User Pattern 


All Tests Passed, checksum is ready 
EREG2 = 16-bit checksum 
MODULE = D96A96/ALL Tests in ASM96 


Initialization completed satisfactorily 
EREG2 = 0000 
MODULE = DSTISR/DST Initialization 


All Tests Passed, checksum is over range specified 
EREG = 16-bit checksum 
MODULE = D96FST/Selected Tests in ASM 


All Tests Passed, checksum is ready 
EREG2= 16-bit checksum 
MODULE = D96P96/ALL Tests in PLM96 


I/O Status Registers were unexpected 
EREG2 = 10SOin low by1e, IOS1 in high byte 
MODULE = SYS02lSystem 
Power-up 


Test Code Retumed Early 
EREG2 = Early Time 
MODULE = SYS03/Program Counter 


An Addition error occurred 
EREG2 = offending argument when the error occurred 
MODULE = ALU01/Add/Subtract 


Incorrect multiplication result was detected 
EREG2 = Multiplier/Multiplicand 
. 


MODULE = ALU02lMULUB 


A signed operation failed 
EREG2=oftendin9 
argument 
on error 
MODULE = ALU03/Multiply/Divide 
Table 
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0115 
A signed operation failed 
EREG2 = offending argument on error 
MODULE =ALU04/Multiply/Divide 
Random 


0115 
A signed operation failed 
EREG2 = offending argument on error 
MODULE =ALU05/Multiply/Divide 
Core 


0121 
A memory location failed 
EREG2 = address of the error 
MODULE = MEM01/Complementary 
Address (Registers) 


0122 
A memory location failed 
EREG2 = address of the error 
MODULE = MEM02lWalking Ones/Zeros (Registers) 


0123 
A memory location failed 
EREG2 = address of the error 
MODULE = MEM03/Galloping Ones/Zeros (Registers) 


0124 
At least one bit was set in the byte tested 
EREG2 = number of bits set 
MODULE = MEM04/Bits Set 


0125 
A memory location failed 
EREG2 = address of the error 
MODULE = MEM05/Checkerboard 
Pattern (Registers) 


0126 
A memory location failed 
EREG2 = address of error 
MODULE = MEM06/Complementary 
Address 


0127 
A memory location failed 
• 


EREG2 = address of the error 
MODULE = MEM07/Walking Ones 


0128 
A memory location failed 
EREG2 = address of the error 
MODULE = MEM08/Galloping Ones 


0129 
A memory location failed 
EREG2 = address of the error 
MODULE = MEM09/Walking Ones/Zero 


012A 
A memory location failed 
EREG2 = address of the error 
MODULE = MEMOAlGalloping Ones/Zeros 
•. 


012B 
16-bit Checksum is ready 
EREG2 = 16-bit Checksum 
MODULE = MEMOB/Checksum 


012C 
A memory location failed 
EREG2 = address of the error 
MODULE = MEMOC/User Pattern (Registers) 


012D 
A memory location failed 
EREG2 = address of the error 
MODULE = MEMOD/User Pattern 
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0140 


0161 


0190 


01AO 


01BO 


01CO 


0100 


0101 


0202 


0203 


0211 


0215 


0215 


0215 


0240 


MCS@-96 
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An abnormal RESET occurred 
EREG2 = TIMER1 
MODULE = DSTISR/DST Initialization 


A high pulse on HSI.2 had an unexpected width 
EREG2=difference 
between actual and expected pulse width 
MODULE = DSTHSl/High Speed Inputs 


An overflow of T2CLK was indicated 
EREG2 = TIMER1 
MODULE = DSTTOVlTimer 
Overflows 


One or more DST Module did not execute on time 
EREG2 = Number of SHIFTs done 
MODULE = DSTEXI/External 
Interrupt (Supervisor) 


An unexpected serial character was received 
EREG2 = Bad character received 
MODULE = DSTSERISerial Port 


An unexpected AID conversion result was found 
EREG2 = Channel number of unexpected result 
MODULE=DSTA2DIAlD 
Conversion Complete 


Found unexpected value on PORT1 
EREG2 = expected value in high byte, actual in low byte 
MODULE = DSTSWT/Software 
Timers 


Invalid T2CLK value reached 
EREG2 = T2CLK 
MODULE = DSTSWT/Software Timers 


TIMER1 did not change over time 
EREG2=TIMER1 
MODULE = SYS02lSystem 
Power-up 


Test Code Returned Late 
EREG2 = Late Time 
MODULE = SYS03/Program Counter 


A Subtraction error occurred 
EREG2=offending 
argument when the error occurred 
MODULE = ALU011Add/Subtract 


An unsigned operation failed 
EREG2 = offending argument on error 
MODULE = ALU03/Multiply/Divide 
Table 


• 
An unsigned operation failed 
EREG2 = offending argument on error 
MODULE = ALU04/Multiply/Divide 
Random 


An unsigned operation failed 
EREG2=offending 
argument on error 
MODULE = ALU05/Multiply/Divide 
Core 


T2CLK will not change 
EREG2=xxxx 
MODULE = DSTISRlDST Initialization 
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0261 


02BO 


02DO 


02D1 


0302 


0303 


0311 


0315 


0315 


0315 


0340 


0361 


0391 


03DO 


0402 


MCS®-96 Diagnostics Library 


A low pulse on HSI.2 had an unexpected width 
EREG2 = difference between actual and expected pulse width 
MODULE = DSTHSl/High Speed Inputs 


A carriage return was received out of sequence 
EREG2 = number of characters since a carriage return 
MODULE = DSTSERISerial Port 


AID Done did not occur within BURST window 
EREG2 = Time between AID done and Software Timer 0 
MODULE = DSTSWT/Software Timers 


Test reached an illegal Software Timer 0 state 
EREG2 = Illegal case jump made 
MODULE = DSTSWT/Software Timers 


Zero Register was found to change 
EREG2 = Program Status Word At Failure 
MODULE = SYS02/System 
Power-up 


Counter Register contained unexpected value 
EREG2 = Erroneous Counter Value 
MODULE = SYS03/Program Counter 


A flag error occurred 
EREG2 = offending argument when the error occurred 
MODULE = ALUOllAdd/Subtract 


A flag error occurred 
EREG2 = offending argument on error 
MODULE = ALU03/Multiply/Divide 
Table 


A flag error occurred 
EREG2 = offending argument on error 
MODULE = ALU04/Multiply/Divide 
Random 


A flag error occurred 
EREG2 = offending argument on error 
MODULE = ALU05/Multiply/Divide 
Co~e 


T2RST pin would not RESET T2CLK 
EREG2=xxxx 
MODULE = DSTISR/DST Initialization 


A high pulse on HSI.3 had an unexpected width 
EREG2 = difference between actual and expected pulse width 
MODULE = DSTHSIIHigh Speed Inputs 


Illegal Opcode 


REAL TIME update did not occur within BURST window 
EREG2=Time 
between REAL TIME update and Software Timer 0 
MODULE = DSTSWT/Software Timers 


PUSHF or POPF failed 
EREG2 = Erroneous PUSHed or POPed value found 
MODULE = SYS02/System 
Power-up 
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0440 


0461 


0400 


0502 


0502 


0561 


0500 


0602 


0702 


0702 


0802 


xx91 
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IOCO.1would not RESET T2CLK 
EREG2=xxxx 
MODULE = DSTISRlDST Initialization 


A low pulse on HSI.3 had an unexpected width 
EREG2 = difference between actual and expected pulse width 
MODULE = DSTHSIIHigh Speed Inputs 


HSO.O response did not occur within BURST window 
EREG2 = Time between HSO.O update and Software Timer 0 
MODULE = DSTSWT/Software 
Timers 


Sticky Bit would not set 
EREG2=3fffh 
MODULE = SYS02lSystem 
Power-up 


Sticky Bit would not clear 
EREG2 = 0000 
MODULE = SYS02lSystem 
Power-up 


HSI unit indicated an HSI.1 event occurred 
EREG2=Time 
recorded in HSI FIFO 
MODULE = DSTHSl/High Speed Inputs 


HSI(.O) response did not occur within BURST window 
EREG2= Time between HSI(.O) service and Software Timer 0 
MODULE = DSTSWT/Software Timers 


Carry Flag Test Failed 
EREG2=xxxx 
MODULE = SYS02/System Power-up 


Overflow flags would not set correctly 
EREG2 = 0002h 
MODULE = SYS02/System Power-up 


Overflow flags would not clear correctly 
EREG2=xxxx 
MODULE = SYS02lSystem 
Power-up 


Interrupt Pending Register failed readlwrite test 
EREG2 = offending Interrupt Pending byte 
MODULE = SYS02lSystem 
Power-up 


(user defined) 
EREG2 = (user defined) 
MODULE = DSTTOVlTimer 
Overflows 
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DIAG96.LIB Error Messages by Module Name 


ALU01 


ALU02 


ALU03 


ALU04 


ALU05 


Add/Subtract 
0011 All Tests Passed 
EREG2 = 0000 


0111 An Addition error occurred 
EREG2 = offending argument when the error occurred 


0211 A Subtraction error occurred 
EREG2 = offending argument when the error occurred 


0311 A flag error occurred 
EREG2 = offending argument when the error occurred 


MULUB 
0012 All Tests Passed 
EREG2 = 0000 


0112 Incorrect multiplication result was detected 
EREG2 = Multiplier/Multiplicand 


Multiply/Divide Table 
0013 All Tests Passed 
EREG2 = 0000 


0115 A signed operation failed 
EREG2 = offending argument on error 


0215 An unsigned operation failed 
EREG2 = offending argument on error 
• 


0315 A flag error occurred 
EREG2 = offending argument on error 


Multiply/Divide Random 
0014 All Tests Passed 
EREG2 = 0000 


0115 A signed operation failed 
EREG2 = offending argument on error 


0215 An unsigned operation failed 
EREG2 = offending argument on error 


0315 A flag error occurred 
EREG2 = offending argument on error 


Multiply/Divide Core 
0015 All Tests Passed 
EREG2 =ססoo 


0115 A signed operation failed 
EREG2 = offending argument on error 


0215 An unsigned operation failed 
EREG2 = offending argument on error 


0315 A flag error occurred 
EREG2 = offending argument on error 
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D96A96 


D96FST 


D96P96 


DSTA2D 


DSTEX1 


DSTHSI 


DSTISR 


DSTSER 
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All Tests in ASM96 
0030 All Tests Passed, checksum is ready 
EREG2 = 16-bit checksum 


Selected Tests in ASM 
OOEOAll Tests Passed, checksum is over range specified 
EREG2 = 16-bit checksum 


ALL Tests in PLM96 
OOFOAll Tests Passed, checksum is ready 
EREG2 = 16-bit checksum 


AID Conversion Complete 
01CO An unexpected AID conversion result was found 
EREG2 = Channel number of unexpected result 


External Interrupt (Supervisor) 
01AO One or more DST Module did not execute on time 
EREG2 = Number of SHIFTs done 


High Speed Inputs 
0161 A high pulse on HSI.2 had an unexpected width 
EREG2 = difference between actual and expected pulse width 


0261 A low pulse on HSI.2 had an unexpected width 
EREG2 ='difference between actual and expected pulse width 


0361 A high pulse on HSI.3 had an unexpected width 
EREG2 = difference between actual and expected pulse width 


0461 A low pulse on HSI.3 had an unexpected width 
EREG2 = difference between actual and expected pulse width 


0561 HSI unit indicated an HSI.1 event occurred 
EREG2 = Time recorded in HSI FIFa 


DST Initialization 
0040 Initialization completed satisfactorily 
EREG2 = 0000 


0140 An abnormal RESET occurred 
EREG2 = TIMER1 


0240 T2CLK will not Change 
EREG2 = xxxx 


0340 T2RST pin would not RESET T2CLK 
EREG2 = xxxx 


0440 IOCO.1 would not RESET T2CLK 
EREG2 = xxxx 


Serial Port 
0180 An unexpected serial character was received 
EREG2 = 8ad character received 


0280 A carriage return was received out of sequence 
EREG2 = number of characters since a carriage return 
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DSTSWT 
Software Timers 
01DO Found unexpected value on PORT1 
EREG2 = expected value in high byte, actual in low byte 


01D1 Invalid T2CLK value reached 
EREG2 = T2CLK 


02DO AID Done did not occur within BURST window 
EREG2 = Time between AID done and Software Timer 0 


02D1 Test reached an illegal Software Timer 0 state 
EREG2 = Illegal case jump made 


03DO REAL TIME update did not occur within BURST window 
EREG2 = Time between REAL TIME update and Software Timer 0 


04DO HSO.O response did not occur within BURST window 
EREG2 = Time between HSO.O update and Software Timer 0 


05DO HSI(.O) response did not occur within BURST window 
EREG2 = Time between HSI(.O) service and Software Timer 0 


DSTTOV 
Timer Overflows 
0190 An overflow of T2CLK was indicated 
EREG2 = TIMER1 


xx91 (user defined) 


EREG2 = (user defined) 


MEM01 
Complementary Address (Registers) 


0021 All Tests Passed 
EREG2 = 0000 


0121 A memory location failed 
EREG2 = address of the error 
• 
MEM02 
Walking Ones/Zeros (Registers) 
0022 All Tests Passed 
EREG2 = 0000 


0122 A memory location failed 
EREG2 = address of the error 


MEM03 
Galloping Ones/Zeros (Registers) 
0023 All Tests Passed 
EREG2 = 0000 


0123 A memory location failed 
EREG2 = address of the error 


MEM04 
Bits Set 
0024 No bits were set in the byte tested 
EREG2 = 0000 


0124 At least one bit was set in the byte tested 
EREG2 = number of bits set 
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MEM05 


MEM06 


MEM07 


MEM08 


MEM09 


MEMOA 


MEMOB 


MEMOC 


MEMOO 
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Checkerboard Pattem (Registers) 
0025 All Tests Passed 
EREG2 = 0000 


0125 A memory location failed 
EREG2 = address of the error 


Complementary Address 
0026 All Tests Passed 
EREG2 = 0000 


0126 A memory location failed 
EREG2 = address of error 


Walking Ones 
0027 All Tests Passed 
EREG2 = 0000 


0127 A memory location failed 
EREG2 = address of the error 


Galloping Ones 
0028 All Tests Passed 
EREG2 = 0000 


0128 A memory location failed 
EREG2 = address of the error 


Walking Ones/Zeros 
0029 All Tests Passed 
EREG2 = 0000 


0129 A memory location failed 
EREG2 = address of the error 


Galloping Ones/Zeros 
002A All Tests Passed 
EREG2 = 0000 


012A A memory location failed 
EREG2 = address of the error 


Checksum 
012B 16-bit Checksum is ready 
EREG2 = 16-bit Checksum 


User Pattem (Registers) 
002C All Tests Passed 
EREG2 = 0000 


012C A memory location failed 
EREG2 = address of the error 


User Pattem 
0020 All Tests Passed 
EREG2 = 0000 


0120 A memory location failed 
EREG2 = address of the error 
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SYS02 


SYS03 
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Common Symbols 
0000 No Message 
EREG2 = Offffh 


System Power-up 
0002 All Tests Passed 
EREG2 = OOOOh 


0102 1/0 Status Registers were unexpected 
EREG2 = 10SO in low byte, IOS1 in high by1e 


0202 TIMER1 did not change over time 
EREG2 = TIMER1 


0302 Zero Register was found to change 
EREG2 = Program Status Word At Failure 


0402 PUSHF or POPF failed 
EREG2 = Erroneous PUSHed or POPed value found 


0502 Sticky Bit would not set 
EREG2 = 3fffh 


0502 Sticky Bit would not clear 
EREG2 = 0000 


0602 Carry Flag Test Failed 
EREG2 = xxxx 


0702 Overflow flags would not set correctly 
EREG2 = 0002h 


0702 Overflow flags would not clear correctly 
EREG2 = xxxx 


0802 Interrupt Pending Register failed readlwrite test 
EREG2 = offending Interrupt Pending by1e 


Program Counter 
0003 All Tests Passed 
EREG2 = 0000 


0103 Test Code Returned Early 
EREG2 = Early Time 


0203 Test Code Returned Late 
EREG2 = Late Time 


0303 Counter Register contained unexpected value 
EREG2 = Erroneous Counter Value 
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DESCRIPTION OF DIAG96.LlB BATCH FILES 


The batch files that come with the library will help speed the process of either linking 
to the library as is, or revising library programs to suit custom purposes. 


Some batch files require a parameter that provides the extensionless name of a user 
definable variable file to be included in the action of the batch file. 


All DIAG96.LIB batch files assume that both the source and destination files reside in 
the same directory. Given the size of the library, and the fact that all of the files will 
not fit on one floppy disk, the command files will need to be edited if the user's system 
is not equipped with a hard disk. 


INSTAL. BAT - 
Used to install the library on a hard disk system. To install the library, 


create a directory called \ DIAG96 under the main directory, insert disk I into drive 
a: and type: 


a:Instal 


DST360K .BAT & DSTl2MEG.BAT-CAUTION: 
THEE BATCH FILES WILL 
FORMAT AND DESTROY ALL INFORMATION 
ON THE FLOPPIES USED. 


These command files were created to make the DIAG96.LIB disk set. DST360K was 
created for use with 360K floppy disks and requires three diskettes. DSTl2MEG 
was 


created for use with 1.2M disks and only needs two diskettes. The batch files will prompt 
you to change disks. MAKE SURE TO ENTER THE CORRECT 
DISK DRIVE 
WHEN INVOKING THESE BATCH FILES. ALSO MAKE SURE TO INCLUDE 
THE DRIVE ID IN THE COMMAND 
LINE. THESE 
BATCH FILES FIRST 
FORMAT THE DISK, AND WE ALL KNOW WHAT WHEN DOS DEFAULTS 
TO THE HARD DISK!!!!!!!!!! 
For example: 


DSTI2MEG a: 


SCRUB. BAT - 
CAUTION: THIS FILE DELETES FILES USING WILDCARDS. 


All Diagnostic Library related files are delected for the \ DIAG96 directory. SYS?? 
and MEM?? wildcards are used, so be forewarned. This batch file does not delete itself!!!! 
To invoke this batch file, type: 


Scrub 


D96ASM. BAT - 
Assembles all General Diagnostic modules including the PLM 
compilation of D96P96.P96. To invoke the batch file, get in the \ DIAG96 directory 
and type: 


D96ASM 


DSTASM.BAT - 
Assembles all Dynamic Stability Test modules. To invoke the batch 
file, get in \ DIAG96 directory and type: 


DSTASM 


D96LP. BAT - 
Copies all General Diagnostic list files to a printer. Invocation must 
include a device where the printer resides. For example: 


D96LP Iptl 


DSTLP. BAT - 
Copies all Dynamic Stability Test modules to a printer. Invocation 
must include a device where the printer resides. For example: 


DSTLP.BAT Iptl 


LPONLY . BAT - 
Executes D96LP.BAT and DSTLP.BAT. Invocation must include 
a device where the printer resides. For example: 


LPONLY Iptl 
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D96LIB. BAT - 
Deletes the current DIAG96.LlB collection. Also creates a new library 
of the same name using the files resident in the' 
DIAG96 directory bearing the General 
Diagnostics 
names. The DST96.LlB 
is not altered, 
and is included 
in the new 


DIAG96.LlB. To invoke the batch file, get in the' 
DIAG96 directory and type: 


D96LlB 


DSTLIB.BAT - 
Deletes the current DST96.LlB collection. Also creates a new library 
of the same name using the files resident in the 
'DIAG96 
directory bearing the 


Dynamic Stability 
Test names. Since DST96.LIB 
is included 
in DIAG96.LIB, 


DIAG96.LlB is recreated by an invocation of D96LlB.BAT. To invoke this batch file, 
get in the 'DIAG96 
directory and type: 


DSTLlB 


DSTRL.BAT - 
This batch file is of most interest to Dynamic Stability Test users. It 
links a specified main task to the library. This file makes assumptions about the hardware 
memory implementation that may not be correct. Therefore minor changes may need 
to be made to the DSTRL.BAT RL96 invocation statement. A file name without exten- 
sion must be provided and that file must reside in the 'DIAG96 
directory. The batch 
file assumes that the extension of the object file to be linked to the library is .OBJ. For 
example: 


DSTRL 
Exarnple.jask 


BLASTP. BAT - 
This batch file assembles the specified input file, then executes 


D96ASM.BAT, DSTASM.BAT, 
LPONLY.BAT, 
DSTLIB.BAT, and DSTRL.BAT. 


Then, the listfile output of the user's assembly and the print file of the linkage are 
copied to the printer specified. The batch file assumes that the input file is in the 
, DIAG96 directory and has a .A96 extension. For example: 


BLASTP Example_lptl 


BLASTN .BAT - 
This batch file executes all assemblies, compliations, and linkages 


executed in BLASTP.BA T, but no copies are sent to the printer. The batch file assumes 
that the input file is in the 'DIAG96 
directory and has a .A96 extension. For example: 


BLASTN Example.jask 


REGEN. BAT - 
Used to regenerate the library when only one module has changed. 


Specify the module that has changed when invoking this batch file. For example: 


REGEN ALU03 


MAKPLM. BAT - 
Used to make an impostor PLM96.LIB. The library created in not 


a real PLM96.LlB, and will not work with PLM programs. However, it is what is needed 
to use DIAG96.LIB. To invoke this batch file, get in the' 
DIAG96 director and type: 


~ 
MAKPLM 


MAKBH.BAT - 
Used to modify the library to run in an 8X9XBH. The 8X9XBH 
fails a flag test because of the -90 
bug relating to the Z flag on add and subtract with 
carry is inadvertantly verified by a library test. To invoke this batch file, get in the 
, DIAG96 directory and type: 


MAKBH 


D96RL.BAT - 
A generalized command that links target modules to DIAG96.LlB. It 
is intended for used when only the General Diagnostics are being used. Provide the 
target object file name and the directory in which it resides. For example: 


D96RL 'SOURCE' 
Exarnple., 
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SERIES-Ill 
MCS-96 
MACRO 
ASSEMBLER. 
Vl.0 


SOURCE 
FILE: 
:F5:D96A96.A96 
OBJECT 
FILE: 
:F5:D96A96.0BJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOGEN 
DEBUG 


ERR 
LOC 
OBJECT 
LINE 
1 
2 
3 
4 
5 
() 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31n 
33 
34 
35 
36 
37 
38 
39 
41! 
41 
42 
43 
44 
45 
46 
4"' 
=1 
48 
=1 
49 
=1 
51! 
=1 
b L 


U1~ 
U1 
Cl) 


0001! 


3000 


SOURCE 
STATEMENT 


:.**.*** ••• **** ••••• 
***** •••• 
****.****** 
•• ** ••••••• 
** •••••• 
* ••••• 
**** •••• 
ALL 
TESTS 
ASM96 
MODULE 
STACKSIZE(20) 
;**••• ****.***.***.**** 
•••••••••••••••• 
**.**** 
•••••••• 
** •••• ******** 
~030 


in 
order 
to 
run 
this 
module. 
the 
STACK 
must 
be 
ALL 
external. 
and 
the 
data 
ram 
partitioned 
for 
memory 
test 
must 
not 
include 
ANY 
of 
the 
STACK 


To 
call 
this 
module 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


'<RAM 
seqmentl 
start 
address> 
t<RAM 
segmentl 
ending 
address> 
'<RAM 
segment2 
start 
address> 
t<RAM 
seoment2 
ending 
address> 
'<random 
seed> 
.<number 
of 
cycles 
desired 
for 
random 
test> 
'<address 
of 
the 
last 
byte 
of 
rom> 
'<an 
argument 
for 
mul/div 
tests> 
'<a 
second 
argument 
for 
mul/div 
tests> 
'<a 
bit 
pattern 
for 
memory 
tests> 


D96A96 


Remember. 
this 
test 
will 
take 
a 
long 
time 
if 
large 
memory 
reqions 
are 


partitioned. 
or 
if 
a 
large 
number 
of 
cycles 
of 
random 
test 
numbers 
is 


requested. 
For 
example. 
with 
8Kbytes 
of 
Ram 
in 
each 
reqion 
the 
test 
executes 
in 
3 hours. 


It 
is 
suggested 
that 
for 
large 
memory 
tests. 
that 
the 
complimentary 
address 
test 
be 
done 
on 
the 
whole 
rp.gion 
at 
once. 
Then. 
the 
mo~e 
; exhaustive 
tests 
done 
on 
each 
memory 
chip 
in 
the 
system. 
:* •••••• 
*** •••••••• 
** •••• 
**.*****.*** 
•••••• *** •••••••• 
**.*.*.*** 
••• * •••• 


rseg 


extrn 
sp.ereql.ereq2 


cseg 
at 
3000h 
extrn 
sys0l.sys02.sys03.alu0l.alu02.alu03.alu04.alu05 
extrn 
mem0l.mem02.mem03.mem04.mem05.mem06.mem07.mem08 
extrn 
mem09.mem0a.mem0b.mem0c.me~0d 


PUBLIC 
D96A96 


$eject 


$include 
(:f3:dstmac.inc) 
;provides 
the 
macro 
BR 
ON 
Error 
:*.*.*.******** 
••***** •• ****** 
•••• ****** •••• 
****.***** 
•••••••• 
T******** ••• 
:DST 
Macros 
INCLUDE 
FILE 
:••** ••••••••••• 
** •••• ** ••••••••••• 
*** ••••••• 
;•••T** •••••••••••••••• ** •• ***.******.**.*****.** 
••••• * ••• *.*** ••• ****.*** 


m 
_. 
~l 
"0 
CD 
." 
""lo 
cc 
""l 
D) 
3r-[ 
s· 
cc 
fA 
» 
"tJ 
"tJmz2 
><c 


c 
CD 
en» 
CD 
en 


ERR 
LOC 
OBJECT 
LINE 
SOURCE 
STATEMENT 
104 
105 
0000 
106 
D96A96: 
_. 
107 
~ 
0000 
EFe0ee 
E 
108, 
CALL 
sys02 
;CALL 
the 
System 
Power 
Up 
Test 
<[ 
109 
111'1 
BR 
ON 
ERR 
Error 
Found 
8 
114 
ee0A 
EF0000 
E 
115 
CALL 
alue1 
;CALL 
the 
Add/Subtract 
test 
116 
117 
BR 
ON 
ERR 
Error 
Found 
121 
0014 
EFe0ee 
E 
122 
CALL 
a1u02 
;CALL 
the 
MULUB 
test 
123 
124 
BR 
ON 
ERR 
Error 
Found 
128 
ee1E 
EFee0e 
E 
129 
CALL 
a1ue3 
;CALL 
the 
Multiply/Divide 
Table 
130 
;driven 
test 
131 
BR 
ON 
ERR 
Error 
"Found 
135 
::: 
0028 
CB0~I0C 
E 
136 
PUSH 
ech[sp] 
;PUSH 
a 
random 
seed 
("'J 
002B 
CB000C 
E 
137 
PUSH 
ech[sp] 
;PUSH 
the 
number 
of 
tests 
desired 
[JJ 
0e2E 
EFe000 
E 
138 
CALL 
a1u04 
;CALL 
the 
Multiply/Divide 
Random 
test 
if 
139 
'" 
t:t-. 
140 
BR-ON 
ERR 
Error 
Found 
0 
144 
0;' 
01'138CB0ee6 
E 
145 
PUSH 
e6h[sp] 
;PUSH 
an 
argument 
!IQ= 
003B 
CBeee6 
E 
146 
PUSH 
e6h[sp] 
;PUSH 
another 
argument 
Q 
Ul 
0e3E 
EFee00 
E 
147 
CALL 
alue5 
;CALL 
the 
Multiply/Divide 
Core 
Test 
~ 
;,. 


148 
;;. 
Ul 
." 
...• 
149 
BR 
ON 
ERR 
Error 
Found 
t"" 
153 
;: 
..• 
1'1048EF00e0 
E 
154 
CALL 
meme1 
;CALL 
a Complementary 
Address 
test 
••..• 
155 
;on 
the 
internal 
reaisters 
..., 
156 
BR 
ON 
ERR 
Error 
Found 
160 
0052 
EF000e 
E 
161 
CALL 
meme2 
;CALL 
a Walking 
1s/es 
test 
on 
162 
;the 
internal 
registers 
163 
BR 
ON 
ERR 
Error 
Found 
167 
e05C 
EFl:Jeee 
E 
168 
CALL 
meme3 
;CALL 
a Galloping 
1s/es 
test 
on 
169 
;the 
internal 
registers 
170 
BR 
ON 
ERR 
Error 
Found 
174 
1'1066C8ee 
E 
175 
PUSH 
zero 
;PUSH 
a 
zero 
1'1068EF0e00 
E 
176 
CALL 
meme4 
;CALL 
the 
Bits 
Set 
Test 
177 
178 
BR 
ON 
ERR 
Error 
Found 
182 
0072 
EFe000 
E 
183 
CALL 
meme5 
;CALL 
a 
Checkerboard 
Pattern 
test 
184 
:for 
internal 
reqisters 
185 
BR 
ON 
ERR 
Error 
Found 
189 
007C 
CB0e14 
F: 
191'1 
PUSH 
14h[sp] 
;PUSH 
the 
start 
address 
007F 
CB0014 
E 
191 
PUSH 
14h[sp] 
; 
and 
the 
end 
address 
of 
a 
RAM 
area 
1'1082EF0000 
E 
192 
CALL 
meme6 
; 
and 
CALL 
a Complementary 
Address 
test 
193 
11 


ERR 
LOC 
OBJECT 
LINE 
SOURCE 
STATEMENT 
_. 
194 
BR 
ON 
ERR 
Error 
Found 
:l 
198 
c( 
",.,8CCB00U" 
E 
199 
PUSH 
l0h[sp] 
PUSH 
a 
second 
start 
and 
end 
address 


.,08F CB00l0 
E 
200 
PUSH 
l0h[sp] 
and 
repeat 
the 
0092 
EF0000 
E" 
201 
CALL 
mem06 
Complementary 
Address 
test 
• 


202 
203 
BR 
ON 
ERR 
Error 
Found 
207 
liJ09CCB0014 
E 
208 
PUSH 
14h[sp] 
PUSH 
a 
start 
address 
009F 
CB.,014 
E 
209 
PUSH 
14h[sp] 
PUSH 
an 
ending 
address 
00A2 
EF000., 
E 
210 
CALL 
mem07 
CALL 
a Ilalkinq 
Ones 
test 
211 
212 
BR 
ON 
ERR 
Error 
Found 
216 
liJ0ACCB0010 
E 
217 
PUSH 
10h[sp] 
PUSH 
the 
start 
and 
end 
address 
00AF 
CB0010 
E 
218 
PUSH 
10h[sp] 
for 
another 
section 
of 
RAM 
00B2 
EF0000 
E 
219 
CALL 
mem07 
and 
repeat 
the 
Halking 
Ones 
test 
220 
221 
BR 
ON 
ERR 
Error 
Found 
225 
3: 
00BC 
CB0014 
E 
226 
PUSH 
14h[sp] 
PUSH 
a 
start 
address 
~ 
00BF 
CB.,014 
E 
227 
PUSH 
14h[sp] 
PUSH 
an 
ending 
address 
Vl 


00C2 
EF0liJ00 
E 
228 
CALL 
mem08 
CALL 
a Gallopinq 
Ones 
test 
if 


'I:> 
229 
a- 
2311 
BR 
ON 
ERR 
Error 
"Found 
0 
(J1 
234 
;" 
~ 
235 
•••= 
(J1 
00CC 
CB0010 
236 
PUSH 
10h[sp] 
PUSH 
a 
second 
start 
and 
end 
address 
Cl 
ex> 
E 
~ 
IH'CF CB.,010 
E 
237 
PUSH 
10h[sp] 
for 
another 
reqion 
of 
RAM 
and 
n" 
0002 
EF0000 
E 
238 
CALL 
mem08 
CALL 
the 
Galloping 
Ones 
test 
again 
'" 
239 
t"" 
240 
BR 
ON 
ERR 
Error 
Found 
;: 
... 


244 
- - 
- 
.,... 
0.00C CB0014 
E 
245 
PUSI;I 
14h[sp] 
PUSH 
the 
start 
and 
end 
address 
of 
-e 


0110F CB0014 
E 
246 
PUSH 
l4h[sp] 
a 
region 
of 
RAM 
00E2 
EF0000 
E 
247 
CALL 
mem09 
CALL 
the 
Ilalking 
ls/0s 
test 
248 
249 
BR 
ON 
ERR 
Error 
Found 
253 
254 
0liJECCB0010 
E 
255 
PUSH 
10h[sp] 
PUSH 
the 
start 
and 
end 
address 
of 
110EF CB01H0 
E 
256 
PUSH 
10h[sp] 
another 
region 
of 
RAM 
0.,F2 EF0000 
E 
257 
CALL 
mem09 
CALL 
the 
Walking 
Is/0s 
test 
again 
258 
259 
BR-ON 
ERR 
Error 
Found 
263 
.,0FC CB0014 
E 
264 
PUSH 
14h[sp] 
PUSH 
the 
start 
and 
end 
address 
of 
00FF 
CB0014 
E 
265 
PUSH 
l4h[sp] 
a 
reqion 
of 
RAM 
0102 
EF0000 
E 
266 
CALL 
mem0a 
CALL 
a Gallopinq 
Is/0s 
test 


267 
268 
BR 
ON 
ERR 
Error 
Found 
272 
273 


010C 
CB0010 
E 
274 
PUSH 
10h[sp] 
PUSH 
the 
start 
and 
end 
address 
of 


010F 
CB0010 
E 
275 
PUSH 
10h[sp] 
another 
rea ion 
of 
RAM 
0112 
EF0000 
E 
276 
CALL 
memliJa 
CALL 
the 
Gallopinq 
Is/0s 
test 
aqain 


277 


ERR LOC 
OBJECT 


0HA 
CBIlI!J02 
0110 EF0000 


IH25 CB0014 
0128 CB0014 
012B CB0006 
012E EF0000 


0136 CB0010 
0139 CBIHJl0 
013C CB0006 
~13F EF0000 


U1 
J,. 
U1 
<0 


0147 CB0014 
014A CB0014 
IH4D EF0000 


0155 CB0010 
0158 CB0010 
015B EF0000 


0163 C98020 
0166 CB000A 
11169EF0000 


016C A1300000 


0170 CF01114 
0173 65120000 
0177 F0 


0178 


1'.11 
78 CF0014 
017B 65120000 
017F F0 


0180 


E 
E 


LINE 
278 
282 
283 
284 
285 
286 
287 
291 
292 
293 
294 
295 
296 
297 
301 
302 
303 
304 
305 
306 
307 
311 
312 
313 
314 
315 
316 
320 
321 
322 
323 
324 
325 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 


E 
E 
E 
E 


E 
E 
E 
E 


E 
E 
E 


E 
E 
E 


E 
E 


E 


E 
E 


E 
E 


SOURCE STATEMENT 
BR ON ERR 
Error Found 


PUSH 
CALL mem0c 


BR ON ERR 


PUSH 
PUSH 
PUSH 
CALL mem0d 


BR ON ERR 


PUSH 
PUSH 
PUSH 
CALL mem0d 


BR-ON ERR 


PUSH 
PUSH 
CALL sys03 


BR ON ERR 


PUSH 
PUSH 
CALL sys03 


BR ON ERR 


PUSH 
PUSH 
CALL mem0b 


LD 


POP 14h[sp] 
ADD sp,U2h 
RET 


Error Founa: 


02h[sp] 
PUSH a bit pattern 
to use and 
CALL the Checkerboard 
Pattern 
test 
for internal re~isters 
Error Found 


14h[sp] 
14h[sp] 
06h[sp] 


:PUSH the start and end address 
: of a reqion of RAM. then 
:PUSH a bit pattern 
to use. then 
:CALL the Checkerboard 
Pattern 
test 
: for 
external 
memory 
Error Found 


10h[sp] 
10h[sp] 
06h[sp] 


:PUSH the start and end address 
: of another region of RAM, then 
:PUSH a bit pattern 
to use. then 
:CALL the Checkerboard 
Pattern 
test 
: for external memory 
Error Found 


14h[sp] 
14h[sp] 
:PUSH a startinq address. 
and 
:PUSH an endinq-address 
for 
: the Program Counter 
Module 


Error Found 


10h[sp] 
10h[sp] 
:PUSH the start and end addresses 
:for a second test re~ion 
for 
: for the Program Counter 
Module 


Error Found 


.2080h 
0ah[sp] 
:PUSH the code starting 
address 
:PUSH the endinq 
code address 
:CALL the Checksum 
routine 


EREGl.t0030h 
:ALL DIAG96 TESTS 
PASSED 


: load the appropriate 
error code 


clean off the stack 


return to the calling 
program 


POP 14h[sp] 
: clean off the stack 
ADD sp,tl2h 
RET 
: return to the calling 
program 
;**** ••• ***** ••• ***.** ••• * ••••• 
***.***** 
••••• ** •••• 
********.*********.*.** 
end 
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_.er 
• 


s: 
t;l 
@ 
~ 
oor 
!IQ:0 
~ 
;:;. 
'"t:~;.. 
-e 


SYMBOL TABLE LISTING 


N A M E 


ALL.TESTS 
ASM96 


01~ 
Cl)o 


ALueI 
ALU02 
ALU03 
ALU04 
ALU0S 
BR ON ERR 
D96A96 .. 
EREGI 
. . 
EREG2 
.. 
ERROR FOUND 
MACRO-TEMP. 
MEM0I 
MEM~2 
MEM03 
MEM04 
MEMIlS 
MEM06 
MEM07 
MEM08 
MEM09 
MEM0A 
MEM0B 
MEM0C 
ME~10D 
RESET IIATCHOOG. 
RI. 
.". 
SP .... 
SP STAT 
. 
SPSl'ATUS. 
SPWAI:r. 
SYS0I 
SYS02 
SYS03 
TI. 
. 
ZERO. 


ASSEMBLY COMPLETED, 


_.l 
• 


VALUE 
ATTRIBUTES 


MODULE STACKSIZE(20) 
CODE EXTERNAL 
CODE EXTERNAL 
CODE EXTERNAL 
CODE EXTERNAL 
CODE EXTERNAL 
MACRO 
01l00H 
CODE REL PUBLIC ENTRY 
REG EXTERNAL 
REG EXTERNAL 
0I78H 
CODE REL ENTRY 
0000H 
REG REL BYTE 
CODE EXTERNAL 
CODE EXTERNAL 
CODE EXTERNAL 
CODE EXTERNAL 
CODE EXTERNAL 
CODE EXTERNAL 
CODE EXTERNAL 
CODE EXTERNAL 
CODE EXTERNAL 
CODE EXTERNAL 
CODE EXTERNAL 
CODE EXTERNAL 
CODE EXTERNAL 
MACRO 
1l006H 
NULL ABS 
REG EXTERNAL 
REG EXTERNAL 
MACRO 
MACRO 
CODE EXTERNAL 
CODE EXTERNAL 
CODE EXTERNAL 
000SH 
NULL ABS 
REG EXTERNAL 


s: 
t;5 
<3 
~o;. 


IJQ=e~~. 


I:"";;:.. 
'".. 
'< 


NO ERROR(S) FOUND. 


SERIES-Ill 
PL/M-96 Vl.0 COMPILATION 
OF MODULE ALLDIAG96TESTS 
OBJECT MODULE PLACED 
IN :F2:D96P96.0BJ 


COMPILER 
INVOKED BY: 
PLM96.B6 
:F2:D96P96.P96 CODE DEBUG 


2 
3 


4 
5 
6 


7 
B 


9 
HI 


11 
12 


13 
14 


U1 
15 
.;,. 
~ 
16 
17 
IB 


19 
20 


21 
22 


23 
24 


25 
26 
27 


28 
29 


30 
31 
32 


33 
34 
3~ 


All$Diaq96$Tests: 
DO; 


1 
2 
SYSi!2: 
PROCEDURE D~IORDEXTERNAL; 
END SYS02; 


1 
2 
2 


SYS03: 
PROCEDURE 
(parml,parm2) D~IORDEXTERNAL; 
DECLARE 
(parml,parm2) ~IORD; 
END SYS03; 


1 
2 
ALU0l: 
PROCEDURE DHORD EXTERNAL; 
END ALU01; 


1 
2 
ALU02: 
PROCEDURE DI~ORDEXTERNAL; 
END ALU02; 


1 
2 
ALU03: 
PROCEDURE DUORD EXTERNAL; 
END ALU03; 


1 
2 
2 


ALU04: 
PROCEDURE 
(parml.parm2) DWORD EXTERNAL; 
DECLARE 
(parml,parm2) ~IORD; 
END ALU04; 


1 
2 
2 


ALU05: 
PROCEDURE 
(parml,parm2) DlWRD EXTERNAL; 
DECLARE 
(parml,parm2) WORD; 
END ALU05; 


1 
2 
MEM01 : 
PROCEDURE DWORD EXTERNAL; 
END MEr~0l; 


MEM02 : 
PROCEDURE DWORD EXTERNAL; 
END MEM02; 


MEM03 : 
PROCEDURE D~IORDEXTERNAL; 
END MEM03; 
1 
2 


1 
2 
2 


MEM04: 
PROCEDURE 
(parml) DHORD EXTERNAL; 
DECLARE 
(parmt) ~IORD; 
END MEM04; 


1 
2 
MEM05: 
PROCEDURE DWORD EXTERNAL; 
END MEM05; 


MEM06: 
PROCEDURE 
(parml,parm2) DIIORDEXTERNAL; 
DECLARE 
(parml,parm2) ~IORD; 
END MEM06; 


1 
2 
2 


MEM"7: 
PROCEDURE 
(parml,parm2) DIIORDEXTERNAL; 
DECLARE 
(parml,parm2) WORD; 
END flRM"7; 
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l 
• 


~ 
~ 


'=';'1 
;;. 
'"t"";:;.. 
-e 


c 
co 
Q) 


"'0 
co 
Q) 


36 
1 
37 
2 


38 
2 


39 
1 
40 
2 
41 
2 


42 
1 
43 
2 
44 
2 


45 
1 
46 
2 


47 
2 


48 
1 
49 
2 
513 
2 


51 
1 
52 
2 


53 
2 


54 


(J'1 
55 


1. 
en 
I\) 
56 


57 


58 
59 


61 
62 


&4 
65 


67 
68 


70 


MEM08: 
PROCEDURE 
(parml.parm2) 
DlIORD EXTERNAl,; 
DECLARE 
(parml.parm2) 
WORD; 
END 
MEM08; 


_.l 
MEM09: 
PROCEDURE 
(parml.parm2) 
DWORD 
EXTERNAL; 
DECLARE 
(parml,parm2) 
WORD; 
END 
MEM09; 


• 


MEM0A: 
PROCEDURE 
(parml.parm2) 
DWORD 
EXTERNAL; 
DECLARE 
(parml.parm2) 
IIORD; 
END 
NEM0A; 


MEM0B: 
PROCEDURE 
(parml.parm2) 
DlIORD EXTERNAL; 
DECLARE 
(parml.parm2) 
WORD; 
END 
MEM0B; 


MEM"'C: 
PROCEDURE 
(parml) 
D~IORD EXTERNAL; 
DECLARE 
(parml) 
WORD; 
END 
MEM13C; 


MEM0D: 
PROCEDURE 
(parml. parm2. parm3) 
DlIORD EXTERNAL; 
DECLARE 
(parml,parm2,parm3) 
WORD; 
END 
MEM0D; 
:: 
Q 
'tJ 
\C 
'"e.;- 
IJC= 
'"~ 
;:;. 
'"r- 
e;:.. 
!!; 
'< 


DECLARE 
result 
DWORD; 


DECLARE 
error$codes 
STRUCTURE 
(number 
WORD.detail 
WORD) 
AT 
(.result); 


D96P96: 
PROCEDURE 
(raml$start.raml$stop. 
ram2$start.ram2$stop. 
random$seed.random$lenath. 
top$of$code. 
argumentl,araument2. 
bit$pattern) 
DWORD 
PUBLIC; 


2 
DECLARE 
(raml$start.raml$stop. 
ram2$start.ram2$stop. 
random$seed.random$lenqth. 
top$of$code. 
argumentl,argument2, 
bit$pattern) 
WORD 
SLOII; 


2 
2 


result=SYS02; 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


2 
2 
result=Ar.UlH; 
IF 
error$codes.number 
> 
255 
THEN 
coro 
eno$tests; 


2 
2 


result=ALU02; 
IF 
error~codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


2 
2 


result=ALU03; 
IF 
error$cod"s.number 
> 
255 
THEN 
GOTO 
l'ncl$tests; 


result=/lI.U04(47"fH,1013011); 


71 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


73 
2 
result=ALU~5(ar~umentl,ar~ument2); 
74 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 
_. 


76 
2 
result=MEM01; 
et 
77 
2 
IF 
prror$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


• 
79 
2 
result=MEM02; 
80 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


82 
2 
result=MEM03; 
83 
2 
IF 
error$codes.number 
> 
255;THEN 
GOTO 
end$tests; 


85 
2 
result=MEM04(0); 
86 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


88 
2 
result=MEM05; 
89 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


91 
2 
result=MEM06(raml$start,raml$stop); 
3: 
92 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 
o 
[FJ 
94 
result=MEM06(ram2$start,ram2$stop); 
@ 
2 
~ 
95 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 
~e 
97 
2 
result=MEM07(raml$start,raml$stop); 
;. 


98 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 
<IQ= 
Q 
U1 
~ 
~ 
le0 
2 
result=MEM07(ram2$start,ram2$stop); 
;:;. 
m 
Hll 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 
'" 
t.) 
t'"' 
le3 
2 
result=MEM08(raml$start,raml$stop); 
~ 
1\:14 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 
~ 
'< 
le6 
2 
result=MEM08(ram2$start,ram2$stop); 
le7 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


109 
2 
result=MEM09(raml$start,raml$stop); 
110 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


112 
2 
resul t=MEM09 
(ram2$start, 
ram2$stop); 
113 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


115 
2 
result=MEM0A(raml$start,raml$stop); 
116 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


118 
2 
result=MEM0A(ram2$start,ram2$stop); 
119 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


121 
2 
result=MEM0C(bit$pattern); 
122 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


124 
2 
result=MEMeO(raml$start,raml$stop,bit$pattern); 
125 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


127 
2 
result=MEM0D(ram2$start,ram2$stop,hit$pattern); 


IiI 


_.er 
• 


128 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 


13l!J 
2 
result=SYS03(raml$start.raml$stop); 
131 
2 
IF 
error$cooes.number 
> 
255 
THEN 
GOTO 
eno$tests; 
3: 
133 
2 
result=SYS03(ram2$start.ram2$stop); 
fA 
134 
2 
IF 
error$codes.number 
> 
255 
THEN 
GOTO 
end$tests; 
®~ 
136 
2 
result=MEM08(208l!Jh.top$of$code); 
0- 


U1 
0 
~ 
137 
2 
error$codes.number=0l!Jf0h; 
;g' 
IJQ 
m 
= 
~ 
0 
138 
2 
end$tests: 
RETURN 
result; 
la.;:;. 


139 
2 
END 
D96P96; 
'"c: 
er 
140 
1 
END 
All$Dia~96$Tests; 
.. 
10.. 
...• 


STATEMENT 
56 


""""0 
D96P96: 
"'~"'IlC81l0 
E 
PUSH 
?FRAMElll 
_. 


"'''02 A01!l00 
E 
LD 
?FRAMEIH •SP 
er 
1 
STATEMENT 
58 
0"05 
EF0'""'0 
E 
CALL 
SYS02 
"'!<l08A01EIl2 
R 
LD 
RESULT+2H.TMP2 
0'''1B A01C01'l 
R 
LD 
RESULT.TMP0 


1 
STATEMENT 
59 
0"0E 
89FF"'''!H1 
R 
CMP 
ERRORCODES.'0FFH 
"IH2 
D102 
BNH 
@0001 
STATEMENT 
60 
"014 
2226 
BR 
ENDTESTS 
1 
STATE~IENT 
61 
"016 
@0001: 
0016 
EF0000 
E 
CALL 
ALU01 
O019 
A01E02 
R 
LD 
RESUI.T+2H.TMP2 
001C 
A01C00 
R 
LD 
RESULT.TMP0 
STATEMENT 
62 
"01F 
89FF0000 
R 
CMP 
ERRORCODES.'0FFH 
0023 
D1I12 
BNH 
(il0002 
s: 
1 
STATEMENT 
63 
n~ 
01125 
2215 
BR 
ENDTESTS 
@ 
1 
STATt;MENT 
64 
~ 
"027 
@0002: 
~ 
0027 
EF0000 
E 
CALL 
AI.U02 
0 
"''''2AA01E02 
R 
LD 
RESULT+2H.TMP2 
jij' 
IJQ 
"02D 
AIHC00 
R 
LD 
RESULT.TMP0 
= 
01 
e 
~ 
1 
STATEMENT 
65 
~ 
(J) 
0030 
89FF0000 
R 
CMP 
ERRORCODES.'0FFH 
,i' 
01 
"034 
D102 
(il01l03 
'" 
BNH 
c 
STATEMENT 
66 
... 
11036 
2204 
BR 
ENDTESTS 
.. 
to 
1 
STATEMENT 
67 
.. 
-e 
0038 
@0003: 
0038 
EF0000 
E 
CALL 
ALU03 
003!l 
A01E02 
R 
LD 
RESULT+2H.TMP2 
Il03E 
A01C00 
R 
LD 
RESULT.TMP0 


1 
STATEMENT 
68 
0041 
89FF0000 
R 
CMP 
ERRORCODES.'0FFH 
0045 
D102 
BNH 
@0004 


1 
STATEMENT 
69 
1'047 
21F3 
BR 
ENDTESTS 
1 
STATt:MENT 
70 
"049 
@0004: 
0049 
C9EF47 
PUSH 
t47EFH 
I!04C 
C90010 
PUSH 
U000H 
I!04F 
EFil000 
E 
CALL 
ALU04 
11052 
AOIE02 
R 
LD 
RF.SULT+2H.TMP2 
0055 
A01C00 
R 
LD 
RESULT.TMP0 
1 
STATEMENT 
71 
0058 
89FF0000 
R 
CMP 
F.RRORCODES ••0FFH 


"",SC 
D102 
IlNII 
@""'05 
~ 
STATI::MENT 
72 
"'1l5E 2lDC 
!lR 
ENDTESTS 


STATt:MENT 
73 
11 


0060 
@0005: 
_. 
"'060 
CB0008 
E 
PUSH 
ARGUMENTl[7FRAME01] 
:::J 
0063 
CB0006 
E 
PUSH 
ARGUMENT2[7FRAME01] 
<£: 
1l1l('6 EF0000 
E 
CALL 
ALU05 
11069 
AillE02 
R 
LD 
RESULT+2H.TMP2 
1l06C 
A01C00 
R 
LD 
RESULT.TMP0 
• 


: 
STA~'EMENT 
74 
lle6F 
89FF0000 
R 
CMP 
ERRORCODEs.#eFFH 
13073 
D102 
BNH 
@0006 
: 
STATEMENT 
75 
13075 
21C5 
BR 
ENOTESTS 
: 
STATEMENT 
76 
01377 
@0ee6: 
0077 
EF000e 
E 
CALL 
MEM01 
007A 
AIlIE02 
R 
LD 
RESULT+2H.TMP2 
007D 
A01ce0 
R 
LD 
RESULT.TMPe 
t 
STATEMENT 
77 
0080 
89FF0000 
R 
CMP 
ERRORCOOES.#0FFH 
0084 
0102 
BNH 
@0007 


: 
STATEMENT 
78 
0"'86 
21B4 
BR 
ENDTESTS 
. 
s: 
: 
STATEMENT 
79 
n 
1l1l88 
@0007: 
'JJ 
@ 
0088 
EF0000 
E 
CALL 
MEM02 
~ 
008B 
A01E02 
R 
LO 
RESULT+2H.TMP2 
0\ 
"'08E 
A01CIlll 
R 
LD 
RESULT.TMP0 
r::;I 
: 
STATEMENT 
80 
;" 
U'1 
.J,. 
0091 
89FF0000 
R 
CMP 
ERRORCODES.#0FFH 
~= 
Cl) 
0095 
0102 
BNH 
@0008 
0 
Cl) 
~ 
: 
STATEMENT 
81 
n" 
0097 
21A3 
BR 
ENOTESTS 
'" 
: 
STATEMENT 
82 
t'"' 
01199 
@0008: 
~ 
0099 
EF0000 
E 
CALL 
MEMe3 
~..• 
009C 
A01E02 
R 
LD 
RESULT+2H.TMP2 
"" 


009F 
A01cee 
R 
LD 
RESULT.TMP0 
: 
STATEMENT 
83 
00A2 
89FF0000 
R 
CMP 
ERRORCODES.#0FFH 
00A6 
0102 
BNH 
@0e1l9 


: 
STATEMENT 
84 
00A8 
2192 
BR 
ENDTESTS 
: 
STATEMENT 
85 
~0AA 
@e009: 
00AA 
C800 
PUSH 
R0 
00AC 
EFIl1l00 
E 
CALL 
ME~104 
ll"'AF A01E"'2 
R 
LD 
RESULT+2H.TMP2 
Il"'B2 A01CIl0 
R 
LD 
HESULT.TMP0 
: 
STATEMENT 
86 
"'0B5 
89FF001l1l 
R 
CMP 
ERRORCODES.#0FFH 
0"'89 
Dl1l2 
BNH 
@01l0A 
: 
STATEMENT 
87 
00BB 
217F 
BR 
ENOTESTS 


: 
STATEMENT 
88 
01lBD 
@00eA: 
0"'BD 
EFU01l1l 
E 
CALL 
MEM05 


01lCIl lI",a:", 2 
R 
I.D 
PESULT+2H. 
Tt1P2 


0!:1C3 MICfJ0 
R 
LD 
RESULT.TMP0 
: 
STATEMENT 
89 
I'HJC6 89FF0000 
R 
CMP 
ERRORCODES.'0FFH 
_. 
00CA 
D102 
BNH 
@000B 
::::J 
: 
STATEMENT 
90 
e 
0"CC 
216E 
BR 
ENDTESTS 
: 
STATEMENT 
91 
• 
00CE 
@000B: 
00CE 
CB0016 
E 
PUSH 
RAMlSTART[?FRAMF.01] 
U0Dl 
CB0i:ll4 
E 
PUSH 
RAMlSTOP[?FRAME01] 
01:1D4 EF"'001il 
E 
CALL 
MEM06 


0"'D7 
A01E02 
R 
LD 
RESULT+2H.TMP2 
00DA 
A01CI!Jli' 
R 
LD 
RESULT.TMP0 
: 
STATEMENT 
92 
00DD 
89FF0"'00 
R 
CMP 
ERRORCODES,t0FFH 
01:1 
El 
D102 
llNH 
@000C 
: 
STATEMENT 
93 
00E3 
2157 
BR 
ENDTESTS 
: 
STATEMENT 
94 
00E5 
@000C: 
00E5 
CB0012 
E 
PUSH 
RAM2START[?FRAME01] 
::: 
1l0E8 
CB0010 
E 
PUSH 
RAM2STOP[?FRAME01] 
~ 
1l0EB 
EF0000 
E 
CALL 
MEM06 
en 
00EE 
A01E02 
R 
LD 
RESULT+2H.TMP2 
er 
\Q 
00f'l 
A01C00 
R 
LD 
RESULT,TMP0 
0- 
: 
STATt;MENT 
95 
0 


00F4 
89FF0000 
R 
CMP 
ERRORCODES,t0FFH 
;0 


IJQ 
01 
"'I:IF8D102 
8NH 
@000D 
= 
96 
c 
.i:. 
: 
STATEMENT 
~ 
C1l 
00FA 
2140 
BR 
ENDTESTS 
;:;0 
-oJ 
: 
STATEMENT 
97 
'" 
"OFC 
@000D: 
e- 


"0FC 
CB0016 
E 
PUSH 
RAmSTART[ 
?FRAME01] 
~ 
1l0F"F CBU014 
E 
PUSH 
RAMlSTOP[?FRAME01] 
••.. 
IH02 
EF0000 
E 
CALL 
MEH07 
-e 


0105 
MllE02 
R 
LD 
RESULT+2H,TMP2 
0108 
A01C00 
R 
LD 
RESULT.TMP0 
: 
STATEMENT 
98 
"10B 
89FF0000 
R 
CMP 
ERRORCODES.t0FFH 
"10F" 
D102 
BNH 
@000E 
: 
STATEMENT 
99 
0111 
2129 
BR 
ENDTESTS 
: 
STATEMENT 
100 
0113 
@000E: 
0113 
CB0012 
E 
PUSH 
RAM2START[?FRAHE01] 
iH16 
CB0010 
E 
PUSH 
RAM2STOP[?FRAME01] 
0119 
EF0000 
E 
CALL 
ME~107 
IHIC 
A01E02 
R 
LD 
RESULT+2H.TMP2 
ei i s 
A01C00 
R 
LD 
RESULT.TMP0 
: 
STATEMENT 
101 
0122 
89FF0000 
R 
CMP 
ERRORCODES.'0FFH 


0126 
D102 
BNfI 
@OI/JOF 


: 
STATEMF:NT 
102 
0128 
2112 
BR 
ENDTF:STS 


: 
STAT~:MF.NT 
103 
0121'. 
@00IlF: 
11 


012A 
CB0016 
PUSH 
RAMlSTART[?FRAME01] 
_. 
E 
cC 
IH2D 
CB0014 
E 
PUSH 
RAMlSTOP[?FRAME01] 
0130 
EF0000 
E 
CALL 
HEM08 
0133 
A01E02 
R 
LD 
RESULT+2H. 
TllP2 
0136 
MllC00 
R 
LD 
RESULT. T~IP0 
• 
: 
STATEMENT 
104 
0139 
89FF0000 
R 
CMP 
ERRORCODES.#0FFH 
013D 
D102 
BNH 
@0010 
: 
STATE~IENT 
105 
013F 
20FB 
BR 
ENDTESTS 
: 
STATE/lENT 
106 
0141 
@0010: 


.0141 
CB0012 
E 
PUSH 
RAM2START[?FRAME01] 
0144 
CB0010 
'E 
PUSH 
RAM2STOP[?FRMIE01 
] 
0147 
EN000 
E 
CALL 
~IEM08 
014A 
A01E02 
R 
LD 
RESULT+2H.TMP2 
014D 
A01C00 
R 
LD 
RESUL'r. TMP0 
: 
STATEMENT 
107 
0150 
89k'F0000 
R 
CMP 
ERRORCODES.#0FFH 
0154 
D102 
BNH 
@0011 
: 
STATEMENT 
108 
:: 
0156 
20E4 
BR 
ENDTESTS 
c""l 
: 
STATEMENT 
109 
[J'J 
0158 
@0011: 
~ 
11158 
CB0016 
E 
PUSH 
RAM1START[?FRAME01] 
-.c 
0- 
C11 
015B 
CB0014 
E 
PUSH 
RAM1STOP[?FRAME01] 
0 
J,. 
015E 
EF0000 
E 
CALL 
MEM09 
;. 
Cl) 
0161 
A01E02 
R 
I:.D 
RESULT+2H.TMP2 
IJQ 
CD 
= 
0164 
A01C00 
R 
_ 
~D 
RESULT.TMP0 
e 
STATEMENT 
IHJ 
~ 
;:;. 
0167 
89FF0000 
R 
C~IP 
ERRORCODES.#0FFH 
'" 
016B 
D102 
BNH 
@0012 
c: 
: 
STATEMENT 
111 
or.. 
016D 
20CD 
BR 
ENDTESTS 
'".. 
: 
STATEMENT 
112 
'< 
016F 
@0012: 
016F 
CB0012 
E 
PUSH 
RAM2START[?FRAME01] 
0172 
CB0010 
E 
PUSH 
RAM2STOP[?FRAME01] 
III75 
EF0000 
E 
CALL 
ME'I09 
0178 
MJlE02 
R 
LD 
RESULT+2H.TMP2 
017B 
A01C00 
R 
LD 
RESULT.TMP0 
: 
STATEMENT 
113 
017E 
89FF0000 
R 
CMP 
ERRORCODES. 
#0FFH 
' 


0182 
D102 
BNH 
@0013 
: 
STATEMENT 
114 
0184 
20B6 
BR 
ENDTESTS 
: 
STATEMENT 
115 
0186 
@0013: 
IHS6 
CB0016 
E 
PUSH 
RAMlSTART[?FRAME01] 
0189 
CB0014 
E 
PUSH 
RAMlSTOP[?FRAME01] 
018C 
EFI""00 
E 
CALL 
MEM0A 
01SE' 
A01E02 
R 
LD 
RESULT+211.TMP2 
0192 
MJlC00 
R 
LD 
RESULT. TlIP0 
: 
STATE~IENT 
116 
0195 
89FF0000 
R 
CMP 
ERRORCODES.#0FFH 
0199 
D102 
BNH 
@0014 


STATEMENT 
ll7 


1119B 
209F 
BR 
ENOTESTS 
S~'ATEMENT 
ll8 
_. 
; 
l 


0190 
@01l14: 
"'190 
CR0012 
E 
PUSH 
RAM2START[?FRAME01] 
blA'" 
CB0010 
E 
PUSH 
RAM2STOP[?FRAME01] 
01A3 
EF0000 
E 
CALL 
MEM0A 
• 


01A6 
MllE02 
R 
LO 
RESULT+2H.TMP2 
I!lA9 
A01C01l 
R 
LD 
RESULT.TMP0 
; 
STATEMENT 
ll9 
!:HAC 
89FF0000 
R 
CMP 
ERRORCODES.#0FFH 
01B0 
D102 
BNI! 
@1!1!15 
; 
STATEMENT 
121il 
01B2 
2088 
8R 
ENOTESTS 
; 
STATEMENT 
121 
"'lB4 
@0IH5: 
01B4 
CB0004 
E 
PUSH 
BITPATTERN[?FRAME01] 
01B7 
EF0000 
E 
CALL 
MEM0C 
01BA 
A01E02 
R 
LO 
RESULT+2H.TMP2 
0lBD 
A0lC00 
R 
LO 
- 
RESULT.TMP0 
; 
STATEMENT 
122 
:: 
"'lC0 
89FF0000 
R 
CMP 
ERRORCOOES.t0FFH 
n 
OlC4 
D102 
BNH 
@1il016 
00 
; 
STATEMENT 
123 
fJ 
'D 
0lC6 
2074 
BR 
ENDTESTS 
'" 
; 
STATEMENT 
124 
0 
I:!lC8 
@0016: 
jO' 
<IQ 
(11 
I:!lC8 CB0016 
E 
PUSH 
RAM1START[?FRAME01] 
= 
IillCB CB0014 
PUSH 
RAM1STOP[?FRAMEIil1] 
C> 
~ 
E 
~ 
0) 
01CE 
CB00"'4 
E 
PUSH 
BITPATTERN[?FRAME01] 
n° 
<0 
0101 
EF0000 
E 
CALL 
MEM00 
'" 
0104 
AIillE02 
R 
LO 
RESULT+2H.TMP2 
e-;: 
0107 
A01C00 
R 
LO 
RESULT.TMP0 
.. 
STATEMENT 
125 
10 
; 
.. 
01DA 
89FF0"'1:!0 
R 
CMP 
ERRORCOOES.tIilFFH 
ce 


010E 
0102 
BN/! 
@0017 
; 
STATEMENT 
126 
0lE0 
205A 
BR 
ENOTESTS 
; 
STATEMENT 
127 
IHE2 
@0017: 
IillE2 CBIil012 
E 
PUSH 
RAM2START[?FRAME01] 
0lE5 
CB0"10 
E 
PUSH 
RAM2STOP[?FRAME01] 
01E8 
CB"'004 
E 
PUSH 
BITPATTERN[?FRAME01] 
IllEB 
EF0001il 
E 
CALL 
MEMIlO 
0lEE 
A01EIil2 
R 
LO 
RESULT+2H.TMP2 
!l1F! 
A01C00 
R 
LO 
RESULT.TMP0 
: 
STATEMENT 
128 
I!lF4 
89FF01:!00 
R 
CMP 
ERRORCOOES.t0FFH 
!llF8 
0102 
BNH 
@0018 
: 
STATEMENT 
129 
"'IPA 
2040 
BR 
ENOTESTS 
; 
STATEMENT 
130 
UH'C 
@0018, 
"'lFC 
CBU016 
E 
PUSH 
RAM1START[?FRAME01] 


OlFF 
CBI1014 
E 
PUSH 
RAM1STOP[?FRAMEIil1] 


021il2 EFiHlI:!Il 
E 
CALL 
SYSIl3I 


11205 
AIHE02 
RESULT+2H.TMP2 
_. 
R 
LD 
j 
112~8 
AI11C00 
R 
LD 
RESULT.TMP0 
e 
: 
STATEMENT 
131 
02118 
89FF0000 
R 
CMP 
ERRORCODES.#0FFH 
020F' 
D102 
BNH 
@0019 
8 


: 
STATEMENT 
132 
0211 
2029 
BR 
ENDTESTS 
: 
STATEMENT 
133 
0213 
@0019: 


0213 
CB0012 
E 
PUSH 
RAI12START[?FRAME01] 
0216 
CBI'JI'J10 
E 
PUSH 
RAM2STOP[?FRAME01] 
1'J219 EF0000 
E 
CALL 
SYS03 
021C 
A01E02 
R 
LD 
RESULT+2H.TMP2 
021F 
A01C00 
R 
LD 
RESULT.TMP0 
: 
STATEMENT 
134 
0222 
89FFeJI10I'J 
R 
CMP 
P.RRORCODES.t0FFH 
1'J226 DleJ2 
RNH 
@001A 
: 
STATEMENT 
135 
eJ228 
2012 
BR 
F.NDTESTS 
::: 
: 
STATEMENT 
136 
C'"l 
I122A 
@I'J01A: 
[FJ 
022A 
C98020 
PUSH 
.2080f1 
Gl 
022D 
CBI100A 
E 
PUSH 
TOPOFCODE[?FRAME01] 
-Q 
a- 
eJ230 
EF0U00 
E 
CALL 
MEM0B 
Cl 
0233 
A01E02 
R 
LD 
RESULT+2f1.TMP2 
.;- 
01 
eJ236 
AI11C00 
R 
LD 
RESULT.TMP0 
!IQ 
J,. 
STATEMENT 
137 
=0 
~ 
0239 
ADP000 
R 
LDBZE 
ERRORCODES 
••0P0H 
~ 
0 
;:;0 
: 
STATEMENT 
138 
'" 
023C 
ENDTESTS: 
e- 
023C 
A0021E 
R 
LD 
TMP2.RESULT+2H 
;:... 
023F 
A0001C 
R 
LD 
TMP0.RESULT 
••.. 
0242 
CC00 
E 
POP 
?FRAME01 
-e 
0244 
A21822 
LD 
TMP6.[SP] 


0247 
65160018 
ADD 
SP.U6H 
024B 
E322 
BR 
[TMP6] 


STATEMENT 
139 
STATEMENT 
140 
END 


MODULE 
INFORMATION: 


CODE 
AREA 
SIZE 
= 024DH 
589D 
CONSTANT 
AREA 
SIZE 
= 0eJ00H 
0D 
DATA 
AREA 
SIZE 
= 0eJ00H 
0D 
STATIC 
REGS 
AREA 
SIZE 
= 0004H 
4D 
OVERLAYABLE 
REGS 
AREA 
SIZE 
= 0000H 
0D 
MAXIMUM 
STACK 
SIZE 
= 0\l0AH 
10D 
183 
LINES 
READ 


PL/M-96 
CONPILATION 
CO~IPLETE 0 
e III\RNINGS. 
o 
ERRORS 


MCS-96 
MACRO 
ASSEMBLER 


SERIES-Ill 
MCS-96 
MACRO 
ASSEMBLER. 
Vl.fj 


SELECTED 
TESTS 
ASM96 


SOURCE 
FILE: 
:F5:D96FST.A96 
OBJECT 
FILE: 
:F5:D96FST.OBJ 
CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
NOG EN 
DEBUG 


ERR 
LOC 
OBJECT 


(11;,. 
::! 


13131313 


1313"'0 


LINt 


2 
3 
4 
5 
6 
7 
8 
9 
11' 
11 
12 
13 
14 
15 
16 
17 
18 
19 
213 
21 
22 
23 
24 
25 
26 
27 
28 
29 
313 
31 
32 
33 
34 
35 
36 
37 


SOURCE 
STATEMENT 
:* ••• **************************************************.***************** 
Selected 
Tests 
ASM96 
MODULE 
STACKSIZE(20) 
:******************************************************************* 
0031 


In 
order 
to 
run 
this 
module. 
the 
STACK 
must 
be 
ALL 
external. 
and 
the 
data 
ram 
partitioned 
for 
memory 
test 
must 
not 
include 
ANY 
of 
the 
STACK 


To 
call 
this 
module 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


.<RAM 
seamentl 
start 
address> 
#<RAM 
segmentl 
endinq 
address> 
.<RAM 
segment2 
start 
address> 
#<RAM 
segment2 
ending 
address> 
#<random 
seed> 
#<number 
of 
cycles 
desired 
for 
random 
test> 
#<address 
of 
the 
last 
byte 
of 
ram> 
'<an 
argument 
for 
mul/div 
tests> 
#<a 
second 
argument 
for 
mul/div 
tests> 
.<a 
bit 
pattern 
for 
memory 
tests> 
D96FST 


rseg 


:•• ************************************.**************.*.*************** 


extrn 
sp.eregl.ereg2 


cseq 
extrn 
sysfjl;sys02.sysfj3.alufjl.alufj2.alufj3.alufj4.alufj5 
extrn 
memfjl.memfj2.memfj3.memfj4.memfj5.~emfj6.memfj7.memfj8 
extrn 
memfj9.memfja,memfjb.memfjc.memfjd 


PUBLIC 
D96FST 
$eject 


11 


_.et 
• 


3: 
t;l 
~ 
'C 
0-o;. 


<IQ= 
'"~ 
;:;. 
'"1'"' 
~~..• 
-e 


c 
CDen 
"'T1en 
~ 


ERR 
LOC 
OBJECT 
LINE 
38 
39 
=1 
41l 
=1 
41 
=1 
42 
=1 
43 
=1 
44 
=1 
45 
=1 
46 
=1 
47 
=1 
48 
=1 
49 
=1 
51l 
=1 
51 
=1 
52 
=1 
53 
=1 
54 
=1 
55 
=1 
56 
=1 
57 
=1 
58 
=1 
59 
=1 
61l 
=1 
61 
=1 
62 
=1 
63 
=1 
64 
=1 
65 
=1 
66 
=1 
67 
=1 
68 
=1 
69 
=1 
71l 
=1 
71 
=1 
72 
=1 
73 
=1 
74 
=1 
75 
=1 
76 
=1 
77 
=1 
78 
=1 
79 
=1 
8" 
=1 
81 
=1 
82 
=1 
83 
=1 
84 
=1 
85 
=1 
86 
=1 
87 
=1 
88 
=1 
89 
=1 
91l 
zl 
91 
=1 
92 
=1 
93 
=1 
94 


"""0 


Illlllll 


"""'""""5 
"'''"6 


U1~-..j 
N 


SOURCE 
STATEMENT 


$include 
(:f3:dstmac.inc) 
;********* 
••• ******.**** 
•• ****.*.*** 
•• ****** 
••• **** ••• 
***.****** 
•••• * ••••• 
:DST 
~1acros 
INCLUDE 
FILE 
;**** •• ** ••• ** •• ****.*** 
••• ************* 
•••• * 
: •••• ** •• ** •• ** ••• *.****** 
••••••••••• 
*****.** 
•••••• 
*** •••• 
* •••• 
*********.* 


_.er 


rseg 


macro 
temp: 
DSR 
extrn-zero,sp_stat 


cseg 
ti 
equ 
5 
ri 
egu 
6 


• 


RESET 
WATCHDOG 
MACRO 
- 
LOB 
LOB 


:*** •••• **.** •••• ** ••••••••••••••• 
*** •••••••••••• 
**.**.*.* 
•••• * •••• 
*.* •••• 


Ilah,Ueh 
Ilah,tllelh 
:::~ 
VJ 
@ 
~ 
o.r 
~ 
~~. 


;macro 
to 
reset 
the 
watchdog 


ENDM 
;•• **** •••••••• 
**** •••• ** •••• ******** 
•••• 
*****.****.**.*.**** 
•••• *.**.*.*. 


SPSTATUS 
:***************** 
••• ***** ••• ***** •• *******.* 
•••• *.*****.* 
•••• ****.* •••••• 
macro 
to 
read 
sp 
stat 
to 
work 
around 
the 
ri/ti 
bug 
on 
the 
8x9x-91l. 
Sp_read: 
LOB 
ORB 
.>.NOB 
JNE 
ENDM 


MACRO 
LOCAL 
vI 
Sp_read 


macro 
temp,sp 
stat 
vLmacro 
temp- 
macro 
temp,'"ll"""""B 
Sp_read 
e-;:...,.. 
ce 
:************************************************************************ 


SPWAIT 
:************************************************************************ 
MI\CRO 
v2 
macro 
to 
wait 
for 
ri/ti 
set 
and 
avoid 
8x9x-91l 
bug. 
NOTE I I 
this 
macro 
won't 
work 
with 
a 
£ull 
duplex 
line. 


ENDM 
:**********************************************************.************* 


JBC 
LOB 
sp 
stat,v2,$ 
zero,sp_stat 


BR 
ON 
ERR 
:****** •• ************************************************************** 
MI\CRO 
Label 
macro 
to 
test 
hiah 
byte 
of 
EREGl 
and 
branch 
away 
if 
the 
byte 
is 
non-zero 
(which 
means 
there 
was 
an 
error). 
CMPB 
BNE 
ENDtl 
:*************************************************** 
••• *•••• *** •• ****** 


ereql+lh,zero 
Label 


ERR 
LOC 
OBJECT 


I""ee 


ee0e 
EF0e0e 


000.0.EFe000 


0e14 
EFeeee 


001E 
EF000e 


0e28 
CB0eec 
0e2B 
CB0eec 
l1e2E EF000e 


0038 
CB0e06 
003B 
CB0ee6 
01/13EEF0e00 


01;.. 
...., 
c.> 
0048 
EF000e 


1/11'152 
EF0000 


ee5C 
EF0e00 


0066 
CB0014 
1:!069CBe014 
0e6<: EF0eee 


0074 
CB001e 
0077 
CB0010 
1:!07AEF0ee0 


0082 
CB0e14 
0085 
CB0014 


E 


LINE 
96 
97 
98 
99 
le0 
Ii'll 
105 
le6 
107 
108 
112 
113 
114 
115 
119 
120 
121 
122 
126 
127 
128 
129 
130 
131 
135 
136 
137 
138 
139 
140 
144 
145 
146 
147 
151 
152 
153 
154 
158 
159 
160 
161 
165 
166 
167 
168 
169 
170 
174 
175 
176 
177 
178 
179 
183 
184 
185 


E 


E 


E 


E 
E 
E 


E 
E 
E 


E 


E 


E 


E 
E 
E 


E 
E 
E 


E 
E 


D96FST: 


SOURCE 
STATEMENT 


CALL 
sys02. 
A 9 6 


BR 
ON 
ERR 


CALL 
alu01 


BR 
ON 
ERR 


CALL 
alu02 


BR 
ON 
ERR 


CALL 
alu03 


BR 
ON 
ERR 


PUSH 
PUSH 
CALL 
alu04 


BR 
ON 
ERR 


PUSH 
PUSH 
CALL 
alu05 


BR 
ON 
ERR 


CALL 
mem0l 


BR 
ON 
ERR 


CALL 
mem03 


BR 
ON 
ERR 


CALL 
mem05 


BR 
ON 
ERR 


PUSH 
PUSH 
CALL 
mem06 


BR 
ON 
ERR 


PUSH 
PUSH 
CALL 
mem06 


BR 
ON 
ERR 


PUSH 
PUSH 


;CALL 
the 
Power 
Up 
Test 


Error 
Found 


;CALL 
the 
Add/Subtract 
test 


Error 
Found 


;CALL 
the 
MULUB 
test 


Error 
Found 


;CALL 
the 
Multiply/Divide 
Tahle 
; driven 
test 
Error 
Found 


0ch[ sp] 
0ch[sp] 
;PUSH 
a 
seed 
and 
test 
length 
for 
the 
random 
number 
based 
Multiply/Divide 
Random 
test 


Error 
Found 


06h[sp] 
06h[sp] 
;PUSH 
an 
argument 
;PUSH 
another 
arqument 
;CALL 
the 
Multipiy/Divide 
Core 
test 


Error 
Found 


;CALL 
the 
Complementary 
Address 
test 
; for 
internal 
registers 
Error 
Found 


;CALL 
the 
Galloping 
Is/0s 
test 
; for 
internal 
reaisters 
Error 
Found 


;CALL 
the 
Chekerhoard 
Pattern 
test 
; for 
internal 
reqisters 
Error 
Found 


l4h[sp] 
l4h[sp] 
;PUSH 
a 
start 
and 
end 
address 
for 
a 
rea ion 
of 
RAM 
to 
conduct 
the 
Complementary 
Address 
test 
for 
external 
RAM 
Error 
Found 


l0h[sp] 
l0h[sp] 
;PUSH 
a 
start 
and 
end 
address 
for 
another 
reqion 
of 
RAM 
to 
conduct 
the 
Complementary 
Address 
test 
for 
external 
RAM 
Error 
Found 


l4h[sp] 
14h[sp] 


;PUSH 
a 
start 
and 
end 
address 
; 
for 
a 
rea ion 
of 
RAM. 
and 
PUSH 
I 


_.c( 


• 


s:: 
Q 
@ 
~o 
r;r 


IJQ=o~~. 
c~.. 
10.. 
-e 


_.er 
~ 
ERR 
LOC 
OBJECT 
LINE 
SOURCE 
STATEMENT 
01'J88CB001J6 
E 
186 
PUSH 
1'J6h[sp] 
a 
bit 
pattern 
to 
use 
in 
the 
008B 
EF0000 
E 
187 
CALL 
mem0d 
Checkerboard 
Pattern 
test 
for 
188 
external 
RAM 
189 
BR 
ON 
ERR 
Error 
Found 
193 
\j093 CB0010 
E 
194 
PUSH 
10h[sp] 
:PUSH 
a 
start 
and 
end 
address 
for 
0096 
CB0010 
E 
195 
PUSH 
10h[sp] 
: another 
region 
of 
RAM. 
and 
PUSH 
0099 
CB0006 
E 
196 
PUSH 
06h[sp] 
: a 
bit 
pattern 
to 
use 
in 
the 
1'J09CEF0001'J 
E 
197 
CALL 
mem0d 
: Checkerboard 
Pattern 
test 
for 
198 
: external 
RAM 
199 
BR 
ON 
ERR 
Error 
Found 
203 
00A4 
CB01H4 
E 
204 
PUSH 
l4h[sp] 
:PUSH 
a 
start 
and 
end 
address 
00A7 
CB0014 
E 
205 
PUSH 
l4h[sp] 
: 
for 
a 
reqion 
of 
RAM 
to 
conduct 
:: 
00AA 
Et'0000 
E 
206 
CALL 
sys03 
: the 
Pro~ram 
Counter 
test 
o 
207 
[FJ 
208 
BR 
ON 
ERR 
Error 
Found 
@ 
212 
.:c 
0- 
00B2 
CB0010 
E 
213 
PUSH 
HJh[sp] 
:PUSH 
a 
start 
and 
end 
address 
1:1 
U'I 
00B5 
CB0010 
E 
214 
PUSH 
10h[sp] 
: 
for 
another 
region 
of 
RAM 
to 
conduct 
.r 
;.. 
00B8 
EF'1'J000 
E 
215 
CALL 
sys03 
: the 
Program 
Counter 
test 
<re= 
--.j 
216 
0 
~ 
217 
BR 
ON 
ERR 
Error 
Found 
~ 
221 
;:;' 
'" 
00CI'JC98020 
222 
PUSH 
t2080h 
:PUSH 
the 
code 
starting 
address 
r 
0I'JC3CB000A 
E 
223 
PUSH 
0ah[sp] 
:PUSH 
the 
code 
ending 
address 
6'.. 
00C6 
EF0000 
E 
224 
CALL 
mem0b 
: CALL 
the 
check sum 
routine 
.,.. 
225 
<e 
00C9 
A1310000 
E 
226 
LD 
ereql. tf<'031h 
:ALL 
DIAG96 
TESTS 
PASSED 
227 
: load 
appropriate 
error 
code 
228 
00CD 
CF0014 
E 
229 
POP 
14h[sp] 
: clean 
off 
the 
stack 
0000 
65120000 
E 
230 
ADD 
Bp. #l2h 
0004 
F0 
231 
RET 
: return 
to 
the 
calling 
program 
232 
0005 
233 
Error 
Found: 
2J4 
1'J0D5CF0014 
E 
235 
POP 
14h[sp] 
: clean 
off 
the 
stack 
0008 
65120000 
E 
236 
ADD 
sp.U2h 
\j0DC t'0 
237 
RET 
: return 
to 
the 
calling 
proqram 
238 
239 
:*** ••• 
****.***.**.***.******.**.***** 
•••• ***** ••••••• 
************ 
••• ****. 
0000 
240 
end 


_.l 
SYMBOL 
TABLE 
LISTING 
• 
-------------------- 


N A 
M 
E 
VALUE 
ATTRIRUTES 


ALUlH 
----- 
CODE 
EXTERNAL 
ALU02 
----- 
CODE 
EXTERNAL 
ALUI13 
----- 
CODE 
EXTERNAL 
ALU04 
----- 
CODE 
EXTERNAL 
ALU05 
----- 
CODE 
EXTERNAL 


BR 
ON 
ERR 
----- 
MACRO 
D96FST. 
0000H 
CODE 
REL 
PUBLIC 
ENTRY 
EREGl 
----- 
REG 
EXTERNAL 
EREG2 
----- 
REG 
EXTERNAL 
ERROR 
~'OUND 
00D5H 
CODE 
REL 
ENTRY 
MACRO-TEMP. 
0000H 
REG 
REL 
BYTE 
~ 
MEM01 
----- 
CODE 
EXTERNAL 
MI::M02 
----- 
CODE 
EXTERNAL 
g 
MEMI13 
----- 
CODE 
EXTERNAL 
if 
MEM04 
----- 
CODE 
EXTERNAL 
\Cl 
'" 
MEM05 
----- 
CODE 
EXTERNAL 
0 
(J1 
/1EM06 
----- 
CODE 
EXTERNAL 
;. 
.t.. 
MEM07 
----- 
CODE 
EXTERNAL 
IJQ 
MEM0B 
= 
-..j 
----- 
CODE 
EXTERNAL 
0 
(J1 
MEM09 
----- 
CODE 
EXTERNAL 
~ 
MEM0A 
----- 
CODE 
EXTERNAL 
;:;. 
'" 
MEM0B 
----- 
CODE 
EXTERNAL 
t"' 
MEM0C 
----- 
CODE 
EXTERNAL 
;:.. 
MEM0D 
----- 
CODE 
EXTERNAL 
=.. 
RESET 
WATCHDOG. 
----- 
MACRO 
-e 
RI. 
0006H 
NULL 
ABS 
SELECTED 
TESTS 
ASM96. 
----- 
MODULE 
STACKSIZE(20) 
SP. 
- 
- 
----- 
REG 
EXTERNAL 
SP 
STAT 
. 
----- 
REG 
EXTERNAL 
SPSTATUS. 
----- 
MACRO 
SPI/AIT. 
----- 
MACRO 
SYS01 
----- 
CODE 
EXTERNAL 
SYS02 
----- 
CODE 
EXTERNAL 
SYS03 
----- 
CODE 
EXTERNAL 
TI. 
0005H 
NULL 
ABS 
ZERO. 
----- 
REG 
EXTERNAL 


ASSEMBLY 
COMPLETED, 
NO 
ERROR(S) 
FOUND. 
I 


MCS-96 
MACRO 
ASSEMBLER 
DSTUSR 


SERIES-Ill 
MCS-96 
MACRO 
ASSEMBLER. 
Vl.0 


SOURCE 
FILE: 
:F2:DSTUSR.A96 
OBJECT 
FILE: 
:F2:DSTUSR.OBJ 


CONTROLS 
SPECIFIED 
IN 
INVOCATION 
COMMAND: 
GF.N DEBUG 


ERR 
LOC 
OBJECT 


0040 
0040 
0040 


0000 


0100 


0100 


4200 


01 
4200 
J,. 
--Jen 


:l0HI<:I 


2080 
I\lFF0040 
2084 
E040FD 


2087 
A1000001<:1 


208B 
C90001 
208E 
C9FF07 
21<:191C90042 
2094 
C9FF5F 
2097 
C9EF47 
209A 
C900HJ 
209D 
C9FF3F 
20A0 
C9429D 
20A3 
C98C77 
20A6 
C95A5A 


20A9 
EF0000 


201\C 


20AC 
C98080 
20AF 
C90080 
20B2 
EF0000 


E 


F. 


E 


SOURCE 
STATEMENT 
;••• *** •••••••••••• 
**.** ••••••• 
** ••••• 
**** •• ***.**.***** 
••••• * •• ****.*** 
DSTUSR 
MODULE 
main.stacksize(2) 
:* •••••••••••• 
** ••••••• 
*** ••• **** •• ***** 
••••••••••••••• 
* •• *** ••••••••••• 


LINE 
1 
2 
3 
4~ 
b 
./ 
8 
9 
Hi' 
11 
12 
13 
14 
15 
Ib 
17 
18 
19 
20 
21 
22 
2~ 
24 
25 
2b 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 


oseg 
at 
40h 
User 
Registers: 
DSB 
- 
temp 
set 


rsea 
EXTRN 
sp.zero.timerl.eregl 


lch 
User_Registers:WORD 


dseg 
at 
100h 


DSEGl: 
DSB 


dseg 
at 
4200h 


DSEG2: 
DSB 


cseg 
at 
2080h 


700h 


;to 
ensure 
that 
the 
STACK 
does 
not 
Qet 
located 
in 
an 
area 
of 
RAM 
that 
wiil 
be 
memory 
tested. 
reserve 
those 
regions 
as 
data 
segments. 


le00h 


LD 
OJNZ 


extrn 
alu04.alu01.alu02.mem06.mem0a.error"proc.alu05 
EXTRN 
DSTISR 
- 


temp. ,0ffh 
temp. $ 
wait 
for 
sbe96 
NMls 
to 
stop 


LD 
sp.'STACK 


PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
PUSH 
CALL 


Main 
Task: 


push 
push 
call 


U00h 
,7ffh 
.4200h 
,Sfffh 
'47efh 
tl000h 
.3fffh 
,9d42h 
'778ch 
,5aSah 
DSTISR 


;RAM 
segmentl 
:RAM 
segment! 
;RAM 
seqment2 
;RAM 
segment2 
;random 
seed 


;random 
test 
lenath 
;top 
of 
code 
address 


;an 
argument 
for 
mUl/div 
test 


;another 
aroument 
for 
mUl/div 
test 


;bit 
pattern 
for 
memory 
test 
;CALL 
the 
Dynamic 
Stability 
Test 
initialization 
routin~ 


start 
end 
start 
end 


address 
address 
address 
address 


,8080h 
t8000h 
alu05 
use 
the 
multiply/divide 
core 
test 
on 
the 
arauments 


_.er 
• 


s:g 


® 
~e;. 
~:0 
Q~ 
;:;. 
'"t"'";:...,.. 
ce 


Ie 
tn-Ic: 
tn 
:D 


ERR LOC 
OBJECT 
LINE 
SOURCE STATEMENT 
20B5 980001 
E 
52 
cmpb 
eregl+l.zero 
t8080h and t8000h in all 
2~B8 OF~22074 
53 
I 
bne 
error found 
: combinations 
IJE 
~+4 
_. 
ISJMP 
error found 
: combinations 
er 
54 
:l~BCC90080 
55 
push 
t8000h 
20BF C98~80 
56 
push 
,8080h 
20C2 EF000" 
E 
57 
call 
alu05 
• 
20C5 98~001 
E 
58 
cmpb 
ereql+l.zero 
20C8 OF"22064 
59 
I 
bne 
error found 


IJE 
$+4 
ISJMP 
error found 
60 
20CC C90080 
61 
push 
,8000h 
20CF C9~080 
62 
push 
.8000h 
2002 EF00"0 
E 
63 
call 
alu05 
2"05 98"001 
E 
64 
cmpb 
eregl+1.zero 
2~08 0756 
65 
bne 
error found 
66 
200A C98080 
67 
push 
,8080h 
2000 C90080 
68 
push 
.8000h 
3: 
20E0 EF0000 
E 
69 
call 
alu05 
l"'J 
(fJ 
20E3 98"001 
E 
70 
cmpb 
eregl+l.zero 
G> 
20E6 0748 
71 
bne 
error found 
I\C 
n 
- 
0- 
2"E8 C9"0"1 
73 
push 
tl00h 
: perform 
a aalloping 
Is/0s test 
0 
jO' 
20EB C9FF"7 
74 
push 
t7ffh 
: on a small section of RAM 
IJQ 
20EE EF000" 
E 
75 
Call 
mem0a 
=0 
(11 
20Fl 980001 
E 
76 
cmpb 
eregl+1.zero 
~ 
~ 
20<"4D73A 
77 
bne 
error found 
;:;' 
'" 
-..j 
78 
t'" 
-..j 
20F6 C80" 
E 
79 
push 
timerl 
:send a timerl based 
seed to the 
;: 
2"F8 C9"020 
8" 
push 
.2000h 
:random number based multiply/divide 
.. 
!!; 
2fdFBEF0000 
E 
81 
call 
alu04 
: test and let it run for a ~tring 
... 
20FE 980001 
E 
82 
cmpb 
ere",1+1h.zero 
: of 2"00h argument 
pairs 
21~1 D720 
83 
bne 
error found 
84 
2103 EF0000 
E 
85 
call 
alu01 
:perform the add/subtract 
test 
2106 9800"1 
E 
86 
cmpb 
eregl+lh.zero 
2109 D725 
87 
bne 
error found 
88 
2H18 C90042 
89 
push 
t4200h 
: perform 
a Complementary 
address 
test 
210E C9FF5F 
90 
push 
t5fffh 
: on a large section of RAM 
2111 EF00"0 
E 
91 
Call 
Mem06 
2114 980001 
E 
92 
cmpb 
eregl+l,zero 
2117 0717 
93 
bne 
error found 
94 
2119 EF0000 
E 
95 
call 
alu02 
: perform 
the MULUR 
test 
211C 980001 
E 
96 
cmpb 
eregl+lh.zero 
211F 070F 
97 
bne 
error found 
98 
2121 C800 
F. 
99 
push 
timerl 
send another 
timerl based 
seed to 
2123 C90020 
100 
push 
.2000h 
the random nUMber based multiply/ 
2126 EF0000 
E 
101 
call 
alu04 
divide 
test 
2129 980001 
E 
102 
cmpb 
eregl+1h.zero 
212C 0702 
1"3 
bne 
error found 
104 I 


MCS-96 NACRO 
ASSEMBLER 
DSTUSR 


ERR LOC 
OBJECT 
212E 277C 
LINE 
105 
106 
H'7 
108 
11<'9 
110 
III 
112 
113 
114 
115 
116 
117 
118 


213~ 
2130 FA 
2131 EF0000 
E 


2134 27FE 


2136 


_. 
cC 


SOURCE STATEMENT 
BR 
Main task 
• 
start the main task tests over 


Error found: 
di 
CALL 
Error 
Proc 
if an error is found. disable 
interrupts 
and call the error 
procedure 
in the DST96.LIB. 
the test that found an error will 
have placed 
the appropriate 
error 
codes in locations 
EREGl and 
EREG2 
for output 
throuqh Error_Proc 
BR $ 
;******* ••• ***.**.*** 
•••••• ** ••• 
*******.**** 
•••••••••• 
****.*.*.*** 
••• ** 


end 
:: 
("l 
C/l 
~ 
N S-96 MACRO ASSEMBLER 
DSTUSR 
'C 
0- 
~ 
<11 
SYMBOL TABLE LISTING 
iQ' 
~ 
-------------------- 
IJQ 
-.,J 
= 
ce 
0 
N A M E 
VALUE 
ATTRIBUTES 
~ 
ri' 
'" 
ALU01 
----- 
CODE EXTERNAL 
t:: 
ALU02 
----- 
CODE EXTERNAL 
.,.. 
..• 
ALU04 
----- 
CODE EXTERNAL 
~ 
ALU05 
----- 
CODE EXTERNAL 
-e 
DSEGl 
0100H 
DATA ABS BYTE 
DSEG2 
4200H 
DATA ABS BYTE 
DSTISR. 
----- 
CODE EXTERNAL 
DSTUSR. 
----- 
MODULE MAIN STACKSIZE(2) 
EREGl 
----- 
REG EXTERNAL 
ERROR FOUND 
2130H 
CODE ABS ENTRY 
ERROR-PROC. 
----- 
CODE EXTERNAl. 
I1AINTASK 
20ACH 
CODE ABS ENTRY 
MEM0!> 
----- 
CODE EXTERNAl. 
MEM0A 
----- 
CODE EXTERNAL 
SP. 
----- 
REG EXTERNAL 
TE~lP. 
0040H 
OVERLAY 
ABS WORD 
TIMER1. 
----- 
REG EXTERNAL 
USER REGISTERS. 
0040H 
OVERLAY ABS BYTE 
ZERO-:- 
----- 
REG EXTERNAL 


ASSEMBLY COMPLETED. 
NO ERROR(S) FOUND. 
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Types and Sources of Electrical Noise 
Digital circuits are often thought of as being immune to 
noise problems, but really they're not. Noises in digital 
systems produce software upsets: program jumps to ap- 
parently random locations in memory. Noise-induced 
glitches in the signal lines can cause such problems, but 
the supply voltage is more sensitive to glitches than the 
signal lines. 


Severe noise conditions, those involving electrostatic 
discharges, or as found in automotive environments, 
can do permanent damage to the hardware. Electrostat- 
ic discharges can blow a crater in the silicon. In the 
automotive 
environment, 
in ordinary 
operation, 
the 


"12V" power line can shown + and -400V transients. 


This Application Note describes some electrical noises 
and noise environments. Design considerations, along 
the lines of PCB layout, power supply distribution and 
decoupling, and shielding and grounding techniques, 
that may help minimize noise susceptibility are re- 
viewed. Special attention is given to the automotive and 
ESD environments. 


Symptoms 
of Noise Problems 


Noise problems are not usually encountered during the 
development phase of a microcontroller system. This is 
because benches rarely simulate the system's intended 
environment. Noise problems tend not to show up until 
the system is installed and operating in its intended en- 
vironment. Then, after a few minutes or hours of nor- 
mal operation the system finds itself someplace out in 
left field. Inputs are ignored and outputs are gibberish. 
The system may respond to a reset, or it may have to be 
turned off physically and then back on again, at which 
point it commences operating as though nothing had 
happened. There may be an obvious cause, such as an 
electrostatic discharge from somebody's finger to a key- 
board or the upset occurs every time a copier machine 
is turned on or off. Or there may be no obvious cause, 
and nothing the operator can do will make the upset 
repeat itself. But a few minutes, or a few hours, or a few 
days later it happens again. 


One symptom of electrical noise problems is random- 
ness, both in the occurrence of the problem and in what 
the system does in its failure. All operational upsets 
that occur at seemingly random intervals are not neces- 
sarily caused by noise in the system. Marginal VCC, 
inadequate 
decoupling, 
rarely 
encountered 
software 
conditions, or timing coincidences can produce upsets 
that seem to occur randomly. On the other hand, some 
noise sources can produce upsets downright periodical- 
ly. Nevertheless, the more difficult it is to characterize 
an upset as to cause and effect, the more likely it is to 
be a noise problem. 


The name given to electrical noises other than those 
that are inherent in the circuit components (such as 
thermal noise) is EMI: electromagnetic 
interference. 


Motors, power switches, fluorescent lights, electrostatic 
discharges, etc., are sources of EM!. There is a veritable 
alphabet soup of EMI types, and these are briefly de- 
scribed below. 


SUPPLY 
LINE TRANSIENTS 


Anything that switches heavy current loads onto or off 
of AC or DC power lines will cause large transients in 
these power lines. Switching an electric typewriter on 
or off, for example, can put a IOOOVspike onto the AC 
power lines. 


The basic mechanism behind supply line transients is 
shown in Figure I. The battery represents any power 
source, AC or DC. The coils represent the line induc- 
tance between the power source and the switchable 
loads RI and R2. If both loads are drawing current, the 
line current flowing through the line inductance estab- 
lishes a magnetic field of some value. Then, when one 
of the loads is switched off, the field due to that compo- 
nent of the line current collapses, generating transient 
voltages, v = L(dildt), which try to maintain the cur- . 
rent at its original level. That's called an "inductive 
kick." Because of contact bounce, transients are gener- 
ated whether the switch is being opened or closed, but 
they're worse when the switch is being opened. 


An inductive kick of one type or another is involved in 
most line transients, including those found in the auto- 
motive environment. Other mechanisms for line tran- 
sients exist, involving noise pickup on the lines. The 
noise voltages are then conducted to a susceptible cir- 
cuit right along with the power. 


EMP AND RFI 


Anything that produces arcs or sparks will radiate elec- 
tromagnetic pulses (EMP) or radio-frequency interfer- 
ence (RFI). 


L 


v 
- 


RI 
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Figure 1. Supply Line Transients 
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Spark discharges have probably caused more software 
upsets in digital equipment than any other single noise 
source. The upsetting mechanism is the EMP produced 
by the spark. The EMP induces transients in the cir- 
cuit, which are what actually cause the upset. 


Arcs and sparks occur in automotive ignition systems, 
electric motors, switches, static discharges, etc. Electric 
motors that have commutator bars produce an arc as 
the brushes pass from one bar to the next. DC motors 
and the "universal" (AC/DC) motors that are used to 
power hand tools are the kinds that have commutator 
bars. In switches, the same inductive kick that puts 
transients on the supply lines will cause an opening or 
closing switch to throw a spark. 


ESD 


Electrostatic discharge (ESD) is the spark that occurs 
when a person picks up a static 'charge from walking 
across a carpet, and then discharges it into a keyboard, 
or whatever else can be touched. Walking across a car- 
pet in a dry climate, a person can accumulate a static 
voltage of 35kV. The current pulse from an electrostat- 
ic discharge has an extremely fast risetime - 
typically, 
4A/ns. Figure 2 shows ESD waveforms that have been 
observed by some investigators of ESD phenomena. 


It is enlightening to calculate the L(dildt) 
voltage re- 


quired to drive an ESD current pulse through a couple 
of inches of straight wire. Two inches of straight wire 
has about 50 nH of inductance. That's not very much, 
but using 50 nH for Land 
4A/ns for di/dt gives an 


Lfdi/dt) 
drop of about 200V. Recent observations by 


W.M. King suggest even faster risetimes (Figure 2b) 
and the occurrence of multiple discharges during a sin- 
gle discharge event. 


Obviously, ESD-sensitivity needs to be considered in 
the design of equipment that is going to be subjected to 
it, such as office equipment. 


GROUND NOISE 


Currents in ground lines are another source of noise. 
These can be 60 Hz currents from the power lines, or 
RF hash, or crosstalk from other signals that are shar- 
ing this particular wire as a signal return line. Noise in 
the ground lines is often referred to as a "ground loop" 
problem. The basic concept of the ground 
loop is 


shown 
in 
Figure 
3. 
The 
problem 
is 
that 
'true 


earth-ground is not really at the same potential in all 
locations. If the two ends of a wire are earth-grounded 
at different locations, the voltage difference between the 
two "ground" points can drive significant currents (sev- 
eral amperes) through the wire. Consider the wire to be 
part of a loop which contains, in addition to the wire, a 
voltage source that represents the difference in poten- 
tial between the two ground points, and you have 
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the classical "ground loop." By extension, the term is 
used to refer to any unwanted (and often unexpected) 
currents in a ground line. 


"Radiated" 
and "Conducted" 
Noise 


Radiated noise is noise that arrives at the victim circuit 
in the form of electromagnetic radiation, such as EMP 
and RFI. It causes trouble by inducing extraneous volt- 
ages in the circuit. Conducted noise is noise that arrives 
at the victim circuit already in the form of an extrane- 
ous voltage, typically via the AC or DC power lines. 


One defends against radiated noise by care in designing 
layouts and the use of effective shielding techniques. 
One defends against conducted noise with filters and 
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Figure 2. Waveforms of Electrostatic 
Discharge Currents From a 
Hand-Held Metallic Object 
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suppressors, 
although 
layouts 
and 
grounding 
tech- 
niques are important here, too. 


Simulating the Environment 


Addressing noise problems after the design of a system 
has been completed is an expensive proposition. The ill 
will generated by failures in the field is not cheap either. 
It's cheaper in the long run to invest a little time and 
money in learning about noise and noise simulation 
equipment, so that controlled tests can be made on the 
bench as the design is developing. 


Simulating the intended noise environment is a two- 
step process: First you have to recognize what the noise 
environment is, that is, you have to know what kinds of 
electrical noises are present, and which of them are go- 
ing to cause trouble. Don't ignore this first step, be- 
cause it's important. If you invest in an induction coil 
spark generator just because your application is auto- 
motive, you'll be straining at the gnat and swallowing 
the camel. Spark plug noise is the least of your worries 
in that environment. 


The second step is to generate the electrical noise in a 
controlled manner. This is usually more difficult than 
first imagined; one first imagines the simulation 'in 
terms of a waveform generator and a few spare parts, 
and then finds that a wideband power amplifier with a 
200V dynamic range is also required. A good source of 
information 
on who supplies what noise-simulating 
equipment is the 1981 "ITEM" 
Directory .and Design 
Guide (Reference 6). 


Types of Failures and Failure 
Mechanisms 


A major problem that EMI can cause in digital systems 
is intermittent operational malfunction. These software 
upsets occur when the system is in operation at the time 
an EMI source is activated, and are usually character- 
ized by a loss of information or a jump in the execution 


of the program to some random location in memory. 
The person who has to iron out such problems is tempt- 
ed to say the program counter went crazy. There is 
usually no damage to the hardware, and normal opera- 
tion can resume as soon as the EMI has passed or the 
source is de-activated. Resuming normal operation usu- 
ally requires manual or automatic reset, and possibly 
re-entering of lost information. 


Electrostatic discharges from operating personnel can 
cause not only software upsets, but also permanent 
("hard") damage to the system. For this to happen the 
system doesn't even have to be in operation. Sometimes 
the permanent damage is latent, meaning the initial 
damage may be marginal and require further aggrava- 
tion through operating stress and time before perma- 
nent failure takes place. Sometimes too the damage is 
hidden. 


One ESD-related failure mechanism that has been iden- 
tified has to do with the bias voltage on the substrate of 
the chip. On some CPU chips the substrate is held at 
-2.5V 
by a phase-shift oscillator working into a capac- 


itor/diode 
clamping circuit. This is called a "charge 
pump" in chip-design circles. If the substrate wanders 
too far in either direction, program read errors are not- 
ed. Some designs have been known to allow electrostat- 
ic discharge currents to flow directly into port pins of 
an 8048. The resulting damage to the oxide causes an 
increase in leakage current, 
which loads down the 


charge pump, reducing the substrate voltage to a mar- 
ginal or unacceptable level. The system is then unreli- 
able or completely inoperative until the CPU chip is 
replaced. But if the CPU chip was subjected to a dis- 
charge spark once, it will eventually happen again. 


Chips that have a grounded substrate, such as the 8748, • 
can sometimes sustain some oxide damage without ac- 
• 
tually becoming inoperative. In this case the damage is 
present, and the increased leakage current is noted; 
however, since the substrate voltage retains its design 
value, the damage is largely hidden. 


-GROUND LOOP" 
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Figure 3. What a Ground 
Loop Is 
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It must therefore be recognized that connecting port 
pins unprotected to a keyboard or to anything else that 
is subject to electrostatic discharges, makes an extreme- 
ly dangerous configuration. It doesn't make any differ- 
ence what CPU chip is being used, or who makes it. If 
it connects unprotected to a keyboard, it will eventually 
be destroyed. Designing for an ESD-environment will 
be discussed further on. 


We might note here that MOS chips are not the only 
components 
that are susceptible to permanent 
ESD 
damage. Bipolar and linear chips can also be damaged 
in this way. PN junctions are subject to a hard failure 
mechanism called thermal secondary breakdown, in 
which a current spike, such as from an electrostatic 
discharge, causes microscopically localized spots in the 
junction to approach melt temperatures. 
Low power 
TTL chips are subject to this type of damage, as are 
op-amps, 
Op-amps, in addition, often carry on-chip 
MOS capacitors which are directly across an external 
pin combination, and these are susceptible to dielectric 
breakdown. 


We return now to the subject of software upsets. Noise 
transients can upset the chip through any pin, even an 
output pin, because every pin on the chip connects to 
the substrate through a pn junction. However, the most 
vulnerable pin is probably the VCC line, since it has 
direct access to all parts of the chip: every register, gate, 
flip-flop and buffer. 


The 
menu 
of possible upset 
mechanisms 
is quite 
lengthy. A transient on the substrate at the wrong time 
will generally cause a program read error. A false level 
at a control input can cause an extraneous or misdirect- 
ed opcode fetch. A disturbance on the supply line can 
flip a bit in the program counter or instruction register. 
A short interruption or reversal of polarity on the sup- 
ply line can actually turn the processor off, but not long 
enough for the power-up reset capacitor to discharge. 
Thus when the transient ends, the chip starts up again 
without a reset. 


A common failure mode is for the processor to lock 
itself into a tight loop. Here it may be executing the 
data in a table, or the program 
counter may have 
jumped a notch, so that the processor is now executing 
operands instead of opcodes, or it may be trying to 
fetch opcodes from a nonexistent external program 
memory. 


It should be emphasized that mechanisms for upsets 
have to do with the arrival of noise-induced transients 
at the pins of the chips, rather than with the generation 
of noise pulses within the chip itself, that is, it's not the 
chip that is picking up noise, it's the circuit. 


The Game Plan 


Prevention is usually cheaper than suppression, so first 
we'll consider some preventive methods that might help 


to minimize the generation of noise voltages in the cir- 
cuit. These methods involve grounding, shielding, and 
wiring techniques that are directed toward the mecha- 
nisms by which noise voltages are generated in the cir- 
cuit. We'll also discuss methods of decoupling. Then 
we'll look at some schemes for making a graceful recov- 
ery from upsets that occur in spite of preventive mea- 
sures. Lastly, we'll take another look at two special 
problem areas: electrostatic discharges and the automo- 
tive environment. 


Current Loops 


The first thing most people learn about electricity is 
that current won't flow unless it can flow in a closed 
loop. This simple fact is sometimes temporarily forgot- 
ten by the overworked engineer who has spent the past 
several years mastering the intricacies of the DO loop, 
the timing loop, the feedback loop, and maybe even the 
ground loop. The simple current loop probably owes its 
apparent demise to the invention of the ground symbol. 
By a stroke of the pen one avoids having to draw the 
return paths of most of the current loops in the circuit. 
Then "ground" turns into an infinite current sink, so 
that any current that flows into it is gone and forgotten. 
Forgotten it may be, but it's not gone. It must return to 
its source, so that its path will by all the laws of nature 
form a closed loop. 


The physical geometry of a given current loop is the 
key to why it generates EMI, why it's susceptible to 
EMI, and how to shield it. Specifically, it's the area of 
the loop that matters. 


Any flow of current generates a magnetic field whose 
intensity varies inversely to the distance from the wire 
that carries the current. Two parallel wires conducting 
currents + I and - I (as in signal feed and return lines) 
would generate a nonzero magnetic field near the wires, 
where the distance from a given point to one wire is 
noticeably different from the distance to the other wire, 
but farther away (relative to the wire spacing), where 
the distances from a given point to either wire are about 
the same, the fields from both wires tend to cancel out. 
Thus, maintaining proximity between feed and return 
paths is an important way to minimize their interfer- 
ence with other signals. The way to maintain their 
proximity is essentially to minimize their loop area. 
And, because the mutual inductance from current loop 
A to current loop B is the same as the mutual induc- 
tance from current loop B to current loop A, a circuit 
that doesn't radiate interference doesn't receive it ei- 
ther. 


Thus, from the standpoint of reducing both generation 
of EMI and susceptibility to EMI, the hard rule is to 
keep loop areas small. To say that loop areas should be 
minimized is the same as saying the circuit inductance 
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should be minimized. Inductance is by definition the 
constant of proportionality 
between current and the 
magnetic field it produces: 
</> = LI. Holding the feed 
and return wires close together so as to promote field 
cancellation can be described either as minimizing the 
loop area or as minimizing L. It's the same thing. 


Shielding 


There are three basic kinds of shields: shielding against 
capacitive coupling, shielding against inductive cou- 
pling, and RF shielding. Capacitive coupling is electric 
field coupling, so shielding against it amounts to shield- 
ing against electric fields. As will be seen, this is rela- 
tively easy. Inductive coupling is magnetic field cou- 
pling, so shielding against it is shielding against mag- 
netic fields. This is a little more difficult. Strangely 
enough, this type of shielding does not in general in- 
volve the use of magnetic materials. RF shielding, the 
classical "metallic barrier" against all sorts of electro- 
magnetic fields, is what most people picture when they 
think about shielding. Its effectiveness depends partly 
on the selection of the shielding material, but mostly, as 
it turns out, on the treatment of its seams and the ge- 
ometry of its openings. 


SHIELDING 
AGAINST 
CAPACITIVE 
COUPLING 


Capacitive coupling involves the passage of interfering 
signals through mutual or stray capacitances that aren't 
shown on the circuit diagram, but which the experi- 
enced engineer knows are there. Capacitive coupling to 
one's body is what would cause an unstable oscillator to 
change its frequency when the person reaches his hand 
over the circuit, for example. More importantly, in a 
digital system it causes crosstalk in multi-wire cables. 


The way to bfock capacitive coupling is to enclose the 
circuit or conductor you want to protect in a metal 
shield. That's called an electrostatic or Faraday shield. 
If coverage is 100%, the shield does not have to be 
grounded, but it usually is, to ensure that circuit-to- 
shield capacitances go to signal reference ground rather 
than act as feedback and crosstalk elements. Besides, 
from a mechanical point of view, grounding it is almost 
inevitable. 
' 


A grounded Faraday shield can be used to break capac- 
itive coupling between a noisy circuit and a victim cir- 
cuit, as shown in Figure 4. Figure 4a shows two circuits 
capacitively coupled through the stray capacitance be- 
tween them. In Figure 4b the stray capacitance is inter- 
cepted by a grounded Faraday shield, so that interfer- 
ence currents are shunted to ground. For example, a 
grounded plane can be inserted between PCBs (printed 
circuit boards) to eliminate most of the capacitive cou- 
pling between them. 


Another application of the Faraday shield is in the elec- 
trostatically shielded transformer. Here, a conducting 
foil is laid between the primary and secondary coils so 
as to intercept the capacitive coupling between them. If 
a system is being upset by AC line transients, this type 
of transformer may provide the fix. To be effective in 
this application, the shield must be connected to the 
greenwire ground. 


SHIELDING 
AGAINST 
INDUCTIVE 
COUPLING 


With inductive coupling, the physical mechanism in- 
volved is a magnetic flux density B from some external 
interference source that links with a current loop in the 
victim circuit, and generates a voltage in the loop in 
accordance with Lenz's law: v = - NA(dB/dt), 
where 
in this case N = I and A is the area of the current loop 
in the victim circuit. 


There are two aspects to defending a circuit against 
inductive pickup. One aspect is to try to minimize the 
offensive fields at their source. This is done by minimiz- 
ing the area of the current loop at the source so as to 
promote field cancellation, as described in the section 
on current loops. The other aspect is to minimize the 
inductive pickup in the victim circuit by minimizing the 
area of that current loop, since, from Lenz's law, the 
induced voltage is proportional to this area. So the two 
aspects really involve the same corrective action: mini- 
mize the areas of the current loops. In other words, 
minimizing the offensiveness of a circuit inherently 
minimizes its susceptibility. 
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Figure 5_External to the Shield, </> = 0 


Shielding against inductive coupling means nothing 
more nor less than controlling the dimensions of the 
current loops in the circuit. We must look at four ex- 
amples of this type of "shielding": the coaxial cable, the 
twisted pair, the ground plane, and the gridded-ground 
PCB layout. 


The Coaxial Cable-Figure 
5 shows a coaxial cable 
carrying a current I from a signal source to a receiving 
load. The shield carries the same current as the center 
conductor. Outside the shield, the magnetic field pro- 
duced by + I flowing in the center conductor is can- 
celled by the field produced by - I flowing in the 
shield. To the extent that the cable is ideal in producing 
zero external magnetic field, it is immune to inductive 
pickup from external sources. The cable adds effective- 
ly zero area to the loop. This is true only if the shield 
carries the same current as the center conductor. 


In the real world, both the signal source and the receiv- 
ing load are likely to have one end connected to a com- 
mon signal ground. In that case, should the cable be 
grounded at one end, both ends, or neither end? The 
answer is that it should be grounded at both ends. Fig- 
ure 6a shows the situation when the cable shield is 
grounded at only one end. In that case the current loop 
runs down the center conductor of the cable, then back 
through the common ground connection. The loop area 
is not well defined. The shield not only does not carry 
the same current as the center conductor, but it doesn't 
carry any current at all. There is no field cancellation at 
all. The shield has no effect whatsoever on either the 
generation of EMI or susceptibility to EMI. (It is, how- 
ever, still effective as an electrostatic shield, or at least 
it would be if the shield coverage were 100%.) 


Figure 6b shows the situation when the cable is ground- 
ed at both ends. Does the shield carry all of the return 
current, or only a portion of it on account of the shunt- 
ing effect of the common ground connection? The an- 
swer to that question depends on the frequency content 
of the signal. In general, the current loop will follow the 
path of least impedance. At low frequencies, 0 Hz to 
several kHz, where the inductive reactance is insignifi- 
cant, the current will follow the path of least resistance. 
Above a few kHz, where inductive reactance predomi- 
nates, the current will follow the path of least induc- 
tance. The path of least inductance 
is the path of 
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Figure 6. Use of Coaxial Cable 


minimum loop area. Hence, for higher frequencies the 
shield carries virtually the same current as the center 
conductor, and is therefore effective against both gener- 
ation and reception of EMI. 


Note that we have now introduced the famous "ground 
loop" problem, as shown in Figure 7a. Fortunately, a 
digital system has some built-in immunity to moderate 
ground loop noise. In a noisy environment, however, 
one can break the ground loop, and still maintain the 
shielding effectiveness of the coaxial cable, by inserting 
an optical coupler, as shown in Figure 7b. What the 
optical coupler does, basically, is allow us to re-define 
the signal source as being ungrounded, so that that end 
of the cable need not be grounded, and still lets the 
shield carry the same current as the center conductor. 
Obviously, if the signal source weren't grounded in the 
first place, the optical coupler wouldn't be needed. 


The Twisted Pair-A 
cheaper way to minimize loop 
area is to run the feed and return wires right next to 
each other. This isn't as effective as a coaxial cable in 
minimizing loop area. An ideal coaxial cable adds zero 
area to the loop, whereas merely keeping the feed and 
return wires next to each other is bound to add a finite 
area. 


However, two things work to make this cheaper meth- 
od almost as good as a coaxial cable. First, real coaxial 
cables are not ideal. If the shield current isn't evenly 
distributed around the center conductor at every cross- 
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Figure 7. Use of Optical Coupler 


section of the cable (it isn't), then field cancellation ex- 
ternal to the shield is incomplete. If field cancellation is 
incomplete, then the effectivearea added to the loop by 
the cable isn't zero. Second, in the cheaper method the 
feed and return wires can be twisted together. This not 
only maintains their proximity, but the noise picked up 
in one twist tends to cancel out the noise picked up in 
the next twist down the line. Thus the "twisted pair" 
turns out to be about as good a shield against inductive 
coupling as coaxial cable is. 


The twisted pair does not, however, provide electrostat- 
ic shielding (i.e., shielding against capacitive coupling). 
Another operational difference between them is that 
the coaxial cable works better at higher frequencies. 
This is primarily because the twisted pair adds more 
capacitive loading to the signal source than the coaxial 
cable does. The twisted pair is normally considered use- 
ful up to only about I MHz, as opposed to near a GHz 
for the coaxial cable. 


The Ground Plane- The best way to mmirmze loop 
areas when many current loops are involved is to use a 
ground plane. A ground plane is a conducting surface 
that is to serve as a return conductor for all the current 
loops in the circuit. Normally, it would be one or more 
layers of a multilayer PCB. All ground points in the 
circuit go not to a grounded trace on the PCB, but 
directly to the ground plane. This leaves each current 
loop in the circuit free to complete itself in whatever 
configuration yields minimum loop area (for frequen- 
cies wherein the ground path impedance is primarily 
inductive). 


Thus, if the feed path for a given signal zigzags its way 
across the PCB, the return path for this signal is free to 
zigzag right along beneath it on the ground plane, in 
such a configuration as to minimize the energy stored 
in the magnetic field produced by this current loop. 
Minimal magnetic flux means minimal effective loop 
area and minimal susceptibility to inductive coupling. 


The Gridded-Ground PCB Layout-The 
next best 
thing to a ground plane is to layout the ground traces 
on a PCB in the form of a grid structure, as shown in 
Figure 8. Laying horizontal traces on one side of the 
board and vertical traces on the other side allows the 
passage of signal and power traces. Wherever vertical 
and horizontal ground traces cross, they must be con- 
nected by a feed-through. 


Have we not created here a network of "ground loops"? 
Yes, in the literal sense of the word, but loops in the 
ground layout on a PCB are not to be feared. Such 
inoffensivelittle loops have never caused as much noise 
pickup as their avoidance has. Trying to avoid innocent 
little loops in the ground layout, PCB designers have 
forced current loops into geometries that could swallow 
a whale. That is exactly the wrong thing to do. 


The gridded ground structure works almost as well as 
the ground plane, as far as minimizing loop area is con- 
cerned. For a given current loop, the primary return 
path may have to zig once in a while where its feedpath 
zags, but you still get a mathematically optimal dis- 
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Figure 8. PCB with Grldded 
Ground 


tribution of currents in the grid structure, such that the 
current loop produces less magnetic flux than if the 
return path were restrained to follow any single given 
ground trace. The key to attaining minimum loop areas 
for all the current loops together is to let the ground 
currents distribute themselves around the entire area of 
the board as freely as possible. They want to minimize 
their own magnetic field. Just let them. 


RF SHIELDING 


A time-varying electric field generates a time-varying 
magnetic field, and vice versa. Far from the source of a 
time-varying EM field, the ratio of the amplitudes of 
the electric and magnetic fields is always 3770. Up 
close to the source of the fields, however, this ratio can 
be quite different, and dependent on the nature of the 
source. Where the ratio is near 3770 is called the far 
field, and where the ratio is significantly different from 
3770 is called the near field. The ratio itself is called 
the wave impedance, E/H. 


The near field goes out about 1/6 of a wavelength from 
the source. At I MHz this is about 150 feet, and at 10 
MHz it's about 15 feet. That means if an EMI source is 
in the same room with the victim circuit, it's likely to 
be a near field problem. The reason this matters is that 
in the near field an RP interference problem could be 
almost entirely due to E-field coupling or H-field cou- 
pling, and that could influence the choice of an RP 
shield or whether an RP shield will help at all. 


In the near field of a whip antenna, the E/H ratio is 
higher than 3770, which means it's mainly an E-field 
generator. A wire-wrap post can be a whip antenna. 
Interference from a whip antenna would be by electric 
field coupling, which is basically capacitive coupling. 
Methods to protect a circuit from capacitive coupling, 
such 
as 
a 
Faraday 
shield, 
would 
be 
effective 


against RF interference from a whip antenna. A grid- 
ded-ground structure would be less effective. 


In the near field of a loop antenna, the E/H 
ratio is 


lower than 3770, which means it's mainly an H-field 
generator. Any current loop is a loop antenna. Interfer- 
ence from a loop antenna would be by magnetic field 
coupling, which is basically the same as inductive cou- 
pling. Methods to protect a circuit from inductive cou- 
pling, such as a gridded-ground structure, would be ef- 
fective against RF interference from a loop antenna. A 
Faraday shield would be less effective. 


A more difficult case of RF interference, near field or 
far field, may require a genuine metallic RP shield. The 
idea behind RP shielding is that time-varying EMI 
fields induce currents in the shielding material. The in- 
duced currents dissipate energy in two ways: PR losses 
in the shielding material and radiation losses as they re- 
radiate their own EM fields. The energy for both of 
these mechanisms is drawn from the impinging EMI 
fields. Hence the EMI is weakened as it penetrates the 
shield. 


More formally, the PR losses are referred to as absorp- 
tion loss, and the re-radiation is called reflection loss. 
As it turns out, absorption loss is the primary shielding 
mechanism for H-fields, and reflection loss is the pri- 
mary shielding mechanism for E-fields. Reflection loss, 
being a surface phenomenon, is pretty much indepen- 
dent of the thickness of the shielding material. Both 
loss mechanisms, however, are dependent on the fre- 
quency (eo) of the impinging EMI field, and on the 
permeability (u) and conductivity (0-) of the shielding 
material. These loss mechanisms vary approximately as 
follows: 


0- 


reflection loss to an E-field (in dB) - 
log- 
wfL 


absorption loss to an H-field (in dB) - 
t~wo-fL 


where t is the thickness of the shielding material. 


The first expression indicates that E-field shielding is 
more effective if the shield material is highly conduc- 
tive, and less effective if the shield if ferromagnetic, and 
that low-frequency fields are easier to block than high- 
frequency fields. This is shown in Figure 9. 


m 
150 
:l!- 
a: 
125 
uj.• 
100 
0..• 
75 
z0 
50 
;: 
(J 
25 
w..•... 
0 
wa: 
0.01 
0.1 
1.0 
10 
100 
1000 
10.000 


FREQUENCY (KILOHERTZ) 


210313-13 


Figure 9. E·Fleld Shielding 
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Figure 10. H-Fleld Shielding 


Copper and aluminum both have the same permeabili- 
ty, but copper is slightly more conductive, and so pro- 
vides slightly greater reflection loss to an E-field. Steel 
is less effective for two reasons. First, it has a somewhat 
elevated permeability due to its iron content, and sec- 
ond, as tends to be the case with magnetic materials, it 
is less conductive. 


On the other hand, according to the expression for ab- 
sorption loss to an H-field, H-field shielding is more 
effective at higher frequencies and with shield material 
that has both high conductivity and high permeability. 
In practice, however, selecting steel for its high perme- 
ability involves some compromise in conductivity. But 
the increase in permeability more than makes up for the 
decrease in conductivity, as can be seen in Figure 10. 
This figure also shows the effect of shield thickness. 


A composite of E-field and H-field shielding is shown 
in Figure 11. However, this type of data is meaningful 
only in the far field. In the near field the EMI could be 
90% H-field, in which case the reflection loss is irrele- 
vant. It would be advisable then to beef up the absorp- 
tion loss, at the expense of reflection loss, by choosing 
steel. A better conductor than steel might be less expen- 
sive, but quite ineffective. 


A different shielding mechanism that can be taken ad- 
vantage of for low frequency magnetic fields is the abili- 
ty of a high permeability material such as mumetal to 
divert the field by presenting a very low reluctance path 
to the magnetic flux. Above a few kHz, however, the 
permeability of such materials is the same as steel. 


In actual fact the selection of a shielding material turns 
out to be less important than the presence of seams, 
joints and holes in the physical structure of the enclo- 
sure. The shielding mechanisms are related to the in- 
duction of currents in the shield material, but the cur- 
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Figure 11. E- and H-Fleld Shielding 


rents must be allowed to flow freely. If they have to 
detour around slots and holes, as shown in Figure 12, 
the shield loses much of its effectiveness. 


As can be seen in Figure 12, the severity of the detour 
has less to do with the area of the hole than it does with 
the geometry of the hole. Comparing Figure 12c with 
12d shows that a long narrow discontinuity such as a 
seam can cause more RP leakage than a line of holes 
with larger total area. A person who is responsible for 
designing or selecting rack or chassis enclosures for an 
EMI environment needs to be familiar with the tech- 
niques that are available for maintaining electrical con- 
tinuity across seams. Information on these techniques is 
available in the references. 


Grounds 


There are two kinds of grounds: earth-ground and sig- 
nal ground. The earth is not an equipotential surface, so 
earth ground potential varies. That and its other electri- 
cal properties are not conducive to its use as a return 
conductor in a circuit. However, circuits are often con- 
nected to earth ground for protection against shock 
hazards. The other kind of ground, signal ground, is an 
arbitrarily 
selected reference node in a circuit-the 
node with respect to which other node voltages in the 
circuit are measured. 


SAFETY GROUND 


The standard 3-wire single-phase AC power distribu- 
tion system is represented in Figure 13. The white wire 
is earth-grounded at the service entrance. If a load cir- 
cuit has a metal enclosure or chassis, and if the black 
wire develops a short to the enclosure, there will be a 
shock hazard to operating personnel, unless the enclo- 
sure itself is earth-grounded. If the enclosure is earth- 
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Figure 12. Effect of Shield Discontinuity 
on Magnetically 
Induced 
Shield Current 


grounded, a short results in a blown fuse rather than a 
"hot" enclosure. The earth-ground 
connection to the 
enclosure is called a safety ground. The advantage of 
the 3-wire power system is that it distributes a safety 
ground along with the power. 


Note that the safety-ground wire carries no current, 
except in case of a fault, so that at least for low frequen- 
cies it's 
at earth-ground 
potential 
along its entire 
length. The white wire, on the other hand, may be sev- 
eral volts off ground, due to the IR drop along its 
length. 
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Figure 13. Single-Phase 
Power Distribution 


SIGNAL 
GROUND 


Signal ground is a single point in a circuit that is desig- 
nated to be the reference node for the circuit. Common- 
ly, wires that connect to this single point are also re- 
ferred to as "signal ground." In some circles "power 
supply common" or PSC is the preferred terminology 
for these conductors. In any case, the manner in which 
these wires connect to the actual reference point is the 
basis of distinction among three kinds of signal-ground 
wiring methods: series, parallel, and multipoint. These 
methods are shown in Figure 14. 


The series connection is pretty common because it's 
simple and economical. It's the noisiest of the three, 
however, due to common ground impedance coupling 
between the circuits. When several circuits share a 
ground wire, currents from one circuit, flowing through 
the finite impedance of the common ground line, cause 
variations in the ground potential of the other circuits. 
Given that the currents in a digital system tend to be 
spiked, and that the common impedance is mainly in- 
ductive reactance, the variations could be bad enough 
to cause bit errors in high current or particularly noisy 
situations. 


The parallel connection eliminates common ground im- 
pedance problems, but uses a lot of wire. Other disad- 
vantages are that 
the impedance 
of the individual 
ground lines can be very high, and the ground lines 
themselves can become sources of EMI. 
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In the multipoint system, ground impedance is mini- 
mized by using a ground plane with the various circuits 
connected to it by very short ground leads. This type of 
connection would be used mainly in RF circuits above 
10 MHz. 


PRACTICAL 
GROUNDING 


A combination 
of series and parallel ground-wiring 
methods can be used to trade off economic and the 
various electrical considerations. The idea is to run se- 
ries connections for circuits that have similar noise 
properties, 
and connect them at a single reference 
point, as in the parallel method, as shown in Figure 15. 


In Figure 15, "noisysignal 
ground" connects to things 
like motors and relays. Hardware ground is the safety 
ground connection to chassis, racks, and cabinets. It's a 
mistake to use the hardware ground as a return path for 
signal currents because it's fairly noisy (for example, 
it's the hardware ground that receives an ESD spark) 
and tends to have high resistance due to joints and 
seams. 


.\ 


REF. 
POINT 
210313-18 
Series Connection 


REF. 
POINT 
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Parallel Connection 
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Figure 14. Three 
Ways to Wire the Grounds 
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Figure 15. Parallel Connection 
of Series Grounds 


Screws and bolts don't always make good electrical 
connections because of galvanic action, corrosion, and 
dirt. These kinds of connections may work well at first, 
and then cause mysterious maladies as the system ages. 


Figure 16 illustrates a grounding system for a 9-track 
digital tape recorder, showing an application of the se- 
ries/parallel ground-wiring method. 


Figure 17 shows a similar separation of grounds at the 
PCB level. Currents in multiplexed LED displays tend 
to put a lot of noise on the ground and supply lines 
because of the constant switching and changing in- 
volved in the scanning process. The segment driver 
ground is relatively quiet, since it doesn't conduct the 
LED currents. The digit driver ground is noisier, and 
should be provided with a separate path to the PCB 
ground terminal, even if the PCB ground layout is grid- 
ded. The' LED feed and return current paths should be 
laid out on opposite sides of the board like parallel flat 
conductors. 


Figure 18 shows right and wrong ways to make ground 
connections in racks. Note that the safety ground con- 
nections from panel to rack are made through ground 
straps, not panel screws. Rack 1 correctly connects sig- 
nal ground to rack ground only at the single reference 
point. Rack 2 incorrectly connects signal ground to 
rack ground at two points, creating a ground loop 
around points 1, 2, 3, 4, 1. 


Breaking the "electronics ground" connection to point 
1 eliminates the ground loop, but leaves signal ground 
in rack 2 sharing a ground impedance with the relative- 
ly noisy hardware ground to the reference point; in fact, 
it may end up using hardware ground as a return path 
for signal and power supply currents. This will proba- 
bly cause more problems than the ground loop. 


BRAIDED 
CABLE 


Ground impedance problems can be virtually eliminat- 
ed by using braided cable. The reduction in impedance 
is due to skin effect: At higher frequencies the current 
tends to flow along the surface of a conductor rather 


6-13 


• 


intel.. 
AP-125 


SIGNAL GROUNDS 


;- 
- - 
- - 
- - 
- g.READ" 
AMPLiFIERS - - 
- - 
- - 
- - 
-I 


1 
I 


I 
1, 


1 
I 


9 "WRITE" CIRCUITS 
1 
, 


1, 
I, 


1, 
I, 


1, 


1 


I, 


1 


" 


1, 
I 


GREEN-WIRE 
GROUND 
210313-22 


Figure 16. Ground System In a 9-Track Digital Recorder 
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Figure 17. Separate Ground for Multlplexed LED Display 
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Figure 18. Electronic 
Circuits 
Mounted 
In Equipment 
Racks Should Have Separate 
Ground 
Connections. 
Rack 1 Shows Correct 
Grounding, 
Rack 2 Shows Incorrect 
Grounding. 


than uniformly through its bulk. While this effect tends 
to increase the impedance of a given conductor, it also 
indicates the way to minimize impedance, and that is to 
manipulate the shape of the cross-section so as to pro- 
vide more surface area. For its bulk, braided cable is 
almost pure surface. 


Power Supply Distribution 
and 
Decoupling 


The main consideration for power supply distribution 
lines is, as for signal lines, to minimize the areas of the 
current loops. But the power supply lines take on an 
importance that no signal line has when one considers 
the fact that these lines have access to every PC board 


_ in the system. The very extensiveness of the supply cur- 
rent loops makes it difficult to keep loop areas small. 
And, a noise glitch on a supply line is a glitch delivered 
to every board in the system. 


The power supply provides low-frequency current to 
the load, but the inductance of the board-to-board and 
chip-to-chip distribution network makes it difficult for 
the power supply to maintain VCC specs on the chip 
while providing the current spikes that a digital system 
requires. In addition, the power supply current loop is a 
very large one, which means there will be a lot of noise 
pick-up. Figure 19a shows a load circuit trying to draw 
current spikes from a supply voltage through the line 
impedance. To the VCC waveform shown in that figure 
should be added the inductive pick-up associated with a 
large loop area. 


Adding a decoupling capacitor solves two problems: 
The capacitor acts as a nearby source of charge to sup- 
ply the current spikes through a smaller line imped- 
ance, and it defines a much smaller loop area for the 


higher frequency components of EM!. This is illustrat- 
ed in Figure 19b, which shows the capacitor supplying 
the current spike, during which VCC drops from 5V by 
the amount indicated in the figure. Between current 
spikes the capacitor recovers through the line imped- 
ance. 


One should resist the temptation to add a resistor or an 
inductor to the decoupler so as to form a genuine RC or 
LC low-pass filter because that slows down the speed 
with which the decoupler cap can be refreshed. Good 
filtering and good decoupling are not necessarily the 
same thing. 


The current loop for the higher frequency currents, 
then, is defined by the decoupling cap and the load 
circuit, rather than by the power supply and the load 
circuit. For the decoupling cap to be able to provide the 
current spikes required by the load, the inductance of 
this current loop must be kept small, which is the same 
as saying the loop area must be kept small. This is also 
the requirement for minimizing inductive pick-up in 
the loop. 


There are two kinds of decoupling caps: board decou- 
piers and chip decouplers. A board decoupler will nor- 
mally be a 10 to lOOJLF electrolytic capacitor placed 
near to where the power supply enters the PC board, 
but its placement is relatively non-critical. The purpose 
of the board decoupler is to refresh the charge on the 
chip decouplers. The chip decouplers are what actually 
provide the current spikes to the chips. A chip decou- 
pier will normally be a 0.1 to I JLF ceramic capacitor 
placed near the chip and connected to the chip by 
traces that minimize the area of the loop formed by the 
cap and the chip. If a chip decoupler is not properly 
placed on the board, it will be ineffective as a decoupler 
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Figure 19. What a Decoupllng 
Capacitor 
Does 


and will serve only to increase the cost of the board. 
Good and bad placement of decoupling capacitors are 
illustrated in Figure 20. 


Power distribution traces on the PC board need to be 
laid out so as to obtain minimal area (minimal induc- 
tance) in the loops formed by each chip and its decou- 
pier, and by the chip decouplers and the board decou- 
pier. One way to accomplish this goal is to use a power 
plane. A power plane is the same as a ground plane, but 
at VCC potential. More economically, a power grid 
similar to the ground grid previously discussed (Figure 
8) can be used. Actually, if the chip decoupling loops 
are small, other aspects of the power layout are less 
critical. In other words, power planes and power grid- 
ding aren't needed, but power traces should be laid in 
the closest possible proximity to ground traces, prefer- 
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Figure 20. Placement 
of Decoupllng 
Capacitors 


ably so that each power trace is on the direct opposite 
side of the board from a ground trace. 


Special-purpose power supply distribution buses which 
mount on the PCB are available. The buses use a paral- 
lel flat conductor configuration, one conductor being a 
VCC line and the other a ground line. Used in conjunc- 
tion with a gridded ground layout, they not only pro- 
vide a low-inductance 
distribution 
system, but can 
themselves form part of the ground grid, thus facilitat- 
ing the PCB layout. The buses are available with and 
without enhanced bus capacitance, under the names 
Mini/Bus's and Q/PAC'" 
from Rogers Corp. (5750 E. 


McKellips, Mesa, AZ 85205). 


SELECTING 
THE VALUE 
OF THE 
DECOUPLlNG 
CAP 


The effectiveness of the decoupling cap has a lot to do 
with the way the power and ground traces connect this 
capacitor to the chip. In fact, the area formed by this 
loop is more important than the value of the capaci- 
tance. Then, given that the area of this loop is indeed 
minimal, it can generally be said that the larger the 
value of the decoupling cap, the more effective it is, if 
the cap has a mica, ceramic, glass, or polystyrene di- 
electric. 


It's often said, and not altogether accurately, that the 
chip decoupler shouldn't have too large a value. There 
are two reasons for this statement. One is that some 
capacitors, because of the nature of their dielectrics, 
tend to become inductive or lossy at higher frequencies. 
This is true of electrolytic capacitors, but mica, glass, 
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inductance between the capacitor and the chip. On a 
PC board this inductance is determined by the layout, 
and is the same whether the capacitor dropped into the 
PCB holes is 0.001 IJ-For 1 IJ-F.Thus, increasing the 
capacitance lowers the series resonant frequency. In 
fact, according to the resonant frequency formula, in- 
creasing C by a factor of 100 lowers the resonant fre- 
quency by a factor of 10. 


Figures quoted on the series resonant frequency of a 
0.01 IJ-Fcapacitor run from 10 to 15 MHz, depending 
on the lead length. If these numbers were accurate, a 
1 IJ-Fcapacitor in the same position on the board would 
have a resonant frequency of 1.0 to 1.5 MHz, and as a 
decoupler would do more harm than good. However, 
the numbers are based on a presumed inductance of a 
given length of wire (the lead length). It should be not- 
ed that a "length of wire" has no inductance at all, 
strictly speaking. Only a complete current loop has in- 
ductance, and the inductance depends on the geometry 
of the loop. Figures quoted on the inductance of a 
length of wire are based on a presumably "very large" 
loop area, such that the magnetic field produced by the 
return current has no cancellation effect on the field 
produced by the current in the given length of wire. 
Such a loop geometry is not and should not be the case 
with the decoupling loop. 


Figure 21 shows VCC waveforms, measured between 
pins 40 and 20 (VCC and VSS) of an 8751 CPU, for 
several conditions of decoupling on a PC board that has 
a decoupling loop area slightly larger than necessary. 
These photographs show the effects of increasing the 
decoupling capacitance and decreasing the area of the 
decoupling loop. The indications are that a 1 IJ-Fcapac- 
itor is better than a 0.1 IJ-Fcapacitor, which in turn is 
better than nothing, and that the board should have 
been laid out with more attention paid to the area of the 
decoupling loop. 


Figure 21e was obtained using a special-purpose experi- 
mental capacitor designed by Rogers Corp. (Q-Pac Di- 
vision, Mesa, AZ) for use as a decoupler. It consists of 
two parallel plates, the length of a 4O-pin DIP, separat- 
ed by a ceramic dielectric. Sandwiched between the 


come from thepower 
supply circuit itself. In that case, 
a well-designed distribution network faithfully delivers 
the glitch throughout 
the system. The VCC glitch in 


Figure 22 was found to be coming from within a bench 
power supply in response to the EMP produced by an 
induction coil spark generator that was being used at 
Intel during a study of noise sensitivity. The VCC 
glitch is about 400 mV high and some 20 IJ-sin dura- 
tion. Normal board decoupling techniques were ineffec- 
tive in removing it, but adding an on-board voltage reg- 
ulator chip did the job. 


Thus, a good case can be made in favor of using a 
voltage regulator chip on each PCB, instead of doing all 
the voltage regulation at the supply circuit. This eases 
requirements on the heat-sinking at the supply circuit, 
and alleviates much of the distribution and board de- 
coupling headaches. However, it also brings in the pos- 
sibility that different boards would be operating 
at 


slightly different VCC levels due to tolerance in the 
regulator chips; this then leads to slightly different logic 6 
levels from board to board. The implications of that 
may vary from nothing to latch-up, depending on what 
kinds of chips are on the boards, and how they react to 
an input "high" that is perhaps O.4Vhigher than local 
VCC. 


Recovering 
Gracefully 
from a Software 
Upset 


Even when one follows all the best guidelines for de- 
signing for a noisy environment, it's always possible for 
a noise transient to occur which exceeds the circuit's 
immunity level. In that case, one can strive at least for a 
graceful recovery. 


Graceful recovery schemes involve additional hardware 
and/or software which is supposed to return the system 
to a normal operating mode after a software upset has 
occurred. Two decisions have to be made: How to rec- 
ognize when an upset has occurred, and what to do 
about it. 
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(d) 1.0 /LFDecoupler Stretched Directly 
from Pin 40 to Pin 20, under the Socket. 
(This prevents the 1 MHz ripple, but there's 
no reduction In higher frequency components. 
Further Increases In capacitance 
effected no further Improvement.) 


210313-32 
(e) Speclal·Purpose Decoupllng Cap 
under Development by Rogers Corp. 
(Further discussion In text.) 
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(a) No Decoupllng Cap 
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210313-30 
(c) 0.1 /LFDecoupler Stretched Directly 
from Pin 40 to Pin 20, under the Socket. 
(The difference between this and 21b Is 
due only to the change In loop geometry. 
Also shown Is the upward slope of a ripple 
In VCC. The ripple frequency Is 
1 MHz, the same as ALE.) 
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Figure 21. Noise on VCC Line 
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Figure 22. EMP-Induced 
GUtch 


If the designer knows what kinds and combinations of 
outputs can legally be generated by the system, he can 
use gates to recognize and flag the occurrence of an 
illegal state of affairs. The flag can then trigger a jump 
to a recovery routine which then may check or re-ini- 
tialize data, perhaps output an error message, or gener- 
ate a simple reset.. 


The most reliable scheme is to use a so-called watchdog 
circuit. Here the CPU is programmed to generate a 
periodic signal as long as the system is executing in- 
structions in an expected manner. The periodic signal is 
then used to hold off a circuit that will trigger a jump to 
a recovery routine. The periodic signal needs to be AC- 
coupled to the trigger circuit so that a "stuck-at" fault 
won't continue to hold off the trigger. Then, if the proc- 
essor locks up someplace, the periodic signal is lost and 
the watchdog triggers a reset. 


In practice, it may be convenient to drive the watchdog 
circuit with a signal which is being generated anyway 
by the system. One needs to be careful, however, that 
an upset does in fact discontinue that signal. Specifical- 
ly, for example, one could use one of the digit drive 
signals going to a multiplexed display. But display 
scanning is often handled in response to a timer-inter- 
rupt, which may continue operating even though the 
main program is in a failure mode. Even so, with a little 
extra software, the signal can be used to control the 
watchdog (see Reference 8 on this). 


Simpler schemes can work well for simpler systems. 
For example, if a CPU isn't doing anything but scan- . 
ning and decoding a keyboard, there's little to lose and 
much to gain by simply resetting it periodically with an 
astable multivibrator. 
It only takes about 13 fLs (at 6 
MHz) to reset an 8048 if the clock oscillator is already 
running. 


A zero-cost measure is simply to fill all unused pro- 
gram memory with NOPs and JMPs to a recovery rou- 
tine. The effectiveness of this method is increased by 
writing the program in segments that are separated by 


NOPs and JMPs. It's still possible, of course, to get 
hung up in a data table or something. But you get a lot 
of protection, for the cost. 


Further discussion of graceful recovery schemes can be 
found in Reference 13. 


Special Problem Areas 


ESD 


MOS chips have some built-in protection against a stat- 
ic charge build-up on the pins, as would occur during 
normal handling, but there's no protection against the 
kinds of current levels and rise times that occur in a 
genuine electrostatic spark. These kinds of discharges 
can blow a crater in the silicon. 


It must be recognized that connecting CPU pins unpro- 
tected to a keyboard or to anything else that is subject 
to electrostatic discharges makes an extremely fragile 
configuration. Buffering them is the very least one can 
do. But buffering doesn't completely solve the problem, 
because then the buffer chips will sustain the damage 
(even TTL); therefore, one might consider mounting 
the buffer chips in sockets for ease of replacement. 


Transient suppressors, such as the TranZorbsw made 
by General Semiconductor 
Industries 
(Tempe, AZ), 
may in the long run provide the cheapest protection if 
their "zero inductance" structure is used. The structure 
~nd circuit application are shown in Figure 23. 


The suppressor element is a pn junction that operates 
like a Zener diode. Back-to-back units are available for 
AC operation. The element is more or less an open 
circuit at normal system voltage (the standoff voltage 
rating for the device), and conducts like a Zener diode 
at the clamping voltage. 


The lead inductance in the conventional transient sup- 
pressor package makes the conventional package essen- 
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tially useless for protection against ESD pulses, owing 
to the fast rise of these pulses. The "zero inductance" 
units are available singly in a 4-pin DIP, and in arrays 
of four to a 16-pin DIP for PCB level protection. In 
that application they should be mounted in close prox- 
imity to the chips they protect. 


In addition, metal enclosures or frames or parts that 
can receive an ESD spark should be connected by 
braided cable to the green-wire ground. Because of the 
ground impedance, ESD current shouldn't be allowed 
to flow through any signal ground, even if the chips are 
protected by transient suppressors. A 3S kV ESD spark 
can always spare a few hundred volts to drive a fast 
current pulse down a signal ground line if it can't find a 
braided cable to follow. Think how delighted your 8048 
will be to find its VSS pin 2S0V higher than VCC for a 
few 10s of nanoseconds. 


THE AUTOMOTIVE 
ENVIRONMENT 


The automobile presents an extremely hostile environ- 
ment for electronic systems. There are several parts to 
it: 
1. Temperature extremes from -4O"C to + 12S·C (un- 
der the hood) or + 8S·C (in the passenger compart- 
ment) 
2. Electromagnetic pulses from the ignition system 
3. Supply line transients that will knock your socks off 


One needs to take a long, careful look at the tempera- 
ture extremes. The allowable storage temperature range 
for most Intel MOS chips is -6S·C 
to + lSO·C, al- 
though some chips have a maximum storage tempera- 
ture rating of + 12S·C. In operation (or "under bias," 
as the data sheets say) the allowable ambient tempera- 
ture range depends on the product grade, as follows: 


Grade 
Ambient 
Temperature 


Mln 
Max 


Commercial 
0 
70 
Industrial 
-40 
+85 
Automotive 
-40 
+ 110 
Military 
-55 
+125 


The different product 
grades are actually the same 
chip, but tested according to different standards. Thus, 
a given commercial-grade chip might actually pass mil- 
itary temperature requirements, but not have been test- 
ed for it. (Of course, there are other differences in grad- 
ing requirements having to do with packaging, bum-in, 
traceability, etc.) 


In any case, it's apparent that commercial-grade chips 
can't be used safely in automotive applications, not 
even in the passenger compartment. 
Industrial-grade 
chips can be used in the passenger compartment, 
and 
automotive or military chips are required in under-the- 
hood applications. 


Ignition noise, CB radios, and that sort of thing are 
probably the least of your worries. In a poorly designed 
system, or in one that has not been adequately tested 
for the automotive 
environment, 
this type of EMI 
might cause a few software upsets, but not destroy 
chips. 


The major problem, and the one that seems to come as 
the biggest surprise to most people, is the line tran- 
sients. Regrettably, the l2V battery is not actually the 
source of power when the car is running. The charging 
system is, and it's not very clean. The only time the 
battery is the real source of power is when the car is 
first being started, and in that condition the battery 
terminals may be delivering about SV or 6V. As follows 
is a brief description of the major idiosyncracies of the 
"12V" automotive power line. 
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Figure 24. Typical Load Dump Transients 


• An abrupt reduction in the alternator load causes a 
positive voltage transient called "load dump." In a 
load dump transient the line voltage rises to 20V or 
30V in a few /-Ls,then decays exponentially with a 
time constant of about 100 /-Ls,as shown in Figure 
24. Much higher peak voltages and longer decay 
times have also been reported. The worst case load 
dump is caused by disconnecting a low battery from 
the alternator circuit while the alternator is running. 
Normally this would happen intermittently 
when 
the battery terminal connections are defective. 


• When the ignition is turned off, as the field excita- 
tion decays, the line voltage can go to between 
-40Vand 
-looV 
for 100 /-Lsor more. 


• Miscellaneous solenoid switching transients, such as 
the one shown in Figure 25, can drive the line to + 
or - 200V to 400V for several /-Ls. 


• Mutual coupling between unshielded wires in long 
harnesses can induce looV and 200V transients in 
unprotected circuits. 


What all this adds up to is that people in the business of 
building systems for automotive applications need a 
comprehensive 
testing 
program. 
An SAE guideline 
which describes the automotive environment is avail- 
able to designers: SAE Jl211, 
"Recommended 
Envi- 
ronmental Practices for Electronic Equipment Design," 
1980 SAE Handbook. Part 1, pp. 22.80-22.96. 


Some suggestions for protecting circuitry are shown in 
Figure 26. A transient suppressor is placed in front of 
the regulator chip to protect it. Since the rise times in 
these transients are not like those in ESD pulses, lead 
inductance is less critical and conventional devices can 
• 
be used. The regulator itself is pretty much of a necessi- 
ty, since a load dump transient is simply not going to be 
removed by any conventional LC or RC filter. 
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Figure 25. Transient Created by De-energizing an Air Conditioning 
Clutch Solenoid 
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Figure 26. Use of Transient Suppressors In Automotive 
Applications 


Special I/O interfacing is also required, because of the 
need for high tolerance to voltage transients, 
input 
noise, input/output 
isolation, etc. In addition, switches 
that are being monitored or driven by these buffers are 
usually referenced to chassis ground instead of signal 
ground, and in a car there can be many volts difference 
between the two. I/O interfacing is discussed in Refer- 
ence 2. 


The EMC Education committee has available a video 
tape: 
"Introduction 
to 
EMC-A 
Video 
Training 
Tape," by Henry Ott. Don White Consultants offers a 
series of training courses on many different aspects of 
electromagnetic compatibility. Most organizations that 
sponsor EMC courses also offer in-plant presentations. 


Parting Thoughts 


The main sources of information for this Application 
Note were the references by Ott and by White. Refer- 
ence 5 is probably the finest treatment currently avail- 
able on the subject. The other references provided spe- 
cific information as cited in the text. 


Courses and seminars on the subject of electromagnetic 
interference are given regularly throughout 
the year. 


Information on these can be obtained from: 


IEEE Electromagnetic Compatibility Society 
EMC Education Committee 
345 East 47th Street 
New York, NY 10017 


Don White Consultants, Inc. 
International Training Centre 
P.O. Box D 
Gainesville, VA 22065 
Phone: (703) 347-0030 
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Intel's microcontroller families (MCS@-48, MCS@-51, 
and iACX-96) contain a circuit that is commonly re- 
ferred to as the "on-chip oscillator". The on-chip cir- 
cuitry is not itself an oscillator, of course, but an ampli- 
fier that is suitable for use as the amplifier part of a 
feedback oscillator. The data sheets and Microcontoller 
Handbook show how the on-chip amplifier and several 
off-chip components can be used to design a working 
oscillator. With proper selection of off-chip compo- 
nents, these oscillator circuits will perform better than 
almost any other type of clock oscillator, and by almost 
any criterion of excellence. The suggested circuits are 
simple, economical, stable, and reliable. 


We offer assistance to our customers in selecting suit- 
able off-chip components to work with the on-chip os- 
cillator circuitry. It should be noted, however, that In- 
tel cannot assume the responsibility of writing specifi- 
cations for the off-chip components of the complete os- 
cillator circuit, nor of guaranteeing the performance of 
the finished design in production, anymore than a tran- 
sistor manufacturer, whose data sheets show a number 
of suggested amplifier circuits, can assume responsibili- 
ty for the operation, in production, of any of them. 


We are often asked why we don't publish a list of re- 
quired crystal or ceramic resonator specifications, and 
recommend values for the other off-chip components. 
This has been done in the past, but sometimes with 
consequences that were not intended. 


Suppose we suggest a maximum crystal resistance of 30 
ohms for some given frequency. Then your crystal sup- 
plier tells you the 30-ohm crystals are going to cost 
twice as much as 50-ohm crystals. Fearing that Intel 
will not "guarantee operation" with 50-ohm crsytals, 
you order the expensive ones. In fact, Intel guarantees 
only what is embodied within an Intel product. Besides, 
there is no reason why 50-ohm crystals couldn't be 
used, if the other off-chip components are suitably ad- 
justed. 


Should we recommend values for the other off-chip 
components? Should we do it for 50-ohm crystals or 30- 
ohm crystals? With respect to what should we optimize 
their selection? Should we minimize start-up time or 
maximize frequency stability? In many applications, 
neither start-up time nor frequency stability are partic- 
ularly critical, and our "recommendations" are only re- 
stricting your system to unnecessary tolerances. It all 
depends on the application. 


Although we will neither "specify" nor "recommend" 
specific off-chip components, we do offer assistance in 
these tasks. Intel application engineers are available to 
provide whatever technical assistance may be needed or 
desired by our customers in designing with Intel prod- 
ucts. 


This Application Note is intended to provide such as- 
sistance in the design of oscillator circuits for micro- 
controller systems. Its purpose is to describe in a practi- 
cal manner how oscillators work, how crystals and ce- 
ramic resonators work (and thus how to spec them), 
and what the on-chip amplifier looks like electronically 
and what its operating characteristics are. A BASIC 
program is provided in Appendix 11 to assist the de- 
signer in determining the effects of changing individual 
parameters. Suggestions are provided for establishing a 
pre-production test program. 


FEEDBACK 
OSCILLATORS 


Loop Gain 


Figure Ishows an amplifier whose output line goes into 
some passive network. If the input signal to the amplifi- 
er is '11J, then the output signal from the amplifer is '112 
= A'III and the output signal from the passive network 
is '113 = f3'112 = f3A'III. 
Thus f3A is the overall gain 
from terminal I to terminal 3. 
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Figure 1. Factors 
In Loop Gain 


Now connect terminal 1 to terminal 3, so that the sig- 
nal path forms a loop: 1 to 2 to 3, which is also 1. Now 
we have a feedback loop, and the gain factor f3A is 
called the loop gain. 
• 
Gain factors are complex numbers. That means they 
have a magnitude and a phase angle, both of which 
vary with frequency. When writing a complex number, 
one must specify both quantities, magnitude and angle. 
A number whose magnitude is 3, and whose angle is 45 
degrees is commonly written this way: 3L45°. The num- 
ber 1is, in complex number notation, 
lLOO, while -1 is 
ILI80°. 


By closing the feedback loop in Figure 1, we force the 
equality 


This equation has two solutions: 


2) {JA = 1LO·. 
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In a given circuit, 
either or both of the solutions 
may be 
in effect. In the first solution 
the circuit 
is quiescent 
(no 
output 
signal). 
If you're 
trying 
to make an oscillator, 
a 
no-signal 
condition 
is unacceptable. 
There 
are ways to 
guarantee 
that 
the second 
solution 
is the one that 
will 
be in effect, 
and 
that 
the 
quiescent 
condition 
will be 
excluded. 


How Feedback 
Oscillators 
Work 


A feedback 
oscillator 
amplifies 
its own noise and feeds 
it back to itself in exactly 
the right phase, at the oscilla- 
tion 
frequency, 
to build 
up and 
reinforce 
the 
desired 
oscillations. 
Its ability 
to do that 
depends 
on its loop 
gain. First, 
oscillations 
can occur only at the frequency 
for which 
the loop gain has a phase 
angle of 0 degrees. 


Second 
build-up 
of oscillations 
will occur 
only 
if the 
loop gain exceeds I at the frequency. 
Build-up 
contin- 
ues until nonlinearities 
in the circuit 
reduce the average 
value of the loop gain to exactly 
I. 


Start-up 
characteristics 
depend 
on 
the 
small-signal 
properties 
of the 
circuit, 
specifically, 
the 
small-signal 
loop gain. 
Steady-state 
characteristics 
of the oscillator 
depend 
on 
the 
large-signal 
properties 
of the 
circuit, 
such 
as the 
transfer 
curve 
(output 
voltage 
vs. input 
voltage) 
of the amplifier, 
and the clamping 
effect of the 
input 
protection 
devices. These 
things 
will be discussed 
more 
fully further 
on. First 
we will look at the basic 
operation 
of the particular 
oscillator 
circuit, 
called 
the 
"positive 
reactance" 
oscillator. 


The Positive Reactance 
Oscillator 


Figure 
2 shows 
the configuration 
of the positive 
reac- 
tance 
oscillator. 
The 
inverting 
amplifier, 
working 
into 
the 
impedance 
of the 
feedback 
network, 
produces 
an 
output 
signal that is nominally 
180 degrees out of phase 
with its input. 
The feedback 
network 
must 
provide 
an 
additional 
180 degrees 
phase shift, such that the overall 
loop gain has zero (or 360) degrees 
phase 
shift 
at the 
oscillation 
frequency. 
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Figure 2. Positive 
Reactance 
Oscillator 


In order 
for the loop gain to have zero phase angle it is 
necessary 
that 
the feedback 
element 
Zr have a positive 
reactance. 
That 
is, it must be inductive. 
Then, 
the fre- 
quency 
at which the phase angle is zero is approximate- 
ly the frequency 
at which 


+1 
Xf=-wC 


where Xr is the reactance 
of Zr (the total Zr being Rr + 
jXr, and C is the series combination 
of CX! and CX2. 


C = 
CX1 CX2 


CX1 + CX2 


In other 
words, 
Zr and C form a parallel 
resonant 
cir- 
cuit. 


If Zr is an inductor, 
then Xr = wL, and the frequency 
at which 
the loop gain has zero phase 
is the frequency 
at which 


wL=~ wC 


or 


1 
w = ,f[C 


Normally, 
Zr is not an inductor, 
but it must still have a 
positive 
reactance 
in order 
for the circuit 
to oscillate. 
There are some piezoelectric 
devices on the market 
that 
show 
a positive 
reactance, 
and 
provide 
a more 
stable 
oscillation 
frequency 
than 
an 
inductor 
will. 
Quartz 
crystals 
can be used where 
the oscillation 
frequency 
is 
critical, 
and lower cost ceramic 
resonators 
can be used 
where 
the frequency 
is less critical. 


When 
the 
feedback 
element 
is a piezoelectric 
device, 
this 
circuit 
configuration 
is called 
a Pierce 
oscillator. 
The advantage 
of piezoelectric 
resonators 
lies in their 
property 
of providing 
a wide range of positive 
reactance 
values 
over 
a very 
narrow 
range 
of frequencies. 
The 
reactance 
will equal 
11wC at some 
frequency 
within 
this range, 
so the oscillation 
frequency 
will be within 
the same 
range. 
Typically, 
the width 
of this 
range 
is 
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only 0.3% of the nominal frequency of a quartz crystal, 
and about 3% of the nominal frequency of a ceramic 
resonator. With relatively little design effort, frequency 
accuracies of 0.03% or better can be obtained with 
quartz crystals, and 0.3% or better with ceramic reso- 
nators. 


QUARTZ 
CRYSTALS 


The crystal resonator is a thin slice of quartz sand- 
wiched between two electrodes. Electrically, the device 
looks pretty much like a 5 or 6 pF capacitor, except 
that over certain ranges of frequencies the crystal has a 
positive (i.e., inductive) reactance. 


The ranges of positive reactance originate in the piezo- 
electric property of quartz: Squeezing the crystal gener- 
ates an internal E-field. The effect is reversible: Apply- 
ing an AC E-field causes the crystal to vibrate. At cer- 
tain vibrational frequencies there is a mechanical reso- 
nance. As the E-field frequency approaches a frequency 
of mechanical resonance, the measured reactance of the 
crystal becomes positive, as shown in Figure 3. 
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Figure 3. Crystal Reactance vs. Frequency 


Typically there are several ranges of frequencies where- 
in the reactance of the crystal is positive. Each range 
corresponds to a different mode of vibration in the crys- 
tal. The main resonsances are the so-called fundamen- 
tal response and the third and fifth overtone responses. 


The overtone responses shouldn't be confused with the 
harmonics of the fundamental. They're not harmonics, 
but different vibrational modes. They're not in general 
at exact integer multiples of the fundamental frequency. 
There will also be "spurious" responses, occurring typi- 
cally a few hundred KHz above each main response. 


To assure that an oscillator starts in the desired mode 
on power-up, something must be done to suppress the 
loop gain in the undesired frequency ranges. The crys- 
tal itself provides some protection against unwanted 
modes of oscillation; too much resistance in that mode, 
for example. Additionally, junction capacitances in the 
amplifying devices tend to reduce the gain at higher 
frequencies, and thus may discriminate against unwant- 
ed modes. In some cases a circuit fix is necessary, such 
as inserting a trap, a phase shifter, or ferrite beads to 
kill oscillations in unwanted modes. 


Crystal Parameters 


Equivalent Circuit 


Figure 4 shows an equivalent circuit that is used to 
represent the crystal for circuit analysis. 


The RI-LI-CI branch is called the motivational arm of 
the crystal. The values of these parameters derive from 
the mechanical properties of the crystal and are con- 
stant for a given mode of vibration. Typical values for 
various nominal frequencies are shown in Table 1. 
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Figure 4. Quartz Crystal: Symbol and 
Equivalent Circuit 


Co is called the shunt capacitance of the crystal. This is 
the capacitance of the crystal's electrodes and the me- 
chanical holder. If one were to measure the reactance of 
the crystal at a freuqency far removed from a resonance 
frequency, it is the reactance of this capacitance that 
would be measured. It's normally 3 to 7 pF. 
Table 1.Typical Crystal Parameters 


Frequency 
R1 
L1 
C1 
Co 
MHz 
ohms 
mH 
pF 
pF 


2 
100 
520 
0.012 
4 


4.608 
36 
117 
0.010 
2.9 


11.25 
19 
8.38 
0.024 
5.4 


6-29 


• 


intel· 
Ap·155 


The series resonant frequency of the crystal is the fre- 
quency at which LI and Cl are in resonance. This fre- 
quency is given by 


1 
f =--- 
s 
21TJL1C1 


At this frequency the impedance of the crystal is RI in 
parallel with the reactance of Co. For most purposes, 
this impedance is taken to be just R \0 since the reac- 
tance of Co is so much larger than RI. 


Load Capacitance 


A crystal oscillator circuit such as the one shown in 
Figure 2 (redrawn in Figure 5) operates at the frequen- 
cy for which the crystal is antiresonant (ie, parallel-res- 
onant) with the total capacitance across the crystal ter- 
minals external to the crystal. This total capacitance 
external to the crystal is called the load capacitance. 


As shown in Figure 5, the load capacitance is given by 


The crystal manufacturer needs to know the value of 
CL in order to adjust the crystal to the specified fre- 
quency. 
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Figure 5. Load Capacitance 


The adjustment involves putting the crystal in series 
with the specified CL, and then "trimming" the crystal 
to obtain resonance of the series combination of the 
crystal and CL at the specified frequency. Because of 
the high Q of the crystal, the resonant frequency of the 
series combination of the crystal and CL is the same as 


the antiresonant frequency of the parallel 
combination 
of the crystal and CL. This frequency is given by 


These frequency formulas are derived (in Appendix A) 
from the equivalent circuit of the crystal, using the as- 
sumptions that the Q of the crystal is extremely high, 
and that the circuit external to the crystal has no effect 
on the frequency other than to provide the load capaci- 
tance CL' The latter assumption is not precisely true, 
but it is close enough for present purposes. 


"Series" vs. "Parallel" 
Crystals 


There is no such thing as a "series cut" crystal as op- 
posed to a "parallel cut" crystal. There are different 
cuts of crystal, having to do with the parameters of its 
motional arm in various frequency ranges, but there is 
no special cut for series or parallel operation. 


An oscillator is series resonant if the oscillation fre- 
quency is fs of the crystal. To operate the crystal at fs, 
the amplifier has to be noninverting. When buying a 
crystal for such an oscillator, one does not specify a 
load capacitance. Rather, one specifies the loading con- 
dition as "series." 


If a "series" crystal is put into an oscillator that has an 
inverting amplifier, it will oscillate in parallel resonance 
with the load capacitance presented to the crystal by 
the oscillator circuit, at a frequency slightly above fs' In 
fact, at approximately 


This frequency would typically be about 0.02% above 
r, 


Equivalent Series Resistance 


The "series resistance" often listed on quartz crystal 
data sheets is the real part of the crystal impedance at 
the crystal's calibration frequency. This will be RI if 
the calibration frequency is the series resonant frequen- 
cy of the crystal. If the crystal is calibrated for parallel 
resonance with a load capacitance CL, the equivalent 
series resistance will be 


ESR = R1 (1 +~r 


The crystal manufacturer 
measures this resistance at 
the calibration frequency during the same operation in 
which the crystal is adjusted to the calibration frequen- 
cy. 
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Frequency 
Tolerance 


Frequency tolerance as discussed here is not a require- 
ment on the crystal, but on the complete oscillator. 
There are two types of frequency tolerances on oscilla- 
tors: frequency acccuracy 
and frequency stability. 
Fre- 
quency accuracy, refers to the oscillator's ability to run 
at an exact specified frequency. Frequency stability re- 
fers to the constancy of the oscillation frequency. 


Frequency accuracy requires mainly that the oscillator 
circuit present to the crystal the same load capacitance 
that it was adjusted for. Frequency stability requires 
mainly that the load capacitance be constant. 


In most digital applications the accuracy and stability 
requirements on the oscillator are so wide that it makes 
very little difference what load capacitance the crystal 
was adjusted to, or what load capacitance the circuit 
actually presents to the crystal. For example, if a crys- 
tal was calibrated to a load capacitance of 25 pF, and is 
used in a circuit whose actual load capacitance is 50 pF, 
the frequency error on that account would be less than 
0.01%. 


In a positive reactance oscillator, the crystal only needs 
to be in the intended response mode for the oscillator to 
satisfy a 0.5% or better frequency tolerance. That's be- 
cause for any load capacitance the oscillation frequency 
is certain to be between the crystal's resonant and anti- 
resonant frequencies. 


Phase shifts that take place within the amplifier part of 
the oscillator will also affect frequency accuracy and 
stability. These phase shifts can normally be modeled as 
an "output capacitance" that, in the positive reactance 
oscillator, parallels CX2. The predictability and con- 
stancy of this output capacitance over temperature and 
device sample will be the limiting factor in determining 
the tolerances that the circuit is capable of holding. 


Drive Level 


Drive level refers to the power dissipation in the crys- 
tal. There are two reasons for specifying it. One is that 
the parameters in the equivalent circuit are somewhat 
dependent on the drive level at which the crystal is 
calibrated. The other is that if the application circuit 
exceeds the test drive level by too much, the crystal 
may be damaged, Note that the terms "test drive level" 
and "rated drive level" both refer to the drive level at 
'which the crystal is calibrated. Normally, in a micro- 
controller system, neither the frequency tolerances nor 
the power levelsjustify much concern for this specifica- 
tion. Some crystal manufacturers don't even require it 
for microprocessor crystals. 


In a positive reactance oscillator, if one assumes the 
peak voltage across the crystal to be something in the 
neighborhood of VcC> the power dissipation can be ap- 
proximated as 


P = 2R1 [,rf (CL + Co) Vcc)2 


This formula is derived in Appendix A. In a 5V system, 
P rarely evaluates to more than a milliwatt. Crystals 
with a standard 
1 or 2 mW drive level rating can be 
used in most digital systems. 
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Figure 6. Ceramic 
Resonator 
Impedance 
vs. 
Frequency 
(Test Data Supplied 
by NTK 
Technical 
Ceramics) 


CERAMIC 
RESONATORS 


Ceramic resonators operate on the same basic princi- 
ples as a quartz crsytal. Like quartz crsytals, they are 
piezoelectric, have a reactance versus frequency curve 
similar to a crystal's, and an equivalent circuit that 
looks just like a crystal's (with different parameter val- 
ues, however). 


The frequency tolerance of a ceramic resonator is about 
two orders of magnitude wider than a crystal's, but the 
ceramic is somewhat cheaper than a crystal. It may be 
noted for comparison that quartz crystals with relaxed 
tolerances cost about twice as much as ceramic resona- 
tors. For purposes of clocking a microcontroller, 
the 
frequency tolerance is often relatively noncritical, and 
the economic consideration becomes the dominant fac- 
tor. 


Figure 6 shows a graph of impedance magnitude versus 
frequency for a 3.58 MHz' ceramic resonator. (Note 
that Figure 6 is a graph of Izrl versus frequency, where 
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as Figure 3 is a graph of Xr versus frequency.) A num- 
ber of spurious responses are apparent in Figure 6. The 
manufacturers state that spurious responses are more 
prevalent 
in the 
lower frequency 
resonators 
(kHz 
range) than in the higher frequency units (MHz range). 
For our purposes only the MHz range ceramics need to 
be considered. 
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Figure 7. Ceramic Resonator: Symbol and 
Equivalent Circuit 


Figure 7 shows the symbol and equivalent circuit for 
the ceramic resonator, both of which are the same as 
for the crystal. The parameters have different values, 
however, as listed in Table 2. 


Table 2. Typical Ceramic Parameters 


Frequency 
R1 
L1 
C1 
Co 
MHz 
ohms 
mH 
pF 
pF 
3.58 
7 
0.113 
19.6 
140 
6.0 
8 
0.094 
8.3 
60 
8.0 
7 
0.092 
4.6 
40 
11.0 
10 
0.057 
3.9 
30 


Note that the motional arm of the ceramic resonator 
tends to have less resistance than the quartz crystal and 
also a vastly reduced LI/CI 
ratio. This results in the 
motional arm having a Q (given by (I/RI) 
~LI/CI) that 
is typically two orders of magnitude lower than that of 
a quartz crystal. The lower Q makes for a faster startup 
of the oscilaltor and for a less closely controlled fre- 
quency (meaning that circuitry external to the resona- 
tor will have more influence on the frequency than with 
a quartz crystal). 


Another major difference is that the shunt capacitance 
of the ceramic resonator is an order of magnitude high- 
er than Co of the quartz crystal and more dependent on 
the frequency of the resonator. 


The implications of these differences are not all obvi- 
ous, but some will be indicated in the section on Oscil- 
lator Calculations. 


Specifications 
for Ceramic Resonators 


Ceramic resonators are easier to specify than quartz 
crystals. All the vendor wants to know is the desired 


frequency and the chip you want it to work with. 
They'll supply the resonators, a circuit diagram show- 
ing the positions and values of other external compo- 
nents that may be required and a guarantee that the 
circuit will work properly at the specified frequency. 


OSCILLATOR DESIGN 
CONSIDERATIONS 


Designers of microcontroller systems have a number of 
options to choose from for clocking the system. The 
main decision is whether to use the "on-chip" oscillator 
or an external oscillator. If the choice is to use the on- 
chip oscillator, what kinds of external components are 
needed to make it operate as advertised? If the choice is 
to use an external oscillator, what type of oscillator 
should it be? 


The decisions have to be based on both economic and 
technical requirements. 
In this section we'll discuss 
some of the factors that should be considered. 
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Figure 8. Using the "On-Chip" Oscillator 


On-Chip Oscillators 


In most cases, the on-chip amplifier with the appropri- 
ate external components provides the most economical 
solution to the clocking problem. Exceptions may arise 
in severe environments when frequency tolerances are 
tighter than about 0.01%. 


The external components that need to be added are a 
positive reactance (normally a crystal or ceramic reso- 
nator) and the two capacitors CXI and CX2, as shown 
in Figure 8. 


Crystal Specifications 


Specifications for an appropriate crystal are not very 
critical, unless the frequency is. Any fundamental-mode 
crystal of medium or better quality can be used. 
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We are often 
asked 
what 
maximum 
crystal 
resistance 
should 
be specified. 
The best answer 
to this question 
is 
the lower the better, 
but use what's 
available. 
The crys- 
tal resistance 
will have some effect on start-up 
time and 
steady-state 
amplitude, 
but not so much 
that it can't be 
compensated 
for by appropriate 
selection 
of the capaci- 
tances 
CX! and CX2. 


Similar 
questions 
are asked about 
specifications 
of load 
capacitance 
and shunt 
capacitance. 
The best advice we 
can give is to understand 
what 
these parameters 
mean 
and how they 
affect 
the operation 
of the circuit 
(that 
being the purpose 
of this Application 
Note), 
and then 
decide for yourself 
if such specifications 
are meaningful 
in your 
application 
or not. 
Normally, 
they're 
not, 
un- 
less your 
frequency 
tolerances 
are tighter 
than 
about 
0.1%. 


Part 
of the problem 
is that 
crystal 
manufacturers 
are 
accustomed 
to talking 
"ppm" 
tolerances 
with radio en- 
gineers 
and simply 
won't 
take your 
order 
until 
you've 
filled out their 
list of specifications. 
It will help if you 
define 
your 
actual 
frequency 
tolerance 
requirements, 
both 
for 
yourself 
and 
to 
the 
crystal 
manufacturer. 


Don't 
pay for 0.003% 
crystals 
if your actual 
frequency 
tolerance 
is 1%. 


Oscillation 
Frequency 


The 
oscillation 
frequency 
is determined 
99.5% 
by the 
crystal 
and up to about 
0.5% 
by the circuit 
external 
to 
the crystal. 
The on-chip 
amplifier 
has little effect on the 
frequency, 
which 
is as it should 
be, since the amplifier 
parameters 
are temperature 
and process 
dependent. 


The influence 
of the on-chip 
amplifier 
on the frequency 
is by means 
of its input 
and output 
(pin-to-ground) 
ea- 
pacitances, 
which 
parallel 
CX! 
and 
CX2, 
and 
the 
XTALI-to-XTAL2 
(pin-to-pin) 
capacitance, 
which 
parallels 
the crystal. 
The input 
and pin-to-pin 
capaci- 
tances 
are about 
7 pF each. 
Internal 
phase 
deviations 
from 
the 
nominal 
1800 can 
be modeled 
as an output 
capacitance 
of 25 to 30 pF. These 
deviations 
from the 
ideal have less effect in the positive 
reactance 
oscillator 
(with 
the inverting 
amplifer) 
than 
in a comparable 
se- 
ries resonant 
oscillator 
(with 
the noninverting 
amplifi- 
er) for two reasons: 
first, the effect of the output 
capaci- 
tance is lessened, 
if not swamped, 
by the off-chip capac- 
itor; 
secondly, 
the 
positive 
reactance 
oscillator 
is less 
sensitive, 
frequency-wise, 
to such phase 
errors. 


Selection 
of Cx 1 and CX2 


Optimal 
values for the capacitors 
CX! and CX2 depend 
on 
whether 
a 
quartz 
crystal 
or 
ceramic 
resona- 


tor is being 
used, 
and 
also on application-specific 
re- 
quirements 
on start-up 
time and frequency 
tolerance. 


Start-up 
time is sometimes 
more 
critical 
in microcon- 
troller 
systems 
than frequency 
stability, 
because 
of vari- 
ous reset and initialization 
requirements. 


Less commonly, 
accuracy 
of the oscillator 
frequency 
is 
also critical, 
for example, 
when 
the oscillator 
is being 
used as a time base. As a general 
rule, fast start-up 
and 
stable 
frequency 
tend 
to pull 
the 
oscillator 
design 
in 
opposite 
directions. 


Considerations 
of both start-up 
time and frequency 
sta- 
bility 
over 
temperature 
suggest 
that 
CX! 
and 
CX2 
should 
be about 
equal 
and 
at least 
20 pF. 
(But 
they 
don't 
have to be either.) 
Increasing 
the value 
of these 
capacitances 
above some 40 or 50 pF improves 
frequen- 
cy stability. 
It also tends 
to increase 
the start-up 
time. 


There 
is a maximum 
value 
(several 
hundred 
pF, 
de- 


pending 
on the 
value 
of R! 
of the quartz 
or ceramic 


resonator) 
above which 
the oscillator 
won't 
start 
up at 
all. 


If the on-chip 
amplifier 
is a simple 
inverter, 
such as in 
the 8051, the user 
can select 
values 
for CX! and 
CX2 
between 
some 
20 and 
lOO pF, 
depending 
on whether 
start-up 
time or frequency 
stability 
is the more 
critical 
parameter 
in a specific 
application. 
If the on-chip 
am- 
plifier is a Schmitt 
Trigger, 
such as in the 8048, smaller 
values 
of CX! must 
be used (5 to 30 pF), 
in order 
to 
prevent 
the 
oscillator 
from 
running 
in 
a relaxation 
mode. 


Later 
sections 
in this Application 
Note will discuss 
the 
effects of varying 
CX! and CX2 (as well as other param- 
eters), 
and will have more to say on their 
selection. 


Placement 
of Components 


Noise 
glitches 
arriving 
at XTALl 
or XTAL2 
pins 
at 
the 
wrong 
time 
can 
cause 
a miscount 
in the 
internal 
clock-generating 
circuitry. 
These 
kinds 
of glitches 
can 
be produced 
through 
capacitive 
coupling 
between 
the 
oscillator 
components 
and PCB 
traces 
carrying 
digital 
signals with fast rise and fall times. For this reason, 
the 
oscillator 
components 
should 
be mounted 
close to the 
chip 
and 
have 
short, 
direct 
traces 
to 
the 
XTALl, 
XT AL2, 
and VSS pins. 


Clocking 
Other Chips 


There 
are times when 
it would 
be desirable 
to use the 
on-chip 
oscillator 
to clock 
other 
chips 
in the 
system. 
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B) DRIVING 
FROM 
XTAL 1 


Figure 9. Using the On-Chip Oscillator 
to Drive Other Chips 


This can be done if an appropriate buffer is used. A 
TTL buffer puts too much load on the on-chip amplifi- 
er for reliable start-up. A CMOS buffer (such as the 
74HC04) can be used, if it's fast enough and if its VIH 
and VIL specs are compatible with the available signal 
amplitudes. Circuits such as shown in Figure 9 might 
also be considered for these types of applications. 


Clock-related signals are available at the TO pin in the 
MCS-48 products, at ALE in the MCS-48 and MCS-51 
lines, and the iACX-96 controllers provide a CLKOUT 
signal. 


External Oscillators 


When technical requirements dictate the use of an ex- 
ternal oscillator, the external drive requirements for the 
microcontroller, as published in the data sheet, must be 
carefully noted. The logic levels are not in general TTL- 
compatible. And each controller has its idiosyncracies 
in this regard. The 8048, for example, requires that 
both XTALl and XTAL2 be driven. The 8051 can be 
driven that way, but the data sheet suggest the simpler 
method of grounding XTALl and driving XTAL2. For 
this method, the driving source must be capable of sink- 
ing some current when XTAL2 is being driven low. 


For the external oscillator itself, there are basically two 
choices: ready-made and home-grown. 
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TTL Crystal 
Clock 
Oscillator 
Frequency Tolerance: 
± 0.1% Overall O·C- 70·C 


The HS-lOO, HS-200, & HS-500 all-metal package se- 
Hermetlcally 
Sealed 
Package 
ries of oscillators 
are TTL 
compatible 
& fit a DIP 
layout. 
Standard 
electrical 
specifications 
are shown 
Mass spectrometer leak rate max. 


below. 
Variations 
are available 
for 
special applica- 
I 
X 
10-8 
atmos. cc/sec. of helium 
tions. 


Frequency Range: HS-l00-3.5 
MHz 
to 30 MHz 
Output 
Waveform 


HS-200-225 
KHz 
to 3.5 MHz 
-rr- ..•.• 
T''"" 
HS-500-25 
MHz 
to 60 MHz 
.~ lE; 


- 
- 
---24Voe 


- 
--- 
----14 
voe 


=- ---- 
___ 
____ 04voe 
--VOl 


14O%Min 
.ovoc 


6O%Max 
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INPUT 


HS-100 
HS-200 
H5-S00 


3.5 MHz-20 
MHz 
20+ 
MHz-30 
MHz 
225 KHz-4.0 
MHz 
25 MHz-60 
MHz 


Supply Voltage 
(Vcel 
5V ±10% 
5V ±10% 
5V ±10% 
5V ±10% 
Supply Current 
(Icel max. 
30mA 
40mA 
85mA 
50mA 


OUTPUT 


HS-100 
H5-200 
HS-SOO 


3.5 MHz-20 
MHz 
20+ 
MHz-30 
MHz 
225 KHz-4.0 
MHz 
25 MHz-60 
MHz 


VOH (Logic "1") 
+2.4V 
min.1 
+2.7V 
min.2 
+2.4Vmin.1 
+2.7Vmin.2 


VOl (Logic "0") 
+O.4V max.3 
+0.5V 
rnax.s 
+O.4V 
max.3 
+0.5V 
max.4 


Symmetry 
60/40%5 
60/40%5 
55/45%5 
60/40%5 


TR, TF (Rise & 
Fall Time) 
< 10 ns6 
< 5 ns6 
< 15 ns6 
< 5 ns6 


Output Short 
Circuit Current 
18 mA min. 
40mAmin. 
18mAmin. 
40mAmin. 


Output 
Load 
1 to 10 TTL Loads? 
1 to 10 TTL Loadsf 
1 to 10 TTL Loads? 
1 to 10 TTL Loads8 


CONDITIONS 
110source = - 400 p.A max. 
410 sink = 20.00 mA max. 
?1.6 mA per load 
210source = -1.0 
mA max. 
5Vo = 1.4V 
82.0 mA per load 
310sink = 16.0 mA max. 
6(0.4V to 2.4V) 


Figure 
10. Pre-Packaged 
Oscillator 
Data' 


'Reprinted with the permission of ©Midland-Ross Corporation 1982. 
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Prepackaged oscillators are available from most crystal 
manufacturers, and have the advantage that the system 
designer can treat the oscillator as a black box whose 
performance is guaranteed by people who carry many 
years of experience in designing and building oscilla- 
tors. Figure 10 shows a typical data sheet for some 
prepackaged oscillators. Oscillators are also available 
with complementary outputs. 


If the oscillator is to drive the microcontroller directly, 
one will want to make a careful comparison between 
the external drive requirements in the microcontroller 
data sheet and the oscillator's output logic levels and 
test conditions. 


If oscillator stability is less critical than cost, the user 
may prefer to go with an in-house design. Not without 
some precautions, however. 


It's easy to design oscillators that work. Almost all of 
them do work, even if the designer isn't too clear on 
why. The key point here is that almost 
all of them 
work. The problems begin when the system goes into 
production, 
and marginal units commence malfunc- 
tioning in the field. Most digital designers, after all, are 
not very adept at designing oscillators for production. 


Oscillator design is somewhat of a black art, with the 
quality of the finished product being very dependent on 
the designer's experience and intuition. For that reason 
the most important consideration in any design is to 
have an adequate preproduction test program. Prepro- 
duction tests are discussed later in this Application 
Note. Here we will discuss some of the design options 
and take a look at.some commonly used configurations. 


Gate Oscillators 
versus Discrete 
Devices 


Digital systems designers are understandably reluctant 
to get involved with discrete devices and their peculiari- 
ties (biasing techniques, etc.). Besides, the component 
count for these circuits tends to be quite a bit higher 
than what a digital designer is used to seeing for that 
amount of functionality. Nevertheless, if there are un- 
usual requirements on the accuracy and stability of the 
clock frequency, it should be noted that discrete device 
oscillators can be tailored to suit the exact needs of the 
application and perfected to a level that would be diffi- 
cult for a gate oscillator to approach. 


In most cases, when an external oscillator is needed, the 
designer tends to rely on some form of a gate oscillator. 
A TTL inverter with a resistor connecting the output to 
the input makes a suitable inverting amplifier. The re- 
sistor holds the inverter in the transition region be- 
tween logical high and low, so that at least for start-up 
purposes the inverter is a linear amplifier. 


The feedback resistance has to be quite low, however, 
since it must conduct current sourced by the input pin 
without allowing the DC input voltage to get too far 
above the DC output voltage. For biasing purposes, the 
feedback resistance should not exceed a few k-ohms. 
But shunting the crystal with such a low resistance does 
not encourage start-up. 
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Figure 11. Commonly 
Used Gate Oscillators 


Consequently, the configuration in Figure IIA might 
be suggested. By breaking Rr into two parts and AC- 
grounding the midpoint, one achieves the DC feedback 
required to hold the inverter in its active region, but 
without the negative signal feedback that is in effect 
telling the circuit not to oscillate. However, this biasing 
scheme will increase the start-up time, and relaxation- 
type oscillations are also possible. 


A CMOS inverter, such as the 74HC04, might work 
better in this application, since a larger Rr can be used 
to hold the inverter in its linear region. 


Logic gates tend to have a fairly low output resistance, 
which destabilizes the oscillator. For that reason a re- 
sistor Rx is often added to the feedback network, as 
shown in Figures IIA and B. At higher frequencies a 
20 or 30 pF capacitor is sometimes used in the Rx posi- 
tion, to compensate for some of the internal propaga- 
tion delay. 


Reference I contains an excellent discussion of gate os- 
cillators, and a number of design examples. 
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Fundamental versus Overtone Operation 


It's easier to design an oscillator circuit to operate in 
the resonator's fundamental response mode than to de- 
sign one for overtone operation. A quartz crystal whose 
fundamental response mode covers the desired frequen- 
cy can be obtained up to some 30 MHz. For frequencies 
above that, the crystal might be used in an overtone 
mode. 


Several problems arise in the design of an overtone os- 
cillator. One is to stop the circuit from oscillating in the 
fundamental mode, which is what it would really rather 
do, for a number of reasons, involving both the amplify- 
ing device and the crystal. An additional problem with 
overtone operation is an increased tendency to spurious 
oscillations. That is because the R I of various spurious 
modes is likely to be about the same as RI of the in- 
tended overtone response. It may be necessary, as sug- 
gested in Reference I, to specify a "spurious-to-main- 
response" resistance ratio to avoid the possibility of 
trouble. 


Overtone oscillators are not to be taken lightly. One 
would be well advised to consult with an engineer who 
is knowledgeable in the subject during the design phase 
of such a circuit. 


Series versus Parallel Operation 


Series resonant oscillators use noninverting amplifiers. 
To make a noninverting amplifier out of logic gates 
requires that two inverters be used, as shown in Figure 
12. 


This type of circuit tends to be inaccurate and unstable 
in frequency over variations in temperature and Ycc. It 
has a tendency to oscillate at overtones, and to oscillate 
through Co of the crystal or some stray capacitance 
rather than as controlled by the mechanical resonance 
of the crystal. 


The demon in series resonant oscillators is the phase 
shift in the amplifier. The series resonant oscillator 
wants more than just a "noninverting" 
amplifier-it 
wants a zero phase-shift 
amplifier. Multistage nonin- 
verting amplifiers tend to have a considerably lagging 
phase shift, such that the crystal reactance must be ca- 
pacitive in order to bring the total phase shift around 
the feedback loop back up to O. In this mode, a "12 
MHz" crystal may be running at 8 or 9 MHz. One can 
put a capacitor in series with the crystal to relieve the 
crystal of having to produce all of the required phase 
shift, and bring the oscillation frequency closer to fs. 
However, to further complicate the situation, the am- 
plifier's phase shift is strongly dependent on frequency, 
temperature, YCC, and device sample. 


lK 
lK 


230659-15 


Figure 12. "Series Resonant" Gate Oscillator 


Positive reactance oscillators ("parallel resonant") use 
inverting amplifiers. A single logic inverter can be used 
for the amplifier, as in Figure 11. The amplifier's phase 
shift is less critical, compared to a series resonant cir- 
cuit, and since only one inverter is involved there's less 
phase error anyway. The oscillation frequency is effec- 
tively bounded by the resonant and antiresonant 
fre- 
quencies of the crystal itself. In addition, the feedback 
network includes capacitors that parallel the input and 
output terminals of the amplifier, thus reducing the ef- 
fect of unpredictabl: capacitances at these points. 


MORE ABOUT 
USING THE "ON-CHIP" 
OSCILLATORS 


In this section we will describe the on-chip inverters on 
selected microcontrollers 
in some detail, and discuss 
criteria for selecting components to work with them. 
Future data sheets will supplement this discussion with 
updates and information pertinent to the use of each 
chip's oscillator circuitry. 


Oscillator 
Calculations 


Oscillator design, though aided by theory, is still largely 
an empirical exercise. The circuit is inherently nonlin- 
ear, and the normal analysis parameters vary with in- 
stantaneous voltage. In addition, when dealing with the 
on-chip circuitry, we have FETs being used as resistors, 
resistors being used as interconnects, distributed delays, 
input protection devices, parasitic junctions, and pro- 
cessing variations. 


Consequently, 
oscillator calculations 
are never very 
precise. They can be useful, however, if they will at 
least indicate the effects of variations in the circuit pa- 
rameters on start-up time, oscillation frequency, and 
steady-state amplitude. Start-up time, for example, can 
be taken as an indication of start-up reliability. If pre- 
production tests indicate a possible start-up problem, a 
relatively inexperienced designer can at least be made 
aware of what parameter may be causing the marginali- 
ty, and what direction to go in to fix it. 
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B) AC-Equlvalent 
of (A) 


Figure 13. Oscillator Circuit Model Used 
in Start-Up Calculations 


The analysis used here is mathematically straightfor- 
ward but algebraically intractable. That means it's rela- 
tively easy to understand and program into a computer, 
but it will not yield a neat formula that gives, say, 
steady-state amplitude as a function of this or that .list 
of parameters. A listing of a BASIC program that Im- 
plements the analysis will be found in Appendix 11. 


When the circuit is first powered up, and before the 
oscillations have commenced (and if the oscillations/ail 
to commence), the oscillator can be treated as a small 
signal linear amplifier with feedback. In that case, stan- 
dard small-signal analysis techniques can be used to 
determine start-up characteristics. 
The circuit model 
used in this analysis is shown in Figure 13. 


The circuit approximates that there are no high-fre- 
quency effects within the amplifier itslef, such that. its 
high-frequency behavior is dominated ~y th.e load I~- 
pedance ZL. This is a reasonable app.roxlmatlOnfor s~n- 
gle-stage amplifiers of the type used In 805l-type deVIC- 
es. Then the gain of the amplifier as a function of fre- 
quency is 
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Figure 14. Loop Gain versus Frequency 
(4.608 MHz Crystal) 


The gain of the feedback network is 


z, 
(J=-- 
Zj + Zf 


And the loop gain is 
z 
A 
ZL 
(JA = --'- 
X -""--- 
z, + z, 
ZL + Ro 


The impedances ZL, Zf, and Zj are defined in Figure 
13B. 


Figure 14 shows the way the loop gain thus calculated 
(using typical 8051-type parameters and a 4.60~ MHz 
crystal) varies with frequency. The frequency ?f ~nterest 
is the one for which the phase of the loop gain ISzero. 
The accepted criterion for start-up is that the magni- 
tude of the loop gain must exceed unity at this frequen- 
cy. This is the frequency at which the circuit is in reso- 
nance. It corresponds very closely with the antiresonant 
frequency of the motional arm of the crystal in parallel 
with CL' 


Figure 15 shows the way the loop gain varies with fre- 
quency when the parameters of a 3.58 MHz cera.mic 
resonator are used in place of a crystal (the amplifier 
parameters being typical 8051, as in Figure 14). Note 
the different frequency scales. 


6-38 


intel. 
AP-155 


PHASE 


-50" 


20 
MAGNITUDE 


15 


10 


3.55 
3.57 
t--~ 
3.511 
F,lIHz 


230659-19 


Figure 15. Loop Gain versus Frequency 
(3.58 MHz Ceramic) 


Start-Up Characteristics 


It is common, in studies of feedback systems, to exam- 
ine the behavior of the closed loop gain as a function of 
complex frequency s = er + jco; specifically, to deter- 
mine the location of its poles in the complex plane. A 
pole is a point on the complex plane where the gain 
function goes to infinity. Knowledge of its location can 
be used to predict the response of the system to an 
input disturbance. 


The way that the response function depends on the lo- 
cation of the poles is shown in Figure 16. Poles in the 
left-half plane cause the response function to take the 
form of a damped sinusoid. Poles in the right-half plane 
cause the response function to take the form of an expo- 
nentially growing sinusoid. In general, 


v(t) 
- 
eat sin (cot + 11) 


where a is the real part of the pole frequency. Thus if 
the pole is in the right-half plane, a is positive and the 
sinusoid grows. If the pole is in the left-half plane, a is 
negative and the sinusoid is damped. 


The same type of analysis can usefully be applied to 
oscillators. In this case, however, rather than trying to 
ensure that the poles are in the left-half plane, we 
would seek to ensure that they're in the right-half plane. 
An exponentially growing sinusoid is exactly what is 
wanted from an oscillator that has just been powered 
up. 


230659-22 
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Figure 16. Do You Know Where Your 
Poles Are Tonight? 


The gain function of interest in oscillators is 1/( 1 - 
/3A). Its poles are at the complex frequencies where /3A 
= !LO·,because that value of /3A causes the gain func- 
tion to go to infinity. The oscillator will start up if the 
real part of the pole frequency is positive. More impor- 
tantly, the rate at which it starts up is indicated by how 
much greater than 0 the real part of the pole frequency 
is. 


The circuit in Figure l3B can be used to find the pole 
frequencies of the oscillator gain function. All that 
needs to be done is evaluate the impedances at complex 
frequencies er + jw rather than just at w, and find the 
value of er + jw for which /3A = ILO".The larger that 
value of er is, the faster the oscillator will start up. 


Of course, other things besides pole frequencies, things 
like the VCC rise time, are at work in determining the 
start-up time. But to the extend that the pole frequen- 
cies do affect start-up time, we can obtain results like 
those in Figures 17 and 18. 


To obtain these figures the pole frequencies were com- 
puted 
for various 
values of capacitance 
Cx 
from 
XTALI and XTAL2 to ground (thus Cx! = CX2 = 
Cx). Then a "time constant" for start-up was calculat- 
1 
ed as Ts = -;;where er is the real part of the pole fre- 


quency (rad/sec), and this time constant is plotted ver- 
sus Cx. 
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Figure 17. Oscill~tor Start-Up (4.608 MHz Crystal 
from Standard Crystal Corp.) 


A short time constant means faster start-up. A long 
time constant means slow start-up. Observations of ac- 
tual start-ups are shown in the figures. Figure 17 is for 
a typical 8051 with a 4.608 MHz crystal supplied by 
Standard Crystal Corp., and Figure 18 is for a typical 
8051 with a 3.58 MHz ceramic resonator supplied by 
NTK Technical Ceramics, Ltd. 


It can be seen in Figure 17 that, for this crystal, values 
of Cx between 30 and 50 pF minimize start-up time, 
but that the exact value in this range is not particularly 
important, even if the start-up time itself is criticaL 
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As previously mentioned, start-up time can be taken as 
an indication of start-up reliability. Start-up problems 
are normally associated with CX! and CX2 being too 
small or too large for a given resonator. If the parame- 
ters of the resonator are known, curves such as in Fig- 
ure 17 or 18 can be generated to define acceptable 
ranges of values for these capacitors . 


As the oscillations grow in amplitude, they reach a lev- 
el at which they undergo severe clipping within the am- 
plifier, in effect reducing the amplifier gain. As the am- 
plifier gain decreases, the poles move towards the jw 
axis. In steady-state, the poles are on the jw axis and 
the amplitude of the oscillations is constant. 
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Figure 18. Oscillator Start-Up (3.58 MHz Ceramic 
Resonator from NTK Technical Ceramics) 
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Figure 19. Calculated 
and Experimental 
Steady- 
State Amplitudes 
vs. Bulk Capacitance 
from 
XTAL 1 and XTAL2 to Ground 


Steady-State 
Characteristics 


Steady-state 
analysis 
is greatly 
complicated 
by the fact 
that 
we are 
dealing 
with 
large 
signals 
and 
nonlinear 
circuit 
response. 
The 
circuit 
parameters 
vary 
with 
in- 


stantaneous 
voltage, 
and 
a number 
of clamping 
and 
clipping 
mechanisms 
come 
into 
play. 
Analyses 
that 
take all these things into account 
are too complicated 
to 
be of general 
use, and 
analyses 
that 
don't 
take 
them 
into account 
are too inaccurate 
to justify 
the effort. 


There 
is a steady-state 
analysis 
in Appendix 
B that 
takes 
some 
of the complications 
into 
account 
and 
ig- 
nores others. 
Figure 
19 shows the way the steady-state 
amplitudes 
thus calculated 
(using typical 
8051 parame- 
ters 
and 
a 4.608 
MHz 
crystal) 
vary 
with 
equal 
bulk 
capacitance 
placed 
from 
XT AL 1 
and 
XT AL2 
to 
ground. 
Experimental 
results 
are shown 
for compari- 
son. 


The waveform 
at XTALl 
is a fairly clean sinusoid. 
Its 


negative 
peak 
is normally 
somewhat 
below 
zero, 
at a 
level which 
is determined 
mainly 
by the input 
protec- 


tion circuitry 
at XTALl. 


The input 
protection 
circuitry 
consists 
of an ohmic 
re- 


sistor 
and 
an enhancement-mode 
FET 
with 
the 
gate 


and 
source 
connected 
to ground 
(VSS), 
as shown 
in 


Figure 
20 for the 8051, and in Figure 
21 for the 8048. 


Its function 
is to limit the positive 
voltage at the gate of 


the 
input 
FET 
to the 
avalanche 
voltage 
of the 
drain 


junction. 
If the input pin is driven 
below VSS, the drain 


and source 
of the protection 
FET 
interchange 
roles, so 


its gate is connected 
to what 
is now the drain. 
In this 
condition 
the device resembles 
a diode 
with the anode 


connected 
to VSS. 


There 
is a parasitic 
pn junction 
between 
the ohmic 
re- 


sistor and the substrate. 
In the ROM 
parts (8015,8048, 
etc.) the substrate 
is held at approximately 
- 3V by the 


on-chip 
back-bias 
generator. 
In 
the 
EPROM 
parts 


(8751, 
8748, etc.) the substrate 
is connected 
to VSS. 


The effect of the input protection 
circuitry 
on the oscil- 


lator is that if the XT ALl 
signal goes negative, 
its nega- 


tive peak is clamped 
to - VDS of the protection 
FET in 


the ROM 
parts, 
and to about 
-0.5V 
in the EPROM 
parts. 
These 
negative 
voltages 
on XTALl 
are in this 


application 
self-limiting 
and nondestructive. 


The clamping 
action 
does, however, 
raise the DC level 


at XTAL1, 
which 
in turn 
tends 
to reduce 
the positive 


peak at XTAL2. 
The waveform 
at XTAL2 
resembles 
a 


sinusoid 
riding 
on 
a DC 
level, 
and 
whose 
negative 
peaks are clipped 
off at zero. 


Since it's normally 
the XT AL2 
signal 
that 
drives 
the 


internal 
clocking 
circuitry, 
the question 
naturally 
arises 
as to how large this signal must be to reliably 
do its job. 
In fact, 
the 
XTAL2 
signal 
doesn't 
have 
to meet 
the 


same VIH and VIL specifications 
that an external 
driv- 


er would 
have to. That's 
because 
as long as the oscilla- 


tor 
is working, 
the 
on-chip 
amplifier 
is driving 
itself 


through 
its own O-to-I transition 
region, 
which 
is very 


nearly 
the same 
as the O-to-I 
transition 
region 
in the 


internal 
buffer 
that 
follows 
the oscillator. 
If some pro- 


cessing 
variations 
move 
the 
transition 
level higher 
or 


lower, 
the on-chip 
amplifier 
tends 
to compensate 
for it 
by the fact that 
its own transition 
level is correspond- 


ingly 
higher 
or lower. 
(In 
the 
8096, 
it's 
the 
XT ALl 
signal that drives the internal 
clocking 
circuitry, 
but the 


same concept 
applies.) 


The main 
concern 
about 
the XT AL2 signal 
amplitude 
is an indication 
of the general 
health 
of the oscillator. 


An amplitude 
of less than 
about 
2.5V peak-to-peak 
in- 
dicates 
that 
start-up 
problems 
could 
develop 
in some 
units (with low gain) with some crystals 
(with high RI)' 


The remedy 
is to either adjust the values ofCXI 
and/or 
CX2 or use a crystal 
with a lower RI. 


The amplitudes 
at XT AL 1 and XT AL2 can be adjusted 
by changing 
the ratio 
of the capacitors 
from 
XTALI 


and XT AL2 to ground. 
Increasing 
the XT AL2 capaci- 


tance, 
for example, 
decreases 
the amplitude 
at XTAL2 


and 
increases 
the amplitude 
at XT ALl 
by about 
the 


same amount. 
Decreasing 
both caps increases 
both am- 


plitudes. 
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Internal pin-to-ground and pin-to-pin capacitances at 
XTALl and XTAL2 will have some effect on the oscil- 
lator. These capacitances are normally taken to be in 
the range of 5 to 10 pF, but they are extremely difficult 
to evaluate. Any measurement of one such capacitance 
will necessarily include effects from the others. One ad- 
vantage of the positive reactance oscillator is that the 
pin-to-ground capacitances are paralleled by external 
bulk capacitors, so a precise determination of their val- 
ue is unnecessary. We would suggest that there is little 
justification for more precision than to assign them a 
value of 7 pF 
(XTALl-to-ground 
and XTALl-to- 


XTAL2). This value is probably not in error by more 
than 3 or 4 pF. 


The XTAL2-to-ground capacitance is not entirely "pin 
capacitance," but more like an "equivalent output ca- 
pacitance" of some 25 to 30 pF, having to include the 
effect of internal phase delays. This value will vary to 
some extent with temperature, processing, and frequen- 
cy. 


MCS@·S1Oscillator 


The on-chip amplifier on the HMOS MCS-51 family is 
shown in Figure 20. The drain load and feedback "re- 
sistors" are seen to be field-effect transistors. The drain 
load FET, RD' is typically equivalent to about IK to 3 
K-ohms. As an amplifier, the low frequency voltage 
gain is normally between - 10 and - 20, and the out- 
put resistance is effectively RD. 
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Figure 20. MCS~·S1 Oscillator Amplifier 


The 80151 oscillator is normally used with equal bulk 
capacitors placed externally from XTAL I to ground 
and from XTAL2 to ground. To determine a reason- 
able value of capacitance to use in these positions, given 
a crystal of ceramic resonator of known parameters, 
one can use the BASIC analysis in Appendix II to gen- 
erate curves such as in Figures 17 and 18. This proce- 
dure will define a range of values that will minimize 
start-up time. We don't suggest that smaller values be 


used than those which minimize start-up time. Larger 
values than those can be used in applications where 
increased frequency stability is desired, at some sacri- 
fice in start-up time. 


Standard Crystal Corp. (Reference 8) studied the use of 
their crystals with the MCS-51 family using skew sam- 
ple supplied by Intel. They suggest putting 30 pF ca- 
pacitors from XTALl and XTAL2 to ground, if the 
crystal is specified as described in Reference 8. They 
noted that in that configuration and with crystals thus 
specified, the frequency accuracy was ±0.01% and the 
frequency stability was ±0.005%, and that a frequency 
accuracy of ± 0.005% could be obtained by substitut- 
ing a 25 pF fixed cap in parallel with a 5-20 pF trim- 
mer for one of the 30 pF caps. 


MCS-51 skew samples have also been supplied to a 
number of ceramic resonator manufacturers for charac- 
terization with their products. These companies should 
be contacted for application information on their prod- 
ucts. In general, however, ceramics tend to want some- 
what larger values for CXl and CX2 than quartz crys- 
tals do. As shown in Figure 18, they start up a lot faster 
that way. 


In some application the actual frequency tolerance re- 
quired is only I% or so, the user being concerned main- 
ly that the circuit will oscillate. In that case, CXl and 
CX2 can be selected rather freely in the range of 20 to 
80pF. 


As you can see, "best" values for these components and 
their tolerances are strongly dependent on the applica- 
tion and its requirements. In any case, their suitability 
should be verified by environmental testing before the 
design is submitted to production. 


MCS~·48 Oscillator 


The NMOS and HMOS MCS-48 oscillator is shown in 
Figure 21. It differs from the 8051 in that its inverting 
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Figure 21. MCS~·48 Oscillator Amplifier 
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Figure 22. Schmltt Trigger 
Characteristic 


amplifier is a Schmitt Trigger. This configuration was 
chosen to prevent crosstalk from the TO pin, which is 
adjacent to the XTALl pin. 


All Schmitt Trigger circuits exhibit a hysteresis effect, 
as shown in Figure 22. The hysteresis is what makes it 
less sensitive to noise. The same hysteresis allows any 
Schmitt Trigger to be used as a relaxation oscillator. 
All you have to do is connect a resistor from output to 
input, and a capacitor from input to ground, and the 
circuit oscillates in a relaxation mode as follows. 


If the Schmitt Trigger output is at a logic high, the 
capacitor commences charging through the feedback 
resistor. When the capacitor voltage reaches the upper 
trigger 
point 
(UTP), 
the 
Schmitt 
Trigger 
output 
switches to a logic low and the capacitor commences 
discharging through the same resistor. When the capac- 
itor voltage reaches the lower trigger point (LTP), the 
Schmitt Trigger output switches to a logic high again, 
and the sequence repeats. The oscillation frequency is 
determined by the RC time constant and the hysteresis 
voltage, UTP-LTP. 


The 8048 can oscillate in this mode. It has an internal 
feedback resistor. All that's needed is an external ca- 
pacitor from XTALl 
to ground. In fact, if a smaller 
external feedback resistor is added, an 8048 system 
could be designed to run in this mode. Do it at your own 
risk/ This mode of operation is not tested, specified, 
documented, or encouraged in any way by Intel for the 
8048. Future steppings of the device might have a dif- 
ferent type of inverting amplifier (one more like the 
8051). The CHMOS members of the MCS-48 family do 
not use a Schmitt Trigger as the inverting amplifier. 


Relaxation oscillations in the 8048 must be avoided, 
and this is the major objective in selecting the off-chip 
components needed to complete the oscillator circuit. 


When an 8048 is powered up, if VCC has a short rise 
time, the relaxation mode starts first. The frequency is 
normally about 50 KHz. The resonator mode builds 


more slowly, but it eventually, takes over and dominates 
the operation of the cirucit. This is shown in Figure 
23A. 


Due to processing variations, some units seem to have a 
harder time coming out of the relaxation mode, partic- 
ularly at low temperatures. In some cases the resonator 
oscillations may fail entirely, and leave the device in the 
relaxation mode. Most units will stick in the relaxation 
mode at any temperature if Cx! is larger than about 50 
pF. Therefore, Cx! should be chosen with some care, 
particularly if the system must operate at lower temper- 
atures. 


One method that has proven effective in all units to 
-4O"C is to put 5 pF from XTALl to ground and 20 
pF from XTAL2 to ground. Unfortunately, while this 
method does discourage the relaxation mode, it is not 
an optimal choice for the resonator mode. For one 
thing, it does not swamp the pin capacitance. Also, it 
makes for a rather high signal level at XTALl (8 or 9 
volts peak-to-peak). 


The question arises as to whether that level of signal at 
XTLAl 
might damage the chip. Not to worry. The 
negative peaks are self-limiting and nondestructive. The 
positive peaks could conceivably damage the oxide, but 
in fact, NMOS chips (eg, 8048) and HMOS chips (eg, 
8048H) are tested to a much higher voltage than that. 
The technology trend, of course, is to thinner oxides, as 
the devices shrink in size. For an extra margin of safety, 
the HMOS II chips (eg, 8048AH) have an internal di- 
ode clamp at XTALl to VCC. 


In reality, Cx! doesn't have to be quite so small to 
avoid relaxation oscillations, if the minimum operating 
temperature is not -4Q°C. For less severe temperature 
requirements, values of capacitance selected in much 
the same way as for an 8051 can be used. The circuit 
should be tested, however, at the system's lowest tem- 
perature limit. 


Additional security against relaxation oscillations can 
be obtained by putting a IM-ohm (or larger) resistor 
from XTALl to VCC. Pulling up the XTALl 
pin this 
way seems to discourage relaxation oscillations as effec- 
tively as any other method (Figure 23B). 


Another thing that discourages relaxation oscillations is 
low VCC. The resonator mode, on the other hand is 
much less sensitive to VCC. Thus if VCC comes up 
relatively slowly (several milliseconds rise time), the 
resonator mode is normally up and running before the 
relaxation mode starts (in fact, before VCC has even 
reached operating specs). This is shown in Figure 23C. 


A secondary effect of the hysteresis is a shift in the 
oscillation frequency. At low frequencies, the output 
signal from an inverter without hysteresis leads (or 
lags) the input by 180 degrees. The hysteresis in a 
Schmitt Trigger, however, causes the output to lead the 
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input by less than 180 degrees (or lag by more than 180 
degrees), by an amount that depends on the signal am- 
plitude, as shown in Figure 24. At higher frequencies, 
there are additional phase shifts due to the various reac- 
tances in the circuit, but the phase shift due to the hys- 
teresis is still present. Since the total phase shift in the 
oscillator's loop gain is necessarily 0 or 360 degrees, it 
is apparent that as the oscillations build up, the fre- 
quency has to change to allow the reactances to com- 
pensate for the hysteresis. In normal operation, this ad- 
ditional phase shift due to hysteresis does not exceed a 
few degrees, and the resulting frequency shift is negligi- 
ble. 


Kyocera, a ceramic resonator 
manufacturer, 
studied 
the use of some of their resonators (at 6.0 MHz, 8.0 
MHz, and 11.0 MHz) with the 8049H. Their conclu- 
sion as to the value of capacitance to use at XTAJ-l and 
XTAL2 was that 33 pF is appropriate at all three fre- 
quencies. One should probably follow the manufactur- 
er's recommendations 
in this matter, since they will 
guarantee operation. 


Whether one should accept these recommendations and 
guarantees without further testing is, however, another 
matter. Not all users have found the recommendations 
to be without occasional problems. If you run into diffi- 
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B) Weak Pullup (1 MO or More) on XTAL 1 
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Figure 23_Relaxation Oscillations in the 8048 
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culties using their recommendations, both Intel and the 
ceramic resonator manufacturer want to know about it. 
It is to their interest, and ours, that such problems be 
resolved. 


V,: 
- 
---- 
--VT 
II 
I 
I 
I 
I 
"'l I I r 


230659-40 
A) Inverter Without Hysteresis: Output Leads Input by 180". 


230659-41 
B) Inverter With Hysteresis: Output Leads 
Input by Less than 180". 


Figure 24. Amplitude-Dependent 
Phase 
Shift In Schmltt Trigger 


Preproduction Tests 


An oscillator design should never be considered ready 
for production until it has proven its ability to function 
acceptably well under worst-case environmental condi- 
tions and with parameters at their worst-case tolerance 
limits. Unexpected temperature 
effects in parts that 
may already be near their tolerance limits can prevent 
start-up of an oscillator that works perfectly well on the 
bench. For example, designers often overlook tempera- 
ture effects in ceramic capacitors. (Some ceramics are 
down to 50% of their room-temperature 
values at 
- 20"C and + 60°C). The problem here isn't just one of 
frequency stability, but also involves start-up time and 
steady-state amplitude. There may also be temperature 
effects in the resonator and amplifier. 


It will be helpful to build a test jig that will allow the 
oscillator circuit to ,be tested independently of the rest 
of the system. Both start-up and steady-state character- 
istics should be tested. Figure 25 shows the circuit that 


SOURCE 
ORG 
0000 
H 
JIIP 
START 
ORG 
OOOB 
H 
CPL 
Tl 
RET! 
ORG 
0001BH 
CPL 
Pl.l 


DJNZ 
P2,$ 
CPL 
Pl.O 


RET! 
START: 
1I0V 
1I0V 
1I0V 


END 


vcc 


TO 
OSCILLOSCOPE ,..,1-+--1 
XTAL2 


A) Software for Oscillator Test 


;TIMER 
0 
INTERRUPT: 
; 
TOGGLE 
Tl 


;TIMER 
1 INTERRUPT: 
TOGGLE 
CRO 
TRIGGER 
DELAY 
TOGGLE 
VCC 
CONTROL 


1I0V 


TH1,#OFAH 
;TIMER 
1 RELOAD 
VALUE 
TL1,#OFAH 
;START 
TLl 
AT 
RELOAD 
VALUE 
TIIOD,#61H 
;TIMER 
1 TO 
COUNTER, 
AUTO 
;RELOAD 
;TIMER 
0 TO 
TIMER, 
16-BIT 
lE, # BAH 
;ENABLE 
TIMER 
INTERRUPTS 
;ONLY 
TCON, # 50H 
;TURN 
ON 
BOTH 
TIllERS 
$ 
;IDLE 


230659-42 
B) Oscillator Test Circuit (Shown for 8051 Te.t) 


1I0V 
JIIP 


Pl.0 


Pl.l 


P1.0 or P1.1 


TO 


OSCILLOSCOPE 


TRIGGER 


H+-~-i 
XTALl 


VSS 
• 


vcc 


8051 


Figure 25. Oscillator Test Circuit and Software 
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was used to obtain the oscillator start-up photographs 
in this Application Note. This circuit or a modified 
version of it would make a convenient test vehicle. The 
oscillator and its relevant components can be physically 
separated from the control circuitry, and placed in a 
temperature chamber. 


Start-up should be observed under a variety of condi- 
tions, including low VCC and using slow and fast VCC 
rise times. The oscillator should not be reluctant to 
start up even when VCC is below its spec value for the 
rest of the chip. (The rest of the chip may not function, 
but the oscillator should work.) It should also be.veri- 
fied that start-up occurs when the resonator has more 
than its upper tolerance limit of series resistance. (Put 
some resistance in series with the resonator for this 
test.) The bulk capacitors from XTALl and XTAL2 to 
ground should also be varied to their tolerance limits. 


The same circuit, with appropriate changes in the soft- 
ware to lengthen the "on" time, can be used to test the 
steady-state characteristics of the oscillator, specifically 
the frequency, frequency stability, and amplitudes at 
XTALl and XTAL2. 


As previously noted, the voltage swings at these pins 
are not critical, but they should be checked at the sys- 
tem's temperature limits to ensure that they are in good 
health. 
Observing these signals necessarily changes 
them somewhat. Observing the signal at XTAL2 re- 
quires that the capacitor at that pin be reduced to ac- 
count for the oscilloscope probe capacitance. Observing 
the signal at XTALl 
requires the same consideration, 


plus a blocking capacitor (switch the oscilloscope input 
to AC), so as to not disturb the DC level at that pin. 
Alternatively, a MOSFET buffer such as the one shown 
in Figure 26 can be used. It should be verified by direct 
measurement that the ground clip on the scope probe is 
ohmically connected to the scope chassis (probes are 
incredibly fragile in this respect), and the observations 
should be made with the ground clip on the VSS pin, or 
very close to it. If the probe shield isn't operational and 
in use, the observations are worthless. 


+12V 


MFE3005 
XTALl 


or 
}) 
XTAL2 
I 
I 


~ 


\ 
TO 
'0---+-_ 
OSCIUOSCOPE 


JUMPER FOR 
GATE PROTECTION 


-5V 


llK 


-5V 


230659-43 


Figure 26. MOSFET Buffer for Observing 
Oscillator Signals 


Frequency checks should be made with only the oscilla- 
tor circuitry connected to XTAL 1 and XTAL2. The 
ALE frequency can be counted, and the oscillator fre- 
quency derived from that. In systems where the fre- 
quency tolerance 
is only "nominal," 
the frequency 
should still be checked to ascertain that the oscillator 
isn't running in a spurious resonance or relaxation 
mode. Switching vcc off and on again repeatedly will 
help reveal a tendency to go into unwanted modes of 
oscillation. 


The operation of the oscillator should then be verified . 
under actual system running conditions. By this stage 
one will be able to have some confidence that the basic 
selection of components for the oscillator itself is suit- 
able, so if the oscillator appears to malfunction in the 
system the fault is not in the selection of these compo- 
nents. 


Troubleshooting 
OSCillator Problems 


The first thing to consider in case of difficulty is that 
between the test jig and the actual application there 
may be significant differences in stray capacitances, 
particularly if the actual application is on a multi-layer 
board. 


Noise glitches, that aren't present in the test jig but are 
in the application board, are another possibility. Capac- 
itive coupling between the oscillator circuitry and other 
signal has already been mentioned as a source of mis- 
counts in the internal clocking circuitry. Inductive cou- 
pling is also possible, if there are strong currents near- 
by. These problems are a function of the PCB layout. 


Surrounding 
the oscillator components with "quiet" 
traces (VCC and ground, for example) will alleviate ca- 
pacitive coupling to signals that have fast transition 
times. To minimize inductive coupling, the PCB layout 
should minimize the areas of the loops formed by the 
oscillator components. These are the loops that should 
be checked: 


XTALl through the resonator to XTAL2; 
XTALl 
through CX! to the VSS pin; 
XTAL2 through CX2 to the VSS pin. 


It is not unusual to find that the grounded ends of CX! 
and CX2 eventually connect up to the VSS pin only 
after looping around the farthest ends of the board. Not 
good. 


Finally, it should not be overlooked that software prob- 
lems sometimes imitate the symptoms of a slow-starting 
oscillator or incorrect frequency. Never underestimate 
the perversity of a software problem. 
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APPENDIX 
A 
QUARTZ AND CERAMIC 
RESONATOR 
FORMULAS 


Based on the equivalent circuit of the crystal, the im- 
pedance of the crystal is 


Z 
_ 
(R1 + jwL1 + 1/jwC1) 
(1/jwCO) 


XTAL - 
R1 + jwL1 + 1/jwC1 + 1/jwCo 


After some algebraic manipulation, this calculation can 
be written in the form 


where CT is the capacitance of Cl in series with Co: 


The impedance of the crystal in parallel with an exter- 
nal load capacitance 
CL is the same expression, but 
with Co + CL substituted for Co: 


Z 
11 
- 
1 
• 
1 - 
w2L1C1 + jwR1C1 
XTAL 
CL - 
jw(C1 + Co + CtJ 
1 - 
w2L1C'T + jwR1C'T 


where C'T is the capacitance of Cl in series with (Co + 
CL>: 


C'T = 
C1(CO + CtJ 
C1 + Co + CL 


The impedance of the crystal in series with the load 
capacitance is 


1 
ZXTAL + CL = ZXTAL + :--C 
]W 
L 


CL + C1 + Co 
1 - 
w2L1C'T + jwR1C'T 


jwCL (C1 + CO)· 
1 - 
w2L1CT + jwR1CT 


where CT and C'T are as defined above. 


The phase angles of these impedances are readily ob- 
tained from the impedance expressions themselves: 


2 


2 


The resonant ("series resonant") frequency is the fre- 
quency at which the phase angle is zero and the imped- 
ance is low. The antiresonant ("parallel resonant") fre- 
quency is the frequency at which the phase angle is zero 
and the impedance is high. 


Each of the above /J-expressions contains two arctan 
functions. Setting the denominator of the argument of 
the first arctan function to zero gives (approximately) 
the "series resonant" frequency for that configuration. 
Setting the denominator of the argument of the second 
arctan function to zero gives (approximately) the "par- 
allel resonant" frequency for that configuration. 


For example, the resonant frequency of the crystal is 
the frequency at which 


Thus 
1 


Ws = JL1C1 


or 
1 
Is=--- 
27TJL1C1 
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Equivalent Series Resistance 
It will be noted that the series resonant frequency of the 
"XTAL + CL" configuration (crystal in series with CL) 
is the same as the parallel resonant frequency of the 
"XTALiicL" 
configuration 
(crystal in parallel with 


CL)' This is the frequency at which 


- 
w2L1C'T = 0 


Thus 
1 
wa = ~L1C'T 


or 


This fact is used by crystal manufacturers in the pro- 
cess of calibrating a crystal to a specified load capaci- 
tance. 


By subtracting the resonant frequency of the crystal 
from its antiresonant frequency, one can calculate the 
range of frequencies over which the crystal reactance is 
positive: 


Given typical values for C, and Co, this range can 
hardly exceed 0.5% of fs. Unless the inverting amplifier 
in the positive reactance oscillator is doing something 
very strange indeed, the oscillation frequency is bound 
to be accurate to that percentage whether the crystal 
was calibrated for series operation or to any unspecified 
load capacitance. 


ESR is the real part of ZXTAL at the oscillation fre- 
quency. The oscillation frequency is the parallel reso- 
nant 
frequency 
of the 
"XTALiicL" 
configuration 
(which is the same as the series resonant frequency of 
the "XT AL + CL" configuration). Substituting this fre- 
quency into the ZXTAL expression yields, after some 
algebraic manipulation, 


ESR = 
(Co 
C)2 
1+w2C~ 
~L 
L 


( 
CO)2 
ss R1 
1 + CL 


Drive Level 


The power dissipated by the crystal is I~R" where I, is 
the RMS current in the motional arm of the crystal. 
This current is given by vx/iz\i, 
where Vx is the RMS 
voltage across the crystal, and Iz,i is the magnitude of 
the impedance of the motional arm. At the oscillation 
frequency, the motional arm is a positive (inductive) 
reactance in parallel resonance with (Co + Cd. There- 
fore iz,i is approximately equal to the magnitude of the 
reactance of (Co + CL): 


1 


IZ11 = 21Tt(Co + CLl 


where f is the oscillation frequency. Then, 


The 
waveform 
of 
the 
voltage 
across 
the 
crystal 
(XTALl to XTAL2) is approximately sinusoidal. If its 
peak value is VCC, then Vx is VCCI,[i. Therefore, 


P = 2R1 [1Tt (Co + CL) VCC)2 
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APPENDIX 
B 
OSCILLATOR 
ANALYSIS 
PROGRAM 


The program is written in BASIC. BASIC is excruciat- 
ingly slow, but it has some advantages. For one thing, 
more people know BASIC than FORTRAN. 
In addi- 
tion, a BASIC program is easy to develop, modify, and 
"fiddle around" with. Another important advantage is 
that a BASIC program can run on practically any small 
computer system. 


Its slowness is a problem, however. For example, the 
routine which calculates the "start-up time constant" 
discussed in the text may take several hours to com- 
plete. A person who finds this program useful may pre- 
fer to convert it to FORTAN, if the facilities are avail- 
able. 


Limitations 
of the Program 


The program was developed with specific reference to 
805l-type oscillator circuitry. That means the on-chip 
amplifier is a simple inverter, and not a Schmitt Trig- 
ger. The 8096, the 8OC5l, -the 8OC48 and 8OC49 all 
have simple inverters. The 8096 oscillator is almost 
identical to the 8051, differing mainly in the input pro- 
tection circuitry. The CHMOS amplifiers have some- 
what different parameters (higher gain, for example), 
and different transition levels than the 8051. 


The MCS-48 family is specifically included in the pro- 
gram only to the extent that the input-output 
curve 
used in the steady-state analysis is that of a Schmitt 
Trigger, if the user identifies the device under analysis 
as an MCS-48 device. The analysis does not include the 
voltage dependent phase shift of the Schmitt Trigger. 


The clamping action of the input protection circuitry is 
important in determining the steady-state amplitudes. 
The steady-state routine accounts for it by setting the 
negative peak of the XTALl 
signal at a level which 
depends on the amplitude of the XTALl signal in ac- 
cordance with experimental observations. It's an exer- 
cise in curve-fitting. A user may find a different type of 
curve works better. Later steppings of the chips may 
behave differently in this respect, having somewhat dif- 
ferent types of input protection circuitry. 


It should be noted that the analysis ignores a number of 
important items, such as high-frequency effects in the 
on-chip circuitry. These effects are difficult to predict, 
and are no doubt dependent on temperature, frequency, 
and device sample. However, they can be simulated to a 
reasonable degree by adding an "output capacitance" of 
about 20 pF to the circuit model (i.e., in parallel with 
CX2) as described below. 


Notes on Using the Program 


The program asks the user to input values for various 
circuit parameters. First the crystal (or ceramic resona- 
tor) parameters are asked for. These are RI, Ll, Cl, 
and CO. The manufacturer can supply these values for 
selected samples. To obtain any kind of correlation be- 
tween calculation and experiment, the values of these 
parameters must be known for the specific sample in 
the test circuit. The value that should be entered for CO 
is the COof the crystal itself plus an estimated 7 pF to 
account for the XTALl-to-XTAL2 
pin capacitance, 


plus any other stray capacitance paralleling the crystal 
that the user may feel is significant enough to be includ- 
ed. 


Then the program asks for the values of the XTAL l-to- 
ground 
and 
XTAL2-to-ground 
capacitances. 
For 
CXTALl, 
enter the value of the externally connected 
bulk capacitor plus an estimated 7 pF for pin capaci- 
tance. For CXTAL2, enter the value of the externally 
connected bulk capacitor plus an estimated 7 pF for pin 
capacitance plus about 20 pF to simulate high-frequen- 
cy roll-off and phase shifts in the on-chip circuitry. 


Next the program asks for values for the small-signal 
parameters of the on-chip amplifier. Typically, for the 
8P51/875I, 
Amplifier Gain Magnitude 
Feedback Resistance 
Output Resistance 


15 
2300 KO. 
2Ko. 


The same values can be used for MCS-48 (NMOS and 
HMOS) devices, but they are difficult to verify, because 
the Schmitt Trigger does not lend itself to small-signal 
measurements. 
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100 DEFDBL 
C.D.F.Q.L.P.R.S.X 
200 REM 
300 
REM ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
400 REM 
500 REM 
600 
REM 
700 REM 
BOO REM 
FNZM(R. X) • MAGrHTUDE 
OF A COMPLEX 
NUMBER. 
:R+JX: 
900 
DEF FNZM(R.X) 
• SQR(RA2+X-2) 
1000 REr1 
1100 REM FNZP(R. X) 
1200 
REM 
1300 RE,., 
1400 REM 
1500 DEF FNZP(R. X) 
1600 REM 
1700 REM 
IBOO REM 
1900 REM 
2000 
DEF 
2100 
DEF 
2200 
REM 
2300 
REM 


2400 
REM 
2500 
REM 
2600 
REM 
2700 
DEF 
2BOO 
DEF 
2900 
REM 
3000 
REM 
3100 
RE,., 
3200 
REM 
3300 
REM 
3400 
REM 
3500 
DEF 
3600 
DEF 
3700 
REM 
3BOO 
REM 
3900 
REM 
4000 
REM 
4100 
DEF 
4200 
DEF 
4300 
REM 
4400 REM 
4500 
REM 
4600 
REM 
4700 
REM 
4BOO 
REM 
4900 
REM 
5000 REM 
5100 
REM 
5200 
REM 
5300 REM 
5400 
REM 
5500 
DEF 
5600 DEF 
5700 REM 
S800 
REM •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
5900 REM 
6000 
REM 
6100 
REM 
6200 
LET 
PI 
z 
3,141592654. 
6300 
REM 
6400 
RE,., 
6500 
QOSUB 
14500 
6600 
REM 
6700 
REM 
ESTABLISH 
N0I1INAL RESONANT 
AND ArH IRESONANT 
CRYSTAL 
FREQUENC IES 
6BOO 
FS - FIX(I/(2*PI_SQR(LI*CI») 


6900 
FA • 
FIX(1/(2.PI.SQR(Ll.Cl.CO/(Cl.~OI»1 


7000 
PRINT 
7100 PRINT 
"XTAL 
IS SERIES 
RESONANT 
AT 
".FS." 
HZ" 


7200 PRINT" 
PARALLEL 
RESONAN1 
AT 
".FA, 
HZ" 


7300 
PRINT 
7400 
PRINT 
"SELECT' 


7500 
PRINT 
7600 
PRINT 
7700 
PRINT 
" 
'600 
PRINT .. 


APRIL 
B. 
19B3 


FUNCTIONS 


ANGLE 
OF A COMPLE~ 
NU,.,BER 
IBO/PI*ARCTAN(X/R) 
IF R)O 
IBO/PI*ARCTAN(X/R) 
+ 
180 
IF R<O 
AND 
X>O 
• 
180/PI*ARCTAN(X/R) 
- 180 
IF R(O 
AND 
xeo 
• 
IBO/PI*ATN(X/R) 
- 
(SGN(R)-I)*SGN(X)*90 


INDUCTIVE 
IMPEDANCE 
AT C0I1PLEX FREQUENCY 
Z • 2*PI*S*L 
+ 
J2*PI*F*L 
• FNRL(S.L) 
+ JFNXL(F.L) 
FNRL(SL.LL) 
z 2.*PI*SL*LL 
FNXL(FL.LL) 
.2.*PI*FL*LL 


S+JF 
(HZ) 


CAPACITIVE 
IMPEDANCE 
AT COMPLEX 
FREQUENCY 
S+JF 
(HZ) 
Z ~ 
1/[2.PI*(S+JF)*C) 


s S/C2.PI*(S~2+F~2).C]+ 
J(-F)/(2.PI*(SA2+F~2)Cl 
• FNRC(S.F.C) 
+ JFNXC(S.F.C) 
FNRC (SC.FC. CC) 
• 
SCI 
(2.*P 1* (SC"'2+FC'-'2 
)*CC) 


FNXC(SC.FC.CC) 
- -FC/(2.*PI*(SC-2+FC-2)*CC) 


RATIO 
OF 
TWO COMPLEX 
NUMBERS 
RA+JXA 
RA-RB+XA*XB 
+ 
J 
RB-2+XB-2 
RBA2+XB-2 
• FNRR(RA. XA.RB. XB) + 
JFNXR(RA.XA.RB.XB) 
FNRR(RA. XA.RB.XB) 
- 
(RA*RB+XAHB)/(RB-2+XB-2) 
FNXR(RA.XA.RB. 
XB) • 
(XA*RB-XB*RA)/(RB-2+XBA2) 


RB+JX3 


PRODUCT 
OF 
TWO COMPLEX 
NUMBERS 
(RA+JXA)*(RB+JXB) 
RA*RB-XA*XB 
+ 
J(XA*RB+RA*XB) 
- FNRM(RA. XA.RB.XB) 
+ 
JFNXM(RA.XA.RB.XB) 
FNRM(RA.XA.RB.~B) 
- RA*RB 
- XA*XB 
FNXM(RA.XA.RB.XB) 
• RA_XB 
+ RB*XA 


PARALLEL 
I11PEDANCES 


(RA+JXA)! :(RB+JXB) 
RA+RB 
+J(XA+XB) 


• FNRP(RA. XA.RB. XB) + 
JFNXP(RA.XA.RB. XB) 
FNRP(RA. XA.RB. XB) - 
(RA*(RB-2+XB"'.!l+ RB*(RA-'2+XA-2) )/( (RA+RB)-2 
+ 
FNXP(RA. XA.RB. XB) • 
(XA*(RB-2+XB-2) 
+ XB*(RA-2+XA-2»/«RA+RB)-2 
+ 
(XA+XB)-2) 
(XA+XB)A2) 


BEQIN 
COMPUTATIONS 


DEFINE 
CIRCUIT 
PARAMETERS 


2 
LIST 
PAkAMETERS" 
CIRCUIT 
ANALYSIS" 


OSCILLATION 
FREQUENCY" 


START,·UP TIME 
CONSTANT" 


STEADY-STATE 
ANALySIS" 
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7900 PRINT 
8000 
INPUT N 
8100 
IF N-I THEN PRINT ELSE 8600 
8200 REM 
8300 REM -------------------- 
LIST PARAMETERS 
-------._-------------------- 
8400 COSUB 
17100 
8500 COTO 6800 
81000 
IF N-2 THEN PRINT ELSE 9400 


8700 REM 
8800 
REM 
--------------------- 
CIRCUIT 
ANALYSIS 
--------------------------- 
8900 PRINT" 
FREOUENCY 
S',)F TYPE 
<5>,cF> " 


9000 
INPUT SO,FO 
9100 COSUB 20200 
9200 COSUB 26600 
9300 COTO 6800 
9400 
IF NR3 
THEN 10300 ELSE 
11000 
9500 REM 
9600 REM ------------------ 
OSCILLATION 
FREOUENCY 
------------------------ 
9700 
CL 
- 
CX*CY/(CX+C¥) 
+ CO 
9800 FO - FIX(I/(2*PI-SQR(LI*CI*CL/(CI'CU») 
nooso-o 
10000 
OF 
- 
F]X(10~INT(LOQ{FA-FS)/LOG(10)-2)+. 
5) 


10100 OS - 0 
10200 RETURN 
10300 COSUB 9700 
10400 COSUB 30300 
10500 PRINT 
10600 PRINT 
10700 PRINT 
"FREOUENCY AT WHICH LOOP GAIN HAS ZERO PHASE ANGLE. " 
10800 OOSUB 26600 
10"00 OOTO 6800 
11000 
IF 
N-4 
THEN 
PRINT 
ELSE 
12200 
11100 REM 
11200 REM ---------------- 
START-UP 
TIME CONSTANT 
------------------------- 


11300 PRINT 
"THIS WILL TAI'.ESOME TIME 
11400 OOSUB 9700 
11500 OasUB 37700 
111000 
PRINT 
11700 PRINT 
11800 PRINT 
"FREOUENCY AT WHICH LOOP GAIN * 
I AT 0 DEGREES" 


11900 OOSUB 
210600 
12000 
PRINT 
PRINT 
"THIS 
YIELDS 
A 
START-UP 
Tr"'E 
CONSTANT 
OF 
";C$NG<lOOOOOO!/<2*Pl*SO»);" 
••ueRDSECS" 


12100 OOTO 6800 
~ 
12200 IF H-5 THEN PRINT ELSE 7300 
12300 REM 
12400 REM ---------------- 
STEADY-STATE 
ANALYSIS 
--------------------------- 
12500 PRINT 
"STEADY-STATE ANALYSIS" 
121000PRINT 
12700 PRINT 
"SELECT: 


12800 PRINT 
" 


12900 PR INT " 
13000 PRINT 
13100 INPUT IC70 
13200 IF IC~(I OR IC7.>4THEN 12600 
13300 OOSUB 
410900 
13400 OOTO 7300 
13500 REM 
SUBROUTINE 
3ELOW DEFINES 
U;PUT-OUTPUT CURVE OF OSCILLATOR 
CKT 
13600 IF IC~>2 AND VO-5 AND VI(2 THEN RETURN 
13700 VD - -IO*VI 
+ 15 
13800 IF VD>5 THEN VO - 5 
13900 
IF 
VO<.2 
THEN 
VO 
- 
2 
14000 IF IC~>2 AND VO)2 THEN VO 
= 5 
14100 RETURN 
14200 REM 
14300 
REM •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
14400 REM 
14500 REM 
14600 REM 
14700 INPUT" 
RI (OHI1S)",RI 
14800 INPUT " LI (HENRY)",LI 
14900 INPUT" 
Cl (PF)",X 
15000 Cl - X*IE-12 
15100 INPUT" 
CO (PF>",X 
15200 CO - X*IE-12 
15300 INPUT" 
CHALI 
<PFl",X. 


15400 CX • '*IE-12 
15500 INPUT" 
CHAL2 
(PF)",X 


151000 
CY - "IE-12 


I. 
8031/8051" 
2. 8751" 
3. 
8035/8039/8040/8048/8049" 
4 
8748/8749" 


DEFINE CIRCUIT PARAMETERS 
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1~700 
15800 
15900 
16000 
16100 
16200 
16300 
16400 
16500 
16600 
16700 
16800 
16900 
17000 
17100 
17200 
17300 
17400 
17500 
17600 
17700 
17800 
17900 
18000 
18100 
18200 
18300 
18400 
18500 
18600 
18700 
18800 
18900 
19000 
19100 
19200 
19300 
19400 
19500 
19600 
19700 
19800 
19900 
20000 
20100 
20200 
20300 
20400 
20500 
20600 
20700 
20800 
20900 
21000 
21100 
21200 
21300 
21400 
21500 
21600 
21700 
21800 
21900 
22000 
22100 
22200 
22300 
22400 
22500 
22600 
22700 
22800 
22900 
23000 
23100 
23200 
23300 
23400 


INPUT" 
GAIN 
FACTOR 
MAGNITUDE".AV. 


INPUT" 
AMP 
FEECBACK 
RESISTANCE 
(K-OHMS)".X 


RX 
= 
~+IOOO. 
INPUT" 
AMP 
OUTPUT 
RESISTANCE 
(K-OHI1S)".X 


RO 
= 
hlOOOIl 
REM 
REM 
REM 
GOSUB 
17100 


RETURN 
REr1 
REM 
REM .**•••**••• ~4.*••*•••• 
t ••• 
*~•• *4••~••••••••••**.* ••••••• ****** 
REr1 
REr'i 
REM 
PRINT 
PRINT 
"CURRENT 
PARAMETER 
VALUES 
PRINT" 
PRINT 
•. 


PRINT 
" 


PRINT 
•. 


PRINT 
•. 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
"TO 
CHANGE 
A 
PARAMETER 
VALUE. 
TYPE 
(PARAM 
NO 
). (NEW 
VALUE) 
" 
PRINT 
"OTHERWISE. 
TYPE 
0.0 
" 


INPUT 
N'l..X 
IF 
N'l.~O THEN 


IF 
N'l.~1 THEN 
IF 
N'l.-2 THEN 
IF 
N'l.-3 THEN 
IF 
N'l.=4 THEN 
IF 
N'l.-5 THEN 
IF 
N'l.-6 THEN 
IF 
N'l.-7 THEN 
IF 
N'l.-8 THEN 
IF 
N'l.=9 THEN 
GO TO 
17400 
REM 
REM 
REM ***••• *.*.*.*.*********** 
••**** •• ***** ••• ***********.********* 
REM 
REM 
REM 
REM 
REM 
REM 
1. Crystal 
l~pedanc@ 
RE 
+ 
JXE 
REM 
XI 
= 


RE 
- 
XE 
= 
REM 
REM 
2. 
RF 
+ 
JXF 
REM 
RF 
- 
FNRP(RX.O.RE.XE) 
XF 
= 
FNXP(RX.O.RE.XE) 


REM 
REM 
3. 
Input 
imp.dance 
II 
REM 
RI 
- 
FNRC(Sa.Fa.C') 
XI 
= 
FNXC(Sa.Fa.CA) 
REM 
REM 
4 
Load 
Impedance. 


REM 
RL ; FNRP(CRF+RI)· 
rXF+XI).FNRC(SQ 
F~,CY).FNXC(Sa.FG.CY» 


XL 
= 
FNXP(CRF+RI 
• (XF+Xl).FNRClSG.r·G.CY).~NXC(SQ.FG.CY» 


REM 
REM 
5 
Amplifier 
gaIn 
A 
~ 
-AV*ZL/,ZL4PO) 


REM 
:, 
Aire""l) 
.• 
jA!lmaglnary) 


REM 
AR. 
AI. 
REM 
REM 
6 
s e e e e ac v 
r-e tr o 
vb e t e . 


REM 


• 


LIS) 
CURRENT 
PARAMETER 
VALUES 


LI ST 
CURr'cr<T 
PARAMETER 
VALUES 


7 
8. 
9 


RI 
"; RI." 
OHMS" 


;0 
LI 
".CSNC(L1)." 
HENRY" 


3 
Cl 
". CSNC(CI+IE+12);" 
PF" 
4 
CO 
", CSNGCC041E+12>." 
PF" 
5 
CXTALl 
= 
", CSNG(CX*lE+l;!)." 
PF" 
6 
CXTAL2 
= 
'". CSNG<CY*lE+12). 
11 
PF" 


AMPLl 
F IER 
CA IN 
MAGN 
lTUDE 
"; AV. 
FEEDBACK 
RESISTANCE. 
".CSNG(WX+ 
001);" 
K-OHMS" 
OUTPUT 
RESISTANCE 
".CSNG(RO+.OOI);" 
K-OHMS" 


RETURN 
RI 
X 
LI 
X 


Cl 
= 
X*lE-l2 
CO 
= 
X*lE-l2 
ex 
X*lE-12 
cv 
X*lE-12 
AV. 
= 
X 


RX 
X*lOOO~ 


RO 
= 
X*lOOO' 


CIRCUIT 
ANALYSIS 


FNXL(FG.Ll) 
+ 
FNXC(SQ,FQ,Cl) 


FNRP 
«RI+FNRL<5a. 
LI) >FNRC 
(sa. Fa. Cl) ). XI. FNRC 
(sa. Fa. CO). FNXC (sa. 
FO. CO) 
FNXP«RI+FNRL(sa.LI)+FNRC(Sa.Fa.Cl»). 
Xl.FNRC(SQ.Fa.CO).FNXC(Sa.Fa.co» 


(RE+JXE): 
:(amplifiPT 
fepdback 
resist.nce) 


RI 
+ 
J X I 
impedance 
of 
CXTALl 


ZL 
= 
timpedance 
of 
CXTAL2): 
:C(RF+RI)+J(XF+XI)] 


-AVtt*FNRR 
(f~~L,XL. ..RO+RL). 
)'LJ 


-AV*.FNYP(RL,XL, 
(RU+RL), 
YL) 


IRJ+JiI)!l(~F+~l)·.I(~F+XI)] 
nir~al' 
~ 
JB(lmaqinaT~) 
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:23~00 
:23600 
~3700 
~3eOO 
:23900 
:24000 
:24100 
;!4;!00 
;!4300 
:24400 
;!4500 
:201600 
:24700 
:24800 
:24900 
:2~000 
:2~100 
:2~:200 
:2~300 
:2~400 
:2"00 
:2'600 
:2'700 
:2'800 
:2'900 
:26000 
:26100 
:26:200 
26300 
26400 
26'00 
26600 
:26700 
:26800 
:26900 
:27000 
:27100 
27:200 
:27300 
27400 
27'00 
27600 
27700 
27800 
27900 
28000 
28100 
28200 
28300 
28400 
28'00 
28600 
28700 
28800 
28900 
29000 
29100 
29200 
29300 
29400 
29'00 
29600 
29700 
29800 
29900 
30000 
30100 
30200 
30300 
30400 
30'00 
30600 
30700 
30800 
30900 
31000 
31100 
31200 


REM 
BRII • FNRR(RI. XI. (RI.RFl, (XI.XFl I 
alII = FNXR(lU, XI. (RI.RF I. <r1.XF» 
REM 
REM 
7 
REM 
A· 
FNZM(ARII,AIII) 


AP : FNZP(ARII,AlII) 
REM 
REM 
8 
(bet.) 
In 
mAgnitude/ph_sI' 
form 
n~+JBl. 
a .t 
BP 
degr ••• 
REM 
a • FNZM(BRII,BIII) 
BP - FNZP(BRII,alII) 
REM 
REM 
9 
Loop 
galn 
G 
= 
(BR+JBI).fAR+JAI) 


REM 
~ 
G(r •• 
l~ 
+ 
JG(lmaglnary) 


REM 
GR • FNRM(ARII,AIII,BRII,DIII) 
GI 
- FNXM(ARII,AIII,BRII,Dill' 
REM 
REM 
10 
REM 
AL· 
FNZM(GR,GI) 
AQ • FNZP(GR,GI) 
RETURN 
REM 
REM 
REM 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
REM 
REM 
REM 
PRINT 
PRINT 
PRINT 
PRINT 
" 
PRINT 
PRINT 
PRINT 
PRINT 
PRINT 
RETURN 
REM 
REM 
REM 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
REM 
REM 
REM 
REM 
REM 
REH 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REH 
REM 
REH 
REH 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
GOSUa 
;!0200 
GOSUB 
26600 
IF GI-O 
THEN 
RETv~N 
SX7, - INT(SGN(GI» 
IF SX7,-.l THEN 
OS - -os 
REM 
(REVERSAL 
OF OS FO~ GI:O 
15 FOR 
THE POLE-SEARCH 
ROUTINE) 
REM 
REM 
2 
INCREMENT 
THE FREQUENCY 
REM 
SP 
,. so 


AR.JAI 
- A at AP 
d.gT ••• 


PRINT 
CIHCUIT 
ANALYSIS 
RESULTS 


" FREQUENCY· 
",SQ," 
+ J",FQ," 
HZ" 


XTAL 
IMPEDANCE 
- ",FNZM(RE, XE)," 
(RE = ",CSNG(RE)," 
OHMS)" 


(XE· 
",CSNG(XE)," 
OHMS)" 


LOAD 
IMPEDANCE· 
",FNZM(RL,XLl," 
OHMS 
AT 
",FNZP(RL, XLl, " DEgREES" 
" AMPLIFIER 
GAIN 
- "'A'" AT 
",AP," 
DEGREES" 


" FEEDBACK 
RATIO 
- ",B," 
AT 
",BP," 
DEGREES" 


" LOOP 
GAIN = -. AL;" 
AT 
",Aa," 
DEGREES" 


OHMS 
AT 
",FNZP(RE,XE)," 
DEGREES" 


SEARCH 
FOR 
FREQUENCY 
(S+JF) 
AT WHICH 
LOOP 
GAIN 
HAS 
ZERO PHASE 
ANGLE 


This 
routine 
searchl'S 
for 
the 
fr.~u.ncy at 
which 
the 
imagin.rv 
p.rt 
of 
the 
loop 
gal" 
15 
zero 
The 
algorithm 
1$ 
•• 
follow.: 


1. 
C.lculate 
the 
sign 
of 
the 
im.gln.r~ 
part 
of 
the 
loop 
gain 
(QI), 


2. 
Increment 
the 
fr.~u.nc~ 
3. 
Calculate 
the 
11gn 
of 
GI 
at 
the 
incremented 
frequenc~. 


4. 
If 
the 
.ign 
of 
GI 
hal 
not 
changed. 
go 
back 
to 
2. 


5. 
If 
the 
,ign 
of 
GI 
has 
changed, 
and 
this 
frequency 
il 
~ithin 
1Hz 
of 
the 
previoul 
slgn-ch.nge. 
elit 
the 
routine. 


b. 
OtherWI,e, 
divide 
the 
fre~u.nc~ 
increment 
b~ -10. 


7. 
Go buk 
to 
2. 


The 
routine 
15 
entered 
wlth 
the 
starting 
frequ.nc~ 
SQ+JFQ 
and 
,tarting 
increment 
DS+JOF 
alr 
•• d~ 
defined 
b~ 
the 
calling 
program. 


In 
actual 
ule 
either 
OS 
or 
OF 
IS 
zero. 
10 
the 
routine 
I •• rch., 
'or 
a 
GI-O 
pOlnt 
by 
lncrementlng 
elther 
SO 
or 
FG 
whIle 
holding 
the 
other 
con'tant. 
It 
returns 
control 
to 
the 
calling 
program 
with 
the 
incremented 
part 
of 
the 
fr.~uenc~ 
belng 
wlthin 
1Hz 
of 
the 
actual 
GI=O 
pOint 


I. CALCULATE 
THE 
SIGN 
OF THE 
1I1AGINARY PART 
OF 
THE LOOP 
GAIN 
(QIl 
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31300 
31400 
31'00 
31600 
31700 
31800 
31900 
32000 
32100 
32200 
32300 
32400 
32'00 
32600 
32700 
32800 
32900 
33000 
33100 
33200 
33300 
33400 
33'00 
33600 
33700 
33800 
33900 
34000 
34100 
34200 
34300 
34400 
34'00 
34600 
34700 
34800 
34900 
3~ 
3'100 
3'200 
3'300 
3'400 
3"00 
3'600 
3'700 
3:!B00 
3'900 
36000 
36100 
36200 
36300 
36400 
36'00 
36600 
36700 
36800 
36900 
37000 
37100 
37200 
37300 
37400 
37'00 
37600 
37700 
37800 
37900 
38000 
38100 
38200 
38300 
38400 
38'00 
38600 
38700 
38800 
38900 
39000 


FP 
a FCl 
SCl = SO 
+ OS 
FCl K 
FCl + OF 
REr1 
REM 
3 
REM 
QOSUB 
:20200 
QOSUB 
:26600 
IF INT(SGN(Glll=C 
THEN 
RETURN 
REM 
REM 
4 
REM 
IF SX%+INT(SGN(GlllaO 
THEN PRINT 
ELSE 
31400 
SX% 
= -SX% 
REM 
REM 
5 
REM 
REM 
REM 
REt1 
IF ABS(SP-SCll<l A"'D ABS(FP-FCll<1 AND 
SX%=-1 
THEN 
RETURN 
REM 
REM 
REM 
OS 
z -05/1011 
OF = -OF 11011 
REM 
REM 
7 
GO BACK 
TO 2 
REM 
QOTO 
31200 
REM 
REM 
REM 
•••• ****** •••••• **** •••••••••••• 
*** •••••••••••••••••••• 
*•• *.*. 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
REM 
QOSUB 
9700 
QOSUB 
30300 
REM 
REM 
REM 
SV% • INT(SGN(AL"I' 
1 I 
IF SV%=-I 
THEN 
STOP 
REM 
ESTABLISH 
INITIAL 
INCREMErHATION 
VALUE 
FOR 
FCl 
FI • FCl 
OF = 
(FA-Fll/IOII 
QOSUB 
30300 
DE = 
(FCl-FIl/IOII 
DF = 0 
FCl z FI 


C.\LCl'L.\TETHE SIGt~ OF GI AT THE 
[NCREMENTED 
FREClUENCV. 


IF THE 
S[GN 
OF G[ HAS 
Nor 
CHANGED. 
GO BACK 
'TO 2 


IF THE S[GN 
OF 
G[ 
HAS 
CHANGED. 
AND 
[F THIS 
FREClUENCV [5 WITHIN 
1HZ 
OF 
'!~E 
PREVIOUS 
S!GN"-C!-!ANGE; 
AND 
!F 
G! 
!S 
NEGAT!VE; 
THEN 
EXIT 
THE ROUTINE 
<THE ADDITIONAL 
REQUIREMENT 
FOR 
NEGATIVE 
GI 
IS FOR 
THE POLE-SEARCH 
ROUT[NE 
1 


6. DIVIDE 
THE FREQUENCY 
INCREt1ENT BY -10 


SEARCH 
FOR POLE 
FREQUENCY 


Thi~ 
~outin••• arches 
for 
the 
fr.~u."c~ at 
which 
the 
loop 
gain 
- 
1 
at 
0 
degrees. 
That 
frequency 
IS 
t~. 
pol. 
fr.qu.nc~ of 
the 
clos.d- 
loop 
gain 
function. 
Th. 
pol. 
fr.qu.nc~ is 
• 
complex 
number. 
SO+JFO 
(Hz) 
Oscillator 
start-up 
ensues 
1f 
SO~>O. 
The 
algol"'ithm 
is 
b••• 
d 
on 
the 
calcul.t.d 
b.havlor 
of 
the 
phase 
angl. 
of 
the 
loop 
gain 
in 
the 
region 
of 
inter.st 
on 
the 
complex 
pl.n 
•. 
Th. 
locus 
of 
points 
of 
zero 
phase 
angl. 
crosses 
th~ 
J-axls 
at 
th. 
oscill.tion 
fr.qu.nc~ and 
.t 
so~. 
higher 
iT.quenc~. In 
between 
these 
two 
crossings 
of 
th. 
J-a.is. 
the 
locus 
lies 
In 
Quadrant 
I 
of 
the 
comple, 
plane. 
forming 
an 
approximate 
parabola 
which 
opens 
to 
the 
left. 
The 
basic 
plan 
is 
to 
follow 
th. 
locus 
from 
where 
It 
crosses 
the 
J-axis 
at 
the 
oscillation 
fr.qu.nc~. 
into 
Guadrant 
I. 
and 
find 
the 
point 
on 
th.t 
locus 
wher. 
the 
loop 
gain 
has 
a 
magnitude 
of 
I. 
The 
algorithm 
is 
as 
follows: 


1. 
Find 
thi' 
oscillation 
frequency. 
O+JFG 
2. 
At 
thiS 
frequency 
calculate 
the 
sign 
of 
(AL-I) 
(AL 
= 
magnitude 
of 
loop 
gain. 
) 
3. 
Increlftent 
FO. 


4 
For 
thiS 
value 
of 
FO. 
fInd 
the 
value 
of 
SO 
for 
which 
the 
loop 
gain 
has 
z.ro 
phase 
5. 
For 
this 
value 
of 
SQ+JFQ, 
calculate 
the 
sign 
of 
(AL-I). 


6 
If 
the 
sign 
of 
(AL-l) 
t'las not 
changed. 
go 
back 
to 
3. 


7. 
If 
the 
sign 
of 
(AL-l) 
has 
changed. 
and 
this 
value 
of 
FO 
is 
Within 
1Hz 
of 
the 
prevIous 
Sign-change. 
exit 
the 
routine. 


S 
OtherWIse. 
divide 
the 
FO-lncrement 
by 
-10 
9 
Go 
bac 
~ 
to 
3 


FIND 
THE OSCILLATION 
FREQUENCY. 
O+JFQ 


2. 
AT THIS 
FREQUENCY. 
CA;_CULATE THE SIGN 
OF 
(AL·-I1 
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3'HOO 
REM 
39200 
REM 
3. 
INCREMENT 
FQ 
39300 
REM 
39400 
FQ 
- FQ + DE 
3'''00 REM 
39600-RE" 
39700 
RE" 
39800 
REM 
39900 
REM 
40000 
REM 
40100 
05 - 
1000_ 
40200 
s!I - 0 
40300 
OOsUB 
30300 
40400 
IF AL-I' 
THEN 
RETURN 
40500 
RE" 
40600 
RE" 
40700 
REM 
40800 
REM 
40900 
IF sY%+INT(sON(AL-I~»·O 
THEN 
PRINT 
ELSE 
39400 
41000 
RE" 
41100 
RE" 
7. 


41200 
RE" 
41300 
RE" 
41400 
IF A8s(FI-FQ)<1 
THEN RETURN 
41500 
RE" 
41600 
REM 
41700 
RE" 
41800 
DE - -DE/IO_ 
41900 
FI - FQ 
42000 
BYX 
- -SYX 
42100 
RE" 
42200 
RE" 
9. 00 BACK 
TO 3. 


42300 
RE" 
42400 
gOTO 
39400 
42500 
RE" 
42600 
RE" 
42700 
RE" ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
42800 
RE" 
42900 
RE" 
43000 
RE" 
43100 
RE" 
43200 
REM 
43300 
RE" 
43400 
RE" 
43500 
RE" 
43600 
RE" 
43700 
RE" 
43800 
RE" 
43900 
RE" 
44000 
RE" 
44100 
REM 
44200 
REM 
44300 
RE" 
44400 
RE" 
44500 
RE" 
44600 
RE" 
44700 
REM 
44800 
REM 
44900 
REM 
4'000 
REM 
4'100 
REM 
4'200 
REM 
45300 
REM 
4'400 
REM 


4'500 
RE" 
45600 
REM 
4'700 
RE" 
4'800 
REM 
45900 
REM 
46000 
REM 
7. 


46190 
REM 
46200 
REM 
8 
46300 
REM 
46400 
REM 
46500 
REM 
9 
46600 
REM 
46700 
REM 
46800 
REM 


4. FOR 
THIS 
I/ALUE OF FQ. 
FII~D THE I/ALUE OF SQ FOR 
WHICH 
THE 
LOOP 
OAIN 
HAS 
ZERO PHASE. 
(THE ROUTINE 
WHICH 
DOES 
THAT 
NEEDS 
OF - O. 
50 THAT 
IT CAN 
HOLD 
FQ CONSTANT. 
AND 
NEEDS 
AN 
INITIAL 
I/ALUE FOR 
OS. WHICH 
IS ARBITRARILY 
SET 
TO 05 - 
1000 
) 


5. FOR 
THIS 
I/ALUE OF sQ+JFQ. 
CALCULATE 
THE SION 
OF 
(AL-I). 


6. 
IF THE 
SION 
OF 
(AL-I) 
HAS 
NOT 
CHANOED. 
00 BACK 
TO 3. 


IF THE 
SION 
OF 
(AL-I) 
HAS 
CHANGED. 
AND 
THIS 
I/ALUE OF FQ 
IS WITHIN 
1HZ OF 
THE PREl/lOUs SION-CHANOE. 
EXIT 
THE ROUTINE. 


8. DII/IDE THE FQ-INCREMENT 
BY -10 


STEADY-STATE 
ANALYSIS 


The 
CiTcuit 
model 
u~ed 
in this 
.n.l~sis 
is simil.~ 
to the 
one u,ed 
in 
the 
small-signal 
analijsis. 
but 
differs 
'Tom 
it 
in 
t~o 
respect,. 


First. 
it 
includes 
clamping 
and 
clipping 
effects 
described 
in 
the 
text. 
Second, 
the 
voltage 
source 
in 
the 
Theve"i" 
equivalent 
of 
the 
amplifier 
is 
controlled 
bV 
the 
input 
voltage 
in 
accordance 
with 
an 
input-output 
curve 
defined 
elsewhere 
in 
the 
program. 


The 
analvsis 
.pplies 
• 
sinusoidal 
input 
signal 
of 
arbitrarv 
amplitude. 
at 
the 
oscillation 
freq.uenc\l. 
to 
the 
XTALl 
pin. 
then 
calculate~ 
the 
resulting 
waveform 
from 
the 
voltage 
source. 
Using 
standard 
Fourier 
techni~ues. 
the 
fundamental 
fre~uency 
component 
of 
this 
wav.form 
is 
extracted. 
This 
frequency 
component 
is 
then 
multiplied 
bV 
the 
factor 
:ZL/tZL+-RO):. 
and 
the 
result 
is 
tallen 
to 
be 
the 
signal 
appearing 
at 
the 
XTAL2 
pin. 
This 
signal 
is 
then 
Multiplied 
bV 
the 
feedback 
rat10 
(beta), 
and 
the 
result 
is 
tallen 
to 
be 
the 
signal 
.ppe.r1ng 
at 
the 
XTALl 
pin 
The 
algorithm 
is 
now 
repe.ted 
uS1ng 
this 
computed 
XTALl 
signal 
as 
the 
assumed 
input 
Sinusoid. 
Ever\! 
time 
the 
.190r1th~ 
is 
repeated. 
new 
values 
appear 
at 
XTALl 
and 
XTAL~. 
but 
the 
values 
c~ang. 
less 
and 
less 
with 
each 
repetition. 
Eventuallv 
t~ey 
stop 
changing 
This 
is 
the 
st.ady-state. 


The 
algor1thm 
is 
as 
follows 
1 
Compute 
approximate 
oscillation 
frequency. 


2. 
Call 
a 
circuit 
analysis 
at 
this 
fre~uency. 


3. 
Find 
the 
q.uiescent 
levels 
at 
XTALl 
and 
XTAL2 
(to 
establiSh 
the 
beginning 
DC 
level 
at 
XTALl) 
4. 
Assume 
an 
initial 
amplitude 
for 
the 
XTALl 
signal. 


5. 
Correct 
the 
DC 
level 
at 
XTALl 
for 
clamping 
effects. 
if 
necessarV. 


6. 
Using 
the 
appropriate 
input-output 
curve. 
extract 
a 
DC 
level 
and 
the 
fundamental 
fr.~u.ncv 
component 
(multiplying 
the 
latter 
bV 
:ZL/(ZL+RO): l. 
Clip 
of' 
the 
negat1ve 
portion 
of 
this 
output 
signal. 
if 
the 
neQativp 
peak 
fall~ 
below 
:erc. 


If 
th1s 
SIgnaL 
multIplied 
blJ (b.t.), 
d1ffE'rs 
fT'om 
the 
input 
ampl1tude 
bV 
less 
than 
J~V· 
OT· 
1f 
th~ 
.lgor1thm 
h.s 
be@n 
r.p.ated 
10 
tImes- 
eJlt 
th. 
routlne 
Oth@rwis@_ 
multiply 
the 
XTAL2 
amplltud. 
by 
(beta) 
and 
feed 
it 
b.ck 
to 
)l'TAL1.• 
nd 
go 
b.c'- 
to 
5 


COMPVTE 
APPROXIMATE 
OSCILLATION 
FREQUENCY 


230659-49 


6-56 


inteJ· 
AP-155 


016900 
017000 
47100 
47200 
47300 
47400 
47'00 
47600 
47700 
47800 
47900 
48000 
48100 
48200 
48300 
48400 
48'00 
48600 
48700 
48800 
48900 
49000 
49100 
49200 
49300 
49400 
49'00 
49600 
49700 
49800 
49900 
eoooo 
'0100 
'0200 
'0300 
'0400 
'0'00 
'0600 
'0700 
'0800 
'0900 
'1000 
'1100 
'1200 
'1300 
'1400 
'1500 
'1600 
'1700 
'1800 
'1900 
'2000 
52100 
'2200 
'2300 
'2400 
52'00 
'2600 
'27QO 
52800 
52900 
'3000 
53100 


QOSUO 
9700 
REM 
REM 
QOSUB 
PRINT 
QOSUB 
PRINT 
REM 
REM 
3 
FIND 
QUIESCENT 
POINT 
REM 
(At 
qui •• cwnce 
the 
voltAge, 
~t 
XTALl 
_nd 
XTAL2 
_re 
equ.l 
This 
REM 
voltage 
level 
l~ 
found 
b~ 
trIal-And-error. 
b •• ed 
on 
the 
input- 
REM 
output 
curve. 
50 
that 
a 
person 
can 
change 
the 
Input-output 
curve 
REM 
., 
d.,ired 
wIthout 
haVIng 
to 
re-calculate 
the 
qui.,cent 
point. 
) 
\,11• 0 
\,IB• I 
1'.1• I 
\,11• \,11+ 
\,IB 
QOSUB 
13600 
IF ABS(\,IO-\,II)(.OOITHEN 
49200 
IF KI+SQN(\,IO-\,II)=OTHEN 
48900 
ELSE 
48500 
1'.1• 
SQN(\,IO-\,II) 
\,IB• 
-\,IB/IO 
QOTO 
48500 
\,IB• 
\,11 
PRINT 
"QUIESCENT 
POINT· 
".\,IB 
REM 
REM 
El 
• 
HRX 
REM 
REM 
5. 
CORRECT 
FOR 
CLAMPING 
EFFECTS. 
IF NECESSARY. 


REM 
(Kt 
and 
K2 
are 
curve-fitting 
parameters 
for 
the 
ROM 
parts, 
) 
1'.1• 
(2.5-\,ID)/(3-VD) 
1'.2z (\,IB-I.25)/(3-\,I0) 
IF 
ICX-2 
OR 
ICX-4 
THEN 
IF EI«\,IB+ 
5) 
THEN 
EO 
• \,10ELSE 
EO 
- El 
- 
., 
IF 
ICX-I 
OR 
ICX-3 
THEN 
IF EI«\,IB+ 
5) 
THEN 
EO 
= \,10ELSE 
EO 
• KI*EI+K2 
NRX 
• 
NRX 
+ 
1 
REM 
REM 
\,10- 0 
VC 
• 
0 
\,IS• 0 
FOR 
NX 
- -25 
TO 
+24 
\,11• EO 
- EI*COS(PI*N'l./25) 
QOSUB 
13600 
VO 
- 
VO 
+ 
VO 
\,IC= \,IC+ \,IO*COS(PI*N'l./25) 
\,IS- 
\,IS+ \,IO*SIN(PI*N'l./25) 
NEXT 
NY. 


\,10= \,10150 
\,11• 
SQR(\,IC~2+\,IS-2)/2'*FNZM(RL. XL)/FNZM«RL+RO).XL) 


REM 
REM 
7. 
CLIP 
XTAL2 
SIGNAL. 


IF \,10-\,11(0 
THEN 
\,IL= 0 ELSE 
\,IL• 
\,10-\,11 
PRINT 
PRINT 
"XTALl 
SWING 
= 
"; EO-El;" 
TO 
";EO+EI 
PRINT 
"XTAL2 
SWING 
= 
";\,IL."TO 
".\,10+\,11 
REM 
REM 
8. 
TEST 
FOR 
TERMINATION 
IF. AlJS!EI-'ll*In·-:. 
001 
OR NRX=10 
TI1EN 
PETVRN 
REM 
REM 
El 
= 
GOTO 


A 
CIRCUIT 
ANALYSIS 
AT 
THIS 
FREQUENCY 
2. 
CALL 
20800 
PRINT 
a!6600 
PRINT 


PRINT 
"ASSUMED 
OSCILLATION 
FREQUENCY' 


4. 
ASSUME 
AN 
INITIAL 
AMPLITUDE 
FOR 
THE 
XTALI 
SIGNAL. 


.01 
- 0 


6. 
DERI\,IE XTAL2 
AMPLITUDE 


9 
\,II*B 
50300 


FEED 
BACK 
TO 
XTALI 
AND 
REPEAT 


230659-50 
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• 


/ 


